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^ & group the Olaaocera constitute one of the 

important biological ooB^onents of the aquatic eoosyetens^ 

forming at times a ma;|or fraction of freshwater plankton* 

The dladocerans are ii^ortant fi8h<»food or^^oiisms that appear 

naturally in freshwater habitats* 

Indian studies on Cladooera was initiated by Baird 

(1860) since when sporadic works dealing with faunistic 

records of different species appear in the literature* Studies 

on the biology of Cladooera have been indeed* fragmentory 

even till todate, and this is all the more true of the North 

Eastern Hill Regions of India. The only available report from 

this region is the recent faunal list by Patil (1976)* 

Shillong (Lat* 25°9» B, Long. 91®9'K)» a smeOl town 

a^ the North Eastern Hill Region of India is situated on a 

plateau at ail altitude of 1600 m above the sea level* Further, 

its location being within about 50 Bto from Maushlnram - the 

higjiest rainfall area of the world - has a luxurient 

vegetation with humid climate which lends interesting scope 

for eoobiologioal studies. Ilh© present vork is therefore, 

an attempt to investigate in as much detail as possible the 

biology of the available species in the Shillong area* Also 

eiig?hasis have been given to relate the field information to 

laboratory findings in order to obtain a more comprehensive 

understanding of the basic life history patterns^ 
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She present stud^ oomes under three ma;] or parts viz.t 

(i) seasonal siirv^ of the Oladocera and their environiaentp 

(ii) ecology and biology of the natural populations of 

Oladocera and (iii) laboratory life oyole studies of a few 

ohos^i oladoceran species. In addition to these* the present 

trends in oladoceran research have been outlined in the 

preface followed IQT a detailed review of available earlier 

literature, 

In Part-I» results of a survey conducted throia^ an 

entire annual cycle at two-month intervsds have loeon furnished* 

TtiQ surv^ed impoundments were of both temporary as well as 

permanent nature.* I^ydrographioal features^ associated vegeta­

tion and physioochemioal properties of each impoundment have 

been studied with a view to relate those to the occurrence 

and diversity of the oladoceran species* A total of 23 species 

belonging to six oladoceran families was recorded v/hich adds 

9 more species to the earlier record of 14 species (Patil 1976) 

Chydoridae was the dominant group while Daphnidae formed the 

second highest group in tezins of species number* 

Dominance of littoral species has been noted and 

discussed* Xhe faunal record has been coiî ared with those 

from other parts of India* Species diversity appeared to be 

related to morphometry of the impoundment while physicochemica3 

properties did not show any significant relations^p* 
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PoBsibilitles of aooldental seeding of dadooeran epecies 

has been disoussed*^ 

In Part-n, the field populations of cladoceran 

epeoies have been studied at weeKI^ intervals in three 

selected habitats for a total duration of 18 months. Of these, 

one was a penaansnt recreational pond with good number of fish, 

another a comparatively big pond with aquatic birds kept under 

captivity, while the third, a small cemented nursery pond. 

B̂ 3rdrographical features, vegetational association,physico-

elhemical properties as well as biological properties which 

inoliided different groups of phytoplankton, zooplankton and 

associated organisms have been studied for the entire period 

of 18 months said the results discussed. A moderate level of 

organic poMutian was observed in the recreational lalce and 

in one pond and the causes were speculated* 

The occurrence and seasonal distribution of the 

various cladoceran species encountered have been investigated 

and discussed in detail for each individual species. Mascimum 

species diversity was recorded in the largest system. 

Numerical density of different species differed in the six 

saB5>llng stations, thou^ a certain degree of similarity existed 

am<mg them., Causes for this variation have been discussed. 

Size group analysis of selected species of Cladocera 

have been made# Distribution of different sisse classes during 
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the axmual oyole did not eahibit any dô laUrte-treird'r'HowQver, 

appearenc© of more apeoimaos with ec^ty brood pou<di generally . 

ooinoided with period of low population density, Staaber of 

eggs/brood was more in daphnid species, while the bosminid 

contained cm oh lower egg number v/hich has been discussed. 

Oooasional appearenoe of one egg in the cdiydorid species was 

noted and discussed* Gamogenetio females with ephippium were 

also recorded* thou^ males were not encountered* 

Partem deals with the laboratory life cycle studies 

of two daphnid species, Paphnia lumholtzi^ and Simooephalue 

Qxapinosua. a moinid, I4oina mi crura and the ohydorid, Alonella 

e^cisa • Also life cycle studies v;ere conducted on the male of 

Daphnia lumholtai. Shis study included the ins tar analysis, 

total life span, pattern of grov/th, egg/brood in different 

instars and the rate o£ egg production* Longest life span was 

recorded in the chydorid species which also produced the 

maximum number of broods* Simocephalus exspinosus produced the 

largest brood and also showed the second hi^est value for the 

rate* of egg production so far recorded among Indian species 

of Cladooera* Shese findings have been compared vxith relevant 

reports from India and elsewhere. The studies on the life 

cycle of the chydorid Oladocera and the male of daphnid are 

the first Indian reports on the chydorid as well as male 

cladocerans in general* Lastly, comparisons have been made 

between field populations and laboratory data and a detailed 

discussion has been presented* 
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Siudy of limnology deals with vsirious aspeots of the 

structure and function of freshwater environmeiits* The human 

race, at the moment,is confronted with the greatest crisis of 

finding adequate water resources for its multifarious use* 

While this may be a recoat exigency of mankind, limnologistis 

are concerned with the basic understanding of how plants and 

animals carry out their various life functions in relation to 

their environments* Such knowledge may be of ultimate value 

not only to xinderatand the structural and functional dynamics 

underlying aquatic ecosystems, but also be of iapplied value in 

aquaculture programmes, 

Most of the investigations today take into account the 

above view points depending upon the particular need of a 

region, state, or even a country. As such a vast amount of 

liinnological literature has accumulated over the years in 

different parts of the world (Smith 1924, W#ioh 194.8> 1952» 

]Pennak 1953» Edmpndscm 1959, Hynes I960, Macan 1963r Mackereth 

1965, Ruttner 1965, Hutchinson 1957,, 1967):* Even in the Indian 

context several audix general studies have been conducted in 

recent daoades on the ponds, lakes and streams, thou^ most 

of them deal with freshwater biotopes of the plains of India 

(Prasad 1916, Arora 1951, Pruthi 1933. Sewell 1955, Ganapati 

194% 1943i 1955, 1960, Bas and Srivastava 1956, 1959, Sin^ 

1960, Michael 1962, 1968, 1969, 1980, Sreenivasan 1963, 1964, 

1969, 1976, George 1966, Moitra and Bhowmick 1968, Munawar 

1970, Hussainy^gliflSS^ Navaneethakrishnan and Michael 1971, 
-?c^ 
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Jana and Sarkar 1971. Jana 1975» Nasar and Munshi 1974,1975)« 

Comparable studies on Indian altitudinal lakes, ponds and 

streams are relatively few and even those available are of a 

preliminary nature (Vasisht 1968, Das et ̂  1969, 1970, 

Sreenivasan 1968, Mathew 1977 ). Among these earlier works, 
I 

such investigations on the cold water systems of Eastern 

Himalayan ranges are conspicuously lacking. It is all the more 

important because of the strategic location of these mountain 

ranges as a * corridor* for faunal incursion as envisaged in the 

Satpura hypothesis (Hora 1951). Vlhile this theory was primarily 

concerned with the fish distribution, studies on other aquatic 

fauna may equeQ.ly be of interest from a zoogeographic viewpoint. 

With the mi^ty Brahmaputra sprawling through the hill 

ranges of the eastern Himalayas, numerous streams flow into it, 

some of them forming shallow lakes along their course. However, 

such lakes are far and few, althougji there are a number of 

artificial manmade impoundments, primarily managed by Government 

or private agencies for the purpose of fish culture. A detailed 

study of such systems with special reference to their boiota 

will be of great interest both from academic and applied point 

of view. It is for this purpose that the present investigations 

have been undertaken on such systems with special reference to 

oladocerans which are well known to be one of the dominant 

groups of zooplariktonio organisms. The choice of such systems 

was deliberate in view of our commitment to relate the researches 

to the development of Inland Pish Culture of the Morth-Eastem 
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hill regipiiB. 

Oladocerans are a group of Grustacea occurring mostly 

in fi^shwater systems, Their marine relatives are comparatively 

few and the majority of them are plaaktonio occurring both in 

the littoral and limnetic zones* Olhey are mostly filter feeders, 

though there are some of predatory habit. These microorustaceanis 

constitute an important fraction of any aquatic biota and 

studies on them have been given raucih importance in recent years* 

Cladoce:i?anB also eadiibit siiccessful adaptation to different 

types of aquatic systems and as w011 present the most dominant 

species composition (Hutohinscm 1967)• 

Importance of Gladocera aa fish food.has long been 

established by different investigators (Alikunhi 1952, Welch 

1952i Pennak 1953^ Vaaa and VaarOven 1959, Michael 1962,; Green 

1967t Gordone e|, a^ 1971) • In recent years, other animals using 

Oladocera as one their food of choice have also been reported 

(Bvi 1966t iickavaaoe 1971, Pellantova 1974*, Kennedy and 

Pitssmaurice 1974) • These realisations provoked investigations 

on the culture of these animals since the early days of 

limnologieal research (Banta 1921, Banta and Wood 1953) and 

these efforts continue e v ^ till today (d*Agostino and 

Provasoli 1970* Martin and Novotny 1975). 

It is long since the cladoeeran genus Daphnia attracted 

scientists as an ideal laboratory material for the understanding 

of different biological pi*oblem8 (Banta 1914, 1921 r Anderson 

1932# Korinek 1970* Navaneethakrishnan and Michael ? ^ ^ ^ K K W S : 
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Peters and Rigler 1973, HeDert 1974, Lg)and OUfford 1974, 

Meijering 1975, Kring and O'Brien 1976). In the modem 

researches on the problem of pollution Daphnia lends itself 

as an excellent laboratory and field animal for various 

hioassay work CL̂ .Zago 1976, Leeuwangh 1978, Adema 1978, Portland 

1978). This is further stressed by the recent symposium held on 

17th Pebruaiy, 1977 on the " After effects of Pesticides on the 

biology and ecology of Daphnia species**, organised by the 

Fauna group of Dutch Commission for Research at Utrecht, 

Netherlands, 

Investigations on bioenergetics and trophic aspects of 

energy transfer through cladocerans as primary consumers have 

also gaine.d importance in recent decades (Kersting and Leeuw 

1976, 1976a, Kersting 1978), Prey-predator relationship and 

associated morphological changes in Cladocera has been one 

another aspect gaining moiaentum in recent years (Hrbacek 1959, 

Brooks and Dodson 1965, Green 1967, lynch 1980), Further, 

nutrient enrichment throu^ cladocerans in aquatic ecosystem 

is a new area of recent interest (Porter 1976, 1977, j)Jacobson 

and Comita 1976, L a ^ ) and Levins 1977). 

These few aspects of clasoceran bionomics focus on the 

need for a better understanding of their ecology and biology, 

Since they are directly consumed by both young and adult fishes 

(Alikunhl 1952, Welch 1952, Michael 1962, Oordone et al 1971), 

artificial manipulation of different species of Cladocera and 



their population may successfully meet the desired food paucity 

in fish cultural practices. In this context the -understanding 

of the biology and life cycles of caadocera is considered 

imperative and has, therefore, attracted the critical attention 

of several investigators even in India (Michael 1962, 

Navaneethakrishnan and Michael 197L1» Murugan and Sivarama-

krishnan 1975f 1976, Murugan 1975f 1975a, Murugan and 

Ramaseshan 1978), 

!i!hus in the present investigation attempts have "been 

madet 

a) to construct a seasonal distribution map of Cladocera 

of ponds and lakes from this part of India to relate their 

oocurrenoe to their respective habitats. 

b) to study the biology of the available species of 

Cladocera in different types of lentic habitats 

c) to study the life cycles of commonly occurring species 

of Cladocera und-er tseminatural conditions in tlie laboratory* 

aino© this study is the first of its kind from this 

region, it is hoped that the results obtained will not only 

contribute to the ecobiological understanding of these 

miorocrustaceans, but also be of use in the pisciculture 

practices of these hill areas. 
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A review of the earlier literattu?e on cladoceran 

research shows that information on the taxonomy and 

distribution of different oladoceran species have mostly 

accumulated over the last one and half centuries. On the 

other hand^ studies on the biology and ecology of Oladooera 

are of relatively recent origin. Further, in the larger 

perspective of world literature, Indian v;orks on Oladooera 

are of very recent times and limited as outlined in detail 

at the end of the present review. However, in the present 

investigations, emphasis has been given on the different 

aspects of oladoceran biology in order to fill this lacuna* 

Culture of oladoceran species have been attempted by 

several workers even from ttie early decades of the present 

century* Banta (1921) improvised a culture medium of Oladooera 

which is still in use* Suginome and Baba (1963^i;19&?a) ? 

suggested a standard culture medium and pointed out that 

influence of food, temperature and population density should 

be taken into aocoun't for maxiimam yield in mass culture* 

Qiioilin (1965) cultured Oladooera with dry mud from temporary 

pond containing large number of Baphnia and found that the 

meduum was favourable for Ixixurient growth of Cladocerai 

d*Aĝ os.tino and Provasoli (1970) suggested a vitamin-rich 

mineral medium for the culture of Oladooera* Provasoli et al 

(1970) iurther emphasized the importance of vitamin and fa«̂ s 

for the restoration of fertility in Baphnia . Arnold (1971) 

advocated the suitability of green algae over blue green 



for cladooeran culture due to the toxic effect of the latter. 

Metteilung (1975) cultured oladooerans with modified technique 

and studied the effect of food and temperature, k culture 

method for Ohydorus. Bosmina and Oyclops was suggested toy 

Martin and Novotny (1975)* In addition to these few studies 

laboratory cultures of Cladodera could be maintained by 

using algae^ bacterial cultures as well as filtered pond 

water. However, the method of mass-culture is yet to be 

standardised. 

fhe problem of food and feeding and its impact on 

cladooeran life cycles have been studied by several, workers. 

Importance of food in the formation of ephippium inJJladoeera 

was pointed out by Wood and Banta (1933). Parker .'(igei) •-' ^ 

reported the ability of Daphnla to utilise inorganic 

pho^hoam's from cell-free medium while Marshall (1962) 

demonstrated the effect of gamma radiation on the feeding 

and growth of Daphnia . MoMohan (1963) and McMohon and 

Rigler (1555) showed that feeding rate in Daphnia magna is 

proportional to the concentration of food upto a critical 

level after which there is no change in the rate and is 

independent of the size of the food particles. Parlova (1964) 

studied food requirement in penilia avirostris from Black 

Sea. Ivanova (1966) calculated filtration rates in relation 

to body weight and organic suspension. Levinav^t0i^y^(1966) 

reported that cladoeerana consume more food than necessary 

for their metabolism which also increases proportionately 

with food concentration. Smyly (1967) pointed out the 



suitability of Sboenedeamus to Chlamydomonaa as food for 

Simooephalua due to the stioky nature of the latter algae, 

Bums (1968, I968a) established relationships between size 

of food particles aiid carapace length in Cladocera:to.predict 

preference of particle sizie by different species. He further 

reported that filtering rate increased with the increase in 

temperature,,* Bums et. ̂  (1967) predicted filtering rate for 

Paphni'a populations of Heart lake based on their laboratory 

studies with yeast suspension and natural water* Weglenska 

(1971) pointed out the limiting significance of food in 

oladoceran life cycle. Kibby (1971) observed that 3)aphnia 

rosea showed different filtering rates when reared in varied 

temperatures while Crowley (1975) observed that filtering 

rate of Daphnia was inhibited by seston, Chirkova and 

Romanenko (1973) studied the consumption of organic matter 

of mud by Ilyooryptus sordidua. Semenova (1974) while working 

out the food composition of Bosmina coregoni.. also reported 

that 18-20 0 was the best temperature for its growth.Clark 

and Carter (1974) are of the opinion that food supply is the 

major factor in controlling population dynamics of Oladocera, 

Chisholm and Stress (1975) measured filtering rate as a 

function of temperature, food density, animal length and the 

time of the day. The predaceous oladoceran species, Laptodora 

kindtii has been reported to eliminate 50% of the total filter 

feeding orustaoeans (Karabin 1975)* Smyly and Collins (1975) 

recorded that bacteria associated ̂ r̂ith algae formed the major 

food item of Oeriodaphnia^ ̂latadrangula.ViJ verb erg (1976) 



observed that lower concentration of food affected the life 

cycle of Daphnia hyalina , Kring and O^Brien <1976, 1976a) 

reported that pH, temperature aad oxygen concentration 

below 3 mg/1 could change filtering rate in Daphnia. 

Iiampert <1978) reported that fecundity in Daphnia ie 

dependant on particular level of food concentration.Recently 

Redfield (1980) observed that Daphnia is able to respond 

to improved food supply with increased number of eggs/brood, 

De Bemardi et ̂  (1980) reported better growth of Daphnia 

spp« when fed on Moorogyatis in comparison to Scenedesmua. 

Although a vast amount of literature has accumulated 

on the population parameters of various oladoceran species 

conducted mostly in connection with the zooplankton faima, 

a few studies on the population of different cladoeeran 

species have been referred here, Johnson (1956) while studying 

the limnology of lake Taba from Sumatra, detailed out the 

oladoceran populations.Parker (1960,1961) observed that the 

daphnid species Simocephalua exspinosus seemed to obstruct 

feeding of Cyclops, probably due to feeding competition, 

Hall (1964) investigated the dynamics of a natural population 

of Daphnia gale at a mendote and analysed frequency of moulting, 

duration of egg development, growth rate and life span, 

ELboum (1966) reported two peaks in spring and autumn in 

field population of Daphnia obtusa and found 4 preadult 

instars requiring 5 days to complete preadult periods at 



22°0, Kowalozyky (1969) reported that crustaceans in peat "bogs 

BLCQ influenced by the age of peat bog, water table, type of 

banks, pH and possible connection with river. Babitsky (1970) 

investigated the detailed biology and productivity of 

Eurycerous lamellatua# Keen (1970 used a probabilistic 

approach for the study of the dynamics of natural populations 

of Chydoridae. Brandl^ and Fernando (1971) attributed 

reproductive activities to be the cause of jnicroaggregations 

while studying the populations of Ceriodaphnia affinis • 

Carter (1971) analysed the populations of crustacean plankton, 

Asch and Kingsbury (1972) observed three distinct peaks in 

the copepod and dadoceran species of Eed Eock reservoir, 

Iowa, Cunningham (1972) reported vertical migration of 

Saphnia populations in ice covered ponds and lakes« 

Population dynamics and productivity of Daphnia hyalina 

was investigated by George and Edward (1974)» Taylor (1974) 

while studying the; crustacean plankton of lake Moncove, 

West Virginia, reoprded faunal similarity between-the 

different stations! of the lake* Kwick and Carter (1975) and 

Duncan (1975) studied production and population dynamics 

of different cladoceran species. Stress and Ohisholm- (1975) 

put forward the view that density stabilisation in Oladocera 

to be the property of the individual or the population, while 

Pejler (1975) reported remarkable stability of the aooplankton 

in contradiction to the hypothesis that zooplankton are an 

extraordinarily:labile biocenose. Davis (1975) studied 

seasonal changes in cladoceran population in Newfoundland• 

ottBemaxdi and Cola (1976) used a compartmental method for the 



estimation of cladoceran production. Keen (1976) observed 

that though population dynamics of different chydorid 

species followed no set pattern, they had remarkable 

similarity from year to year, Oomi and Strainer (1976) 

observed that decreaJse in the population densities of 

chydorid Cladooera was due to -ttie death of aquatic weeds, 

Watson (1976) investigated seasonal distribution and 

abundance in crustacean zooplankton in lake Erie, 

Allan (1977) held the view that seasonal succession in 

Oladooera can be predicted as different species has 

different rates of responses to temperature, Lynch (1978) 

pointed out the ooexploitive interactions between 

cladoceran species, Ghilarov (1980) investigated the 

population dynamics of epilimnetio cladoceran spe'cies* 

k few studies on the life cycle of different 

cladoceran species have been referred here. Brown (1926) 

studied the .influence of teii5>erature on duration of instars 

and pointed out occurrence a^d developmental rate in 

nature and also later suggested a mathematical model 

(Brown 1927)•Anderson (1932) while studying the life oycle 

°^ Paphnia magna reported more than 5 preadult instars in 

this species. He also pointed the relative growth and 

variations in this species* Buikema (1968) ŝ iowed that 

longer wavelengths increase stirvival of the yoxmg of 

Daphnia puleg, Shan (1969) studied the life c^cle of the 

chydorid species, Pleuroxua denticulatua, and held the view 



that probably all ehydorids have similar life oyole 

pattern, Korinek (1970) studied the embryonio and 

postembryonio development in Daphnia in relation to food 

and temperature. lei and Clifford (1974) studied the 

detail biology of both male and female of Daphnia s6h<$aieri. 

Bottrell (1975) investigated the life cycle parameters of 

eight cladooeran species. Steele and Steele (1975) observed 

that postembryonio development of caadocera to be inversely 

proportional to egg size. Monro and White (1975) discussed 

egg development and growth of Daphnia longispina in the 

light of temperature,history of animals, habitat and 

genetic differences. 

Sex and reproduction in Cladocera has been studied 

with enou^ emphasis since long time when Banta (1914) 

reported sex to be regulated by environment which is 

reemphasised in recent yeaxa by Hebert and Ward (1972). 

Batna and Wood (1928) furnished genetic evidence of Daphnia 

male being deploid. Batna and Brown (I929t 1929a, 1929b, 

1929d, 1950), Brown and Banta (1932), Banta (1937) and 

Banta and Wood (1938) performed a series of experiments 

in laboratory cultures and suggested that sex in 

Cladocera to be controlled by factors like crowding of 

mother, excretory metabolites, critical period, rate of 

mo-tiiers* development, drugs, temperature, population 

density and maternal influence. Hoshl (1951a) studied the 

hatchability of the ephippium of Simocephalus vetulus 

using artificial culture medium. Stress (1965, 1966, 1969) 
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induced sexual reproduction in Daphnia pulex and was 

able to germinate sexual eggs through the regulation of 

temperature and photoperiod. Davison (1969) activated 

ephippium of Daphnia hy regulating wavelengths and 

pointed out the need of dark reaction before light 

treatment, Suginome (1969) worked out the standing crop 

of resting eggs and identified ephippium of different 

species, Shan (1970) could enhence the time for hatching 

1 of' resting eggs by proper control of the photoperiod, 

Makrushin (1970, 1972) reported the presence of 

protoephippial glands in the brood pouch of Oladocera, 

Shan (1974) advocated the significance of photoperiod 

and light intensity in the regulation of male production 

in Oladocera, 

Cyolomorphosis in oladoceran species has been 

studied by many workers, k few of them are referred here, 

Brooks (1946, 1947) while experimenting with Daphnia 

found that temperature and turbulence controlled relative 

head size and cyolomorphosis, Hrbacek (1959) demonstrated 

the role of circulation of water in the helmet formation 

in cyclomorphic Daphnia • Mannilova (1965) viewed that 

cyolomorphosis in Oladocera to be an adaptive phenomenon 

related to the continual existance which is influenced 

by change in physical propert4es of water. Brooks and 

Dodson (1965) attributed helmet formation in Daphnia 
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to be due to the predation pressure exeirted "by Vertebrate 

predetor like fishes, Hazelwood (1966) observed that 

turbulence and illumination effect helmet length/oarapaoe 

length ratio. Egloff (1968) studied seasonal variability 

in oyolomorphio characters and correlated different 

structure -and temperature in natural populations of 

Daphnia • Jacobs (1970) used a multiple regression 

method to establish cyclomorphosia, Kerfoot (1975) 

observed cyclomorphosis in Bosmina longirostris and " 

attributed it to predation pressure though in the 

laboratory experiments temperature and turbulence seenfed 

to be the major factors, Zago (1976) found that tempera­

ture, food and turbulence effect cyclomorphosis in 

Daphnia , Blue green algae were reported to decrease 

population and produced more ephippia by Zago (1976), 

Recently Hebert (1978) held the view that the hypothesis 

of predation pressure as controlling factor of 

cyclomorphosis does not hold good and this phenomenon is 

related with swimming fitness and better ge^ exchange, 

In the recent decades, predation has been much 

advocated to influence the bioligy of Cladocera, Korinek 

(1965) while studying the production of female Daphnia 

pulex pointed out that the main loss of population was 

through predation. Goulden (1971) reported- that the main 

controlling factor of chydorid population was invertebrate 
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predation. Keen (1973) reported that decline in ohydorid 

population was due to predation though immigration and 

natural mortsaity are adso important factors, Hirston and 

Pastorok (1974) studied predation effect on Daphnia by 

cascade models Bosselman (1974) while investigating the 

plankton communities of the lake Erson> noted that predation 

and productivity do not change species composition. Bemardi 

and Ganali (l975) observed that predation and migration 

play important role in regulating population dynamics of 

pelagic Cladocera, Stavn (1975) proposed predation pressure 

to be the ma;jor factor in controlling species composition 

and vertical migration in Paphnia while Kerfoot (1975a) 

reported changes in egg-size due to predation in Bosmina • 

Galbraith (1975) opined that Daphnia can be used as an 

index for fifehiiig quality of rainbow trout as the later 

preyed up on. Daphnia ^ Jacobs (1978) observed that predation 

effect was aore' on larger animals. Recently I»yndh (1980) 

reviewed the evolution pattern of life histories in Cladocera 

in the light of both vert«|brate and invertebrate predation. 

Inj recent years a number of physiological and 
i 

toxicologicai studies have been conducted on different 

cladooeran species. Hoshi (1949» 1949a, 1950a,, 1950b, 1950o, 

1951* 1953» 1954, 1957) conducted a series of experiments 

on the physiology of Simooephalus vetulus and studied the 

influeno© o£ oxygen, pH, fatty substances, gjyoogen both 
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in relation to embryonic and adult stages, Parker (1959) 

reported that Sikooephalus cannot survive when kept in 

continuous illumination. Johnson (1952) studied the thermal 

tolerence and its impact on the reproductive behavior of 

Oladocera, Marshall (1962) studied the effect of gamma radia-

tion on Daphnia.was density dependant. Heart rate of cladoceran 

species has been shovn to increase with temperature^ size 

and during copulation by Smimov (1965). Green (1966) 

recorded a green pigment in Simooephalus in addition to 

normal pigments. Gerals et. al (1969) established that oxygen 

consumption is more in males of Leptodora kindtii than that 

of females. Peters and Higler (1973) developed a model for 

phosphorus excretion by Daphnia. O"*̂  O2 outputiin Oladooera 

was studied by Lampert (1975) while Nebeker and Puglisi 

(1974) found out the lethal dose of aquatic toxicants for 

Daphnia. Peters (1975) .worked out a mathemetical medel for 

P excretion^ feeding and assimilation in cladoceran species. 

Kersting (1975)f while studying the effect of diuron 

formulated a budget of energy for Daphnia magna. Ganon 

and Ganon (1975) reported that carbonated water, chloroform 

and methyl alcohol to have narcotic effect on Daphnia. 

Meijering (1975) observed that arctic cladoceran populations 

have relatively slower rates of metabolism. Lampert (1977, 

1977a, 1977b, 1977c) made a series of studies on the carbon T̂ eiobcUsW 

in Daphnia pulex. leeuwangh (1978) pointed out the importance 

of daphnid species as ideal material for toxioological 

studies. 
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Pew other aspects of cladoceran ̂ biology in 

addition t> th.ose mentioned above have been referred here, 

&n3rly (1956) reported frequent occurrence of more thaa two 

eggs in the ephippium of Aoantholeberis curvirostris • 

Proszynska (1963) reviewed the problem of differentiating 

Oladocera and Copepoda fauna of small water bodies and ponds 

in̂ tthe light of pres^it faunistio literature. Hrbaoek (1966) 

attributed more than hundred forms of Daphnia to phenotypic 

and genotsrpio variability, Bvi (1966) reported oladbcerans 

to be the food of roach larvae of 5 to 10 cm in length. 

Piekavance (1971) and Cordone et ai (1971) reported that 
t 

oladooerans form food of Plaimarians, Shan (1971) held the 

view that natural gamogenetic hybrids are reproductively 

sterilei, Smyly (1974) found no difference in the day and 

night oollections of Ceriodaphnia • Green (1974) gave a 

systematic account of the parasites and epibionts of 

Caadooera* logdan and MoWaught (1975) observed that larger • 

zooplankton enjoy advantage for resource competition. 

Among the notable works on the taxonomy and 

distribution of Oladocera, only a few earlier and recent 

significant works have been outlined in thia review* Birge*s 

(1891, 1893f 1897, 1918) contributions on American 

olaiioceran fauna is one of the important earlier studies, 

Prof. G.O.Sars of the .Christina Universityii^afw'^ eToclSt^t'^ 
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the faunistic records of Oladocera, Oopepoda and Ostracoda 

from IJew Siberian Island in 1898-, He also studied and 

disciiased the Cladooera fauna of South America (1901) and 

Central Asia (1903). Gumey (1927) reported oladooeran species 

from the dried mud after cultiiring in the laboratory. Ueno 

(1932, 1933) documented 22 and 18 cladoceran species from 

CMna and Japan-, Jenkins (1934) reported 18 species from the 

Rift valley lakes of Kenya, A key for the British species of 

Cladooera v;as presented by Johnson (1952b) while dealing the 

British fauna, Harding (1957) desoribed two Alona species 

Vhile in 1961 he reported 38 species of freshwater Cladooera 

from South Africa, Brooke (195̂ J) monograph on the Horth American 

Daphnia species is of great significance, Frey (1959,1967) ' - -" 

stressed upon the taxonomic and phylogenetio significance of 

head pores in Chydoridae and traced the phylogenetio 

relationships of the family as a whole and distinguished 

Alona costata, A,rustloa and A,bicolor based on head pores and 

general morphology. A review of the two oladooeran genera, 

Latonopsis and Pseudosida has been given by Thomas (1961a) 

who also reported 25 species from Uganda (l96lb). Green (1962) 

investigated oladooeran fauna of river Sokoto, Uganda, and 

reported 50 species and described the new species Alona 

holdeni. Goulden and Prey (1963) pointed out the significance 

of lateral head pores in Bosmina , Korde (1965) recorded 

18 species and 3 taxonomio forma of cladoceran from the 

miorobenthos samples of Volga river, Smimov (1966a, 1966b, 
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1966c-) composed identification keys for JPleuroxus. 

reviewed the genus Alonopsis and pointed out that there 

are three distinct sections in family Chydorida©, Paunal 

contribution on the oladocerans of Nepal and the surrounding 

Himalayan foot hills was that of Ueno (1966). Olga (1966) 

held the view that suhfossil studies are important in 

understanding the distribution, life history and ecology of 

various cladoceran species. Didsinson (1967) identified 

cladoceran species from fossil remains from Nevada while 

Prey (1967) emphasized the importance of cladoceran fossil 

remains for the understanding of their evolution. Barker 

(1967) identified 14 species of Cladocera from central Aferica, 

#Lossner (1967) reported Maorothrix ftirsuticornis. Alona 

rustiea and k, intermedia from Bulgaria while Barker (1967) 

recorded Oeriodaphnia reticulata var, serrata for the first 

time from Africa. A handbook for the identification of 

British species of Cladocera was prepared by Soourfield and 

Harding (1967). Smimov (1968^ 1969) discussed and contributed 

data on the functional morphology in some species of the 

ohydorid Cladocera. DeCosta (1968a, 1968b ) reported species 

diversity of chydorid cladoceran community from 45 lakes in 

Mississippi valley in the United States of America.I^er (1968) 

discussed the evolution and adaptive radiation in Chydoridae, 

based on functional morphology while later xm, he traced out 

the evolution of Macrothricidae and held the view that this 
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group is the oldest of all anomopods (Pryer 1974)^ The same 

author reported (1971) axial drinMng in Cladooera* Prey (1971, 

1975) reviev/ed the ecology and distrilmtion of Earycerous 

â d Saycia and discussed subgeneric diffentiation in 

Suryoerous and also reported €ii^new species of Buryceroua 

from Sweden, Smimov^a detailed studies on -ttie world fauna of 

Chydorida© (1971) as well as Macrothricidae and Moinidae (1976) 

are valuable contributions to the taxonomy and distribution of 

Oladoeera as a i/Jhole* Goulden (19(^) reviewed the taxonomy of 

Moina and 'Moinodaphnia , and raised them to the status of the 

new family, Moinidae, |Corinek (1971) made a oon^arative study 

of head pores in the genus Bosmina . Hebert (1974) while 

dealing with Daphnia showed that 33aphnla magna consisted of a 

limited number of ecologically differentiated clones* Anderson 

(1974) while dealing witl^ Canadian oladoceran fauna, brought 

out the interespecifio relationship, Fernando (1974. 1980) 

reported 45 species of Claccdera with 14 new reco.rds from 

Srilanka and pointed out the relaTiively lov/er abundance of 

larger oladoceran speciesi Meijering ( 1975) discussed the 

systematica and ecology of Baphnia.pulex and reported (1975a) 

a species resembling both 3),middendorffiana and D.pulext He 

attributed this intermediate nature to environmental stress * 

Roeben (1975) reported 13 species of Oladoeera with 5 new 

records from Canary Island, Africa, while Margaritoria and 

(^'^^^^^''575) made observations on the taxonomy and 

distribution of Daplinia sppi from Sardina* Hebert (1977) 
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reviewed the taxonomy of Australian Daphnia species. Kurbersky 

(1978) discussed the worldwide distribution of Alonopsis and 

described a new species* 

Studies on the Indian oladooerans in general and 

particularly on the detailed ecology and biology at species 

level are rather scanty as pointed out earlier. Nevertheless, 

a detailed review of all the major Indian works has been 

attempted here, 

First study on the oladoceran fauna was that of Balrd 

(18^, 1860) vftio dealt with the piadocera fauna of Kagpur in 
i I 

Central India. Grumey (1907) furnished a systematic account of 
! ) 

the oladoceran fauna of Bengal and part of Bihar and described 
I 

two new species of Maorothrix. Arora (l93t) contributed to the 

Oladooera fauna of Lahore, now in Pakistan territory. Sewell 

(1935) contributed to the faunal record of Indian Ciadocera in 

course of his studies on the plankton fauna of Indian Museum 

Tank and also traced their seasonal changes. Brehm*s report 

(1936) on Yale North India Expedition is one of the important 

contributions to Indian oladoceran fauna. He contributed 

further (1950) to the freshwater oladooerans of India,Biswas 

(1964-) recorded latona tiwari sp, nov« from Bajasthan and dealt 

with their distribution. Biswas (1966) described Ohydorus 

brehmi sp, nov. from Jaipur, India, Biswas (1971) identified 

45 species of Ciadocera from Rajasthan and dealt with their 

distribution, Nayer (1971) recorded 17 species of Ciadocera 



17 
from different part of Rajasthan, India and added 9 new records. 

Patil (1976) contrilDuted to the Oladocera fauna of JSIoith-Eastem 

India and added 7 new records for this region. Nasar (1977) 

recorded 11 species of Oladocera from Bhagalpur, Bihar of Which 

9 v/ere new records, 

Michael (1962) attempted for the first time in India to 

analyze the seasonal events in a natural population.of 

Geriodaphnia eomuta and worked out their life cycle under 

laboratory conditions. Uavaneethakrishnan and Michael (1971) 

studied the life cycle of Daphnia carinata and found faster 

rate in egg production than that of the temperate species, 

Daphnia pulex and attributed this difference to differences in 

temperature regimes. Murugan and Sivaramakrishnan (1975) studied 

the biology of Simooephalua aoutirostratus and found 

resemblance with the temperate species of daphnid. Baphnia 

pulex in the life cycle pattern. Embryonic development 

"resembled that of Daphnia magna . Murugan (1975) investigated 

the detailed life cycle and embryonic development of Moina 

micrura under laboratory conditions. Murugan (1975a) observed 

sixnilarity between embryonic and postembiyonic developments of 

Oefiodaphnia oomuta and those of other daphnids. Murugan and 

Sivaramakrishnan (1976) investigated the life cycle of 

Scapholeberis kingi and reported 2 preadult and 17 adult instars 

with a life span of 493*6 hrs. The total number of eggs produced 

were 239.40. Murugan and Venketaraman (1977) traced the detailed 

morphological changes in the embryonic development of Daphnia 
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oarinata. Murugan and Eamaseshan (1978) observed that production 

of sexual eggs in Soapholeberis kin^ is due to depletion of 

food sypply and sexual egg producing mothers may or may not 

undergo any parthenogenetio generation during the rest of life 

span. They also recorded pseudosexual eggs to be more in the 

field than in laboratory. 



PABI- I 

SEASONAL SUEVEY OF CLADOCERA AUD 
THBIE EKVIRCiNMEasra 



PAESe-l 

I H T R O D U O S I O K 



19 

Taxonomy and distribution of animals both in time 

and space have been considered as basic requirement of any 

biological research. Along with the development of modem 

tools in biological research concepts of modem taxonomy 

and distribution studies have undergone simultaneous 

moderanisation* Such works in the Indian context have been 

limited and more so on Cladocera, although the first study 

on the taxonomy and distribution of this group has been 

initiated as early as 1859 by Baird. Baird's pioneering 

work yaa based on the collections made by Rev.Hislop in 

and around Hagpur in Central India (Baird l©59t I860), 

After about five decades Gumey dealt with the entomostracoue 

crustaceans from BengeGL and Bihar in Eastern India (Gumey 

1906, 1907)* This was followed by Arora (1931) who gave an 

account of the iSntomostraca from Lahore, now within the 

territory of Pakistan, 

Paimal studies on Cladocera from different resiona 

of India is still incompletei Sev/ell ( 1935) listed the 

oladoceran species occurring in the Indian Museum Tank, 

Calcutta, Brehm (1936) studied the material of Yale 

University Horth India e3j>edition from Ladakh, Kashmir 

valley, Punjab and also from Uilgiri Hills from South India^ 

Subsequently he contributed further to the Indian oladoceran 

fauna (Brehm 1950, 1952, 1953)• Biswas (1964) reported five 

species of Daphnidae from Simla Hills and Kameng district 

of HEFA, now called Arunachal Pradesh, He also investigated 
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the fauna of Rajasthan state of North-Westem India 

(Biswas 1964a, 1965, 1971)• Petkovski (1966) worked on the 

collections made from Baroda, in Gujrat state of Western 

India, Nayar (1971) published a paper on the taxonomy and 

distribution of Oladooera from Raj as than and described a 

new species and- added nine new records to the Indian fauna, 

The only important faunistio study from peninsular India 

is that of Michael (1975) who dealt with species occurring 

in and around Madurai, Patil (1976, -1977) listed the Cladocera 

from material collected from a survey of Assam,Meghalaya and 

Manipur states of Eastern India, 

Though these studies are of importance from taxonomy 

and distribution point of view, most of them appear to be 

based on a few or several collections and have not taken 

into account any other aspects of their biology. On the other 

hand studies on the seasonal occurrence and distribution of 

Cladocera have been more than neglected. Thus the present 

part deals with the studies on the number of. available species 

of Cladocera during different times of the season in relation 

to the various limnological parameters, Por this purpose as 

many different system as possible have been chosen from the 

greater Shillong area for the stu^ of morphometry, vegetation, 

phydicochemical properties along with the oladoceran fauna, 

This study being the first of its kind from this unexplored 

region of India, it is hoped that the present investigations 

will lay- the foundations for any future investigations on 

Cladocera from this region. 
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The materlaas for the present study were obtained from a 

total of 29 freshwater lentic habitats from the greater Shillong 

area (lat. 2 5 % long. 91°9*,B), The various limnologioal 

parameters, namely, morphometryt physioochemioal and biological 

features were determined as followsj 

i) Morphometryj Shoreline mapping was done following the 

•Enclosed rectangle method* as suggested by Welch (1948). This 

method essentially consists of fixing a base line around the 

system and measuring the distance from this to the shore line at 

every metre interval. 

The depth contours v/ere prepared for each system by 

finding out the actual dep-tti along transects with the help of a 

graduated iron rod. This method v;as found to be convenient for 

use in most of the systems as majority of them were less than 

1.50 m deep. Por the ponds in Pish Dale, data on morphometry 

were obî pdned from the records of the Fishery Department, 

Government of Me^alaya. Por larger systems such as Ward Lake 

and a few others,a plastic boat or a bamboo raft was used for 

the contour mapping, A weighted diso attached to a graduated 

plastic rope was used for the depth measurements. Readings were 

taken at one metre interval along several transects across the 

impoundment and the^ contour maps were prepared accordingly. 

ii) Collection devices Oladocera samples were collected 

from all the systems between 0800 to 1200 hrs. The samples were 

obtained vjith iiie help of a conical plankton net fabricated out 
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Of lo.25xxx bolting silk. The net waa towed through tooth 

littoral and linmetio zones in each of the system. At times, 

when there was too rnxdh littoral vegetation, an iron handle 

was attached to the net to faoiliate easy collection. Samples 

were immediately fixed in Formalin raising slowly to a final 

concentration of about 5̂ » Such slow addition of Pon&alin was 

found to prevent distortion of body shape in Oladooera. On 

return to the laboratory, these organisms were sorted out 

under a binocular microscope. Water samples were collected at 

fixed stations by slowly dipping a plastic bottle of one litre 

capacity ̂ ust below the water surface. Chemical analysis of 

various factors were carried out immediately on return to the 

laboratory, 

iii) Physioochemical factors s Temperature of both 

air and water was measured using an ordinary Centigrade thermo­

meter. Water temperature was recorded by dipping the thermometer 

just below the vrater surface. Air temperature was measured by 

holding the thermometer in air and care was taken to avoid 

falling of direct sunlight. 

pH was measured using a portable pH meter in the 

field and also in the laboratory with a standard pH meter.Since 

the samples were brought to the laboratory almost immediately, 

there was not much appreciable change between the two readings. 

Hence in the later part of the study field determination was 

avoided and the pH was taken only at the laboratory.Conductivity 
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values were detenained at the laboratory with the help of a 

Standard Conductivity meter. Data on humidity, rainfall and 

maximum and minimum temperature were collected from the 

Shillong IJnit of Meteorological Survey of India, Analysis of 

dissolved oxygen, carbon dioxide, alkalinity, phosphate, nitrate 

and silicate were conducted einploying the Standard Methods 

according to APHA (1967). 
i 

Dissolved oxygen was determined by the modified Wiiikler's 

method, Free carbon dioxide was measured by titrating 50 ml of 

water sample against H/4-4- NaOHu3i|ag Pheaaolphthalein as 

indicator. As-carbon dioxide is known to escape rapidly from 
1 I 

the water surface analysis waajmade at the field itself. Por 

analysis of both carbonate andbic^bonate alkalinity, 50 ml of 

sample was titrated against N/70 HCl using Phenolphthalein 

and Methyl Orange solutions as indicators. The dissolved 

inorganic phosphate content was analysed colorimetrically by 

the Stannous chloride reduction method. The nitrate-nitrogen 

was determined colorimetrically by phenol disulphonic acid 

method. The amount of silicate present in the water was measured 

using the oolorimetriosilicomo''lybdate,method,i,, 

The Similarity Index for oladoceran fauna was computed 

following S9f!rensen index (QS) using the forraulal 
20 

^ a •-,rr---. » Where 'C represents the number of 
a + b I 

similar species between the two habitats, while *a* and 'b* 
represent the number of species recorded in the two habitats. 
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Before the hydrographio data are presented for 

individual systems, it is thou^t relevant to provide 

meteorological information of Shillong area for the total 

study period (Table-1, Pig.-l). It will be seen that the 

minimum air temperature ranged between 4«5°to 18,1°C while 

maximum temperature ranged between 15.4° to 24* 5^0• Similarly 

the mean humidity values fluctuated between 57.0 to 89*00^, 

while the rainfall was from a minimum of o,o mm recorded 

during January, 1978 to a maximum of 453.40 mm in May, 1977. 

The following are the hydrographical features of the various 

systems investigated, while in a map of Shillong (Fig.2) the 

location of different systems has been shown in a serial 

order. A.1S0 the actual photographs of the investigated systems 

are presented serially in Plates - 1 to xiil • 

System-! 

Located behind St, Anthony's College hostel in the 

vicinity of the Don Bosoo Sdiool. This is a shallow irregular 

pit with coarse sandy bottom. It is about one year old, 

artificial system with a total area of 22 sq m , The basin 

gradually slopes towards the centre having a maximum depth of 

0,90 m. The average depth \-fa3 0,55 m. The vegetation was 

i^presented by shore line flora mainly belonging to the 

members of Family Poaceae, 

System-II 

This is a small artificial pond located close to System-I 

file:///-fa3
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in the same locality. This is a rectangular pond fed by an 

underground spying and used for the purpose of rearing fish. 

©lis system is of recent origin and approximately 3 years old 

and of pergonial nature. Total area of the system is 597.72 sq m 

with the length and breadth being 24.40x 16,30 m' , The basin 

shape is irregular with coarse sandy and rocky bottom. Maximum 

depth was found to be 2.14 m with an average of 1,53 m '. The 

main water body was devoid of any vegetation though the aquatic 

plants belonging to the genera Polygonum and Bulbostylis 

vrere recorded which were usually confined to ozie comer of the 

pond. ^ 

System-Ill 

\ 

A small pond located within the precinct* of the Geological 

Survey of India at the New Colony locality. This pond was 

originally dug about 2 years ago for the purpose of collecting 

soil for construction works. When this pit was filled with 
i 

r a i n water, i t was f e r t i l i s e d with a view to grow f i s h e s . Tap 

water was fed i n t o i t during winter season. The shape of the 

pond i s more or l e s s rec tangular with the average length and 

breadth being 7.12 m and 4.19 m respec t ive ly . The t o t a l area 

wais 29«84 sq m . The bottom shape was more or l e s s f l a t and 

completely sandy with a depth of 3,85 m • No vegetation v; as 
\ 

present in this systems 

^sim=M. („„aiak,) 
This system is located behind the Shillbng C:|.iib,adjacent 
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to the Shillong main road. This is a permanent pond stocked 

with 0ult\irahle fishes and extensively used for recreational 

purposes. It is the largest of the surveyed systems with a 

total area of 23800 sq m and with a maximum depth of 6,00 m 

while the average depth was 3,40 m , It was constructed as 

eaorly as 1894 out of what was originally a swampy area, 

Detailed morphometry and vegetational association of this 

system has been dealt with in Ra;iic - II as this was oiB of 

the systems chosen for detailed biological studies on Oladooera, 

&ystem~V 

This is a small perennial pond situated adjacent to the 

Shillong Cricket Oluh at the Polo Ground locality. This is a 

somevfhat irregular impoundment, fed by a drainage from the 

Polo Bazar area and having an outlet at its other end. The 

total Eirea of the system was 185.67 sq m with an average depth 

of 0,71 m. Maximum depth recorded was 1,12 m and this sĵ stem 

had a muddy bottom. Ho recorded' data is available either of 

its origin or age though the local people attribute its origin 

to the cutting of soil for repair work of the club house. Both 

the inlet and the outlet are almost defunct except during the 

rainy reason, 

Vegetational association in this pond was quite rich and 

the aquatic and marginal plants recorded were; Monoohoria 

has tat a, Vallisneria sp,, Iisersia hexandra, Spirpus ereotus, 

Polygonum hydropjper. Altemanthera sessilis, 
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System^YI 

A small pond located in the Golflink locality. This is 

a square shaped pond with a total area of 84»63 sq m having 

an inlet of 0.80 m width. Its bottom is flat and muddy with a 

maximum depth of 1.00 m, while the mean depth was found to he 

0.67 m . Vegetational association of the pond was represented 

by t Brasenia peltata, Yallisneria sp., Chara sp., Car ex sp., 

Scirpua sp. and Utricularia sp. 

Sy3tem*YII 

Ihis is a irregular swampy system located in the Golflijak 

area near the Golf road. It is fed hy a small canal from the 

direction of the Golf Club which passes through tlie pond and 

emerges on the other side* Before entering the pond the canal 

forms a large swamp which dries up during the winter months. 

The maximum length and breadth of the system was 25.00 and 

14.71 m respectively* The maximum depth was 0*85 m at the 

centre while the mean depth was 0*59 mi The approximate total 

area of the system was 202^05,3q m* This pond was devoid of 

any vegetation in the centre althou^ the littoral zone was 

inhabited by gallisneria sp.j Chara sp., Rotala rotundifolia« 

Qyperus sp and Eriocaulon sp* 

aystem«>VIII (Nam Ka Brin Pond) 

This pond is situated close to the G.S^Road at the 

Mawlai locality* It is a triangular pond with a total area 

of 1737'.'37 sq m having a maximum depth of 3.35 m and the mean 
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was 2.02 m. The origin of this pond is reported to have heen 
•Ooi-

due to digging of soil, road construction; the alternative 

view is also held^it represents a former old "perennial system, 

However, at present it is totally rainfed and dries up 

completely during the winter season. There is no inlet or 

outlet to this system. The depth measurement given here was 

measured during the monsoon season. The "bottom of this pond 

is muddy and generadly deepens at the central region. The main 

water body is without any vegetation thou^ Vallisneria spp., 

Chara , Rotala and Ammania were recorded from the littoral 

region. 

System-IX 

This pond is located within the Lady ifyderi Park situated 

at the Barrilc locality. It is a shallow hog formed adong the 

course of a small stream passing through the park. It is more 

or less triangular in shape v;ith a length of 20,3 m. Maximum 

and minimum hreadth are 8,00 and 5.33 m respectively. The 

average hreadth is 5.67 m with a total surface area of 115.10 

sq m. The average recorded depth was o,72 m. The contour of the 

pond shows that it is deep in the centre X'/ith a rodsy hottom 

encrusted v/ith periphyton. Submerged bushes of Rotala 

rotundifolia and Ammania, multiflora were recorded. 

System-X 

This system is also located in the same area as that of 
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the previous pond. It is a small rocky permanent pond more or 

less oval in shape. The total surfaoe area is 211.50 sq m, 

Maximum depth recorded was 1,50 m and it is deepest in the 

centre. Water from a tap aad rain water are the two major 

sources of water, Ho inlet or outlet is present and the average 

depth recorded was o,92 m, Vegetational association as found 

consisted of Rotala rotundifolia , Brio caul on sp.» Cyperus sp., 

Primbystylis dicotoma. Juncus prism'atocarpus and goly^onum sp, 
I 
1 * 

System-XI 
t 

IPhis system i s located i n the area of Lady Ifydori Park, 

I t i s approximately of semilunar shape, a r t i f i c i a l i n nature 

with a s ingle i n l e t and an o u t l e t , The bottom i s f l a t and muddy 

a»d, one of the hanks i s made up of concre te . The t o t a l surfaoe 

area i s 2557*92 sq m , The maximum depth recorded was 0,87 m 

and the average depth was 0,56 m • One of the s ides v/as densely 

populated by macroph3rtic vegetat ion represented by Al temanthera 

s e s s i l i s . Î lymphaea s p . . Chara spp«. Scirpus s p . . PolV^onum s p . . 

P . hvdropiper. Brio caul on s p . and Rotala rot iandifol ia , 

Syatem-XII (Lady Hyderi Park pond) 

It is an artificial impoundment* rectangular in shape 

with 2 parts • one being more shalipw than the other. The 

water flows into it through an iiaet while the outlet is almost 

nonfunctional for the greater part oi season, A number of 

aquatic birds belonging to different genera and families are 

kept in this pond area for recreational purposes. The total 
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area of the pond was 1075.08 sq m, the average length, "breadth 

and depth being 105.40 m , 10.20 m and 0,75 m respectively. 

This is again a study area for the population of Oladocera 

and hence details of vegetation and morphometry have been 

dealt with in Part II. 

System-XIII 

This is a small pond with cemented shores, rectangular 

in shape and heavily weeded in nature, This is connected to 

System-iXLI and has an outlet leading to a small canal. The 

length and breadth of the system were 29,94 m and 5.61 m 

respectively and the total area was 108.10 sq. m . The shape 

of the bottom was flat and the maximum depth recorded was 

only Oi50 m • The associated weeds in this pond were 

^Iternanthera sessiliSj Nymphaea sp. and Leersia hexandra. 

System-XlV 

located in the Lady Ifyderi Park area. This is compara­

tively deeper pond, with a more or less round shape. The total 

area of the pond was 675,53 sq m . The depth contours indicated 

more or less flat profile with a muddy bottom. Depth was more 

at the central region and the maximum value was 5*12 m. There 

is only one inlet which is connected to this system-, • It had 

a rich aquatic flora composed of Nymphaea. Rotala rotundifolia 

and Isaohaemum sp, 

The following systems (Ho,X7 to XXIX) .ai-e all located 
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in the Pish Dale belonging to the department of fisheries* 

Government of Meghalaya. !l!hese ponds axe of the same depth 

( 1.50 m ) and their bottom surface is flat in nature. 

System* xy 

This system actually consisting of two ponds is 

located in the Fish Dale Complex of the Crovemment of Meghalaya, 

situated at the Paniits Garden locality (Pig.I, System-XV). 

These ponds are used for either nurseiy or for breeding 

purposes. These are artificial ponds, more or less square in 

ghap©^ Sinoe both of these ponds are interconnected they were 

always sampled as one unit and their total area were 89.89 sq m 

and 99»00 sq m respectively. The vegetation consisted of species 

such as Altemantheria sessjlis. Ammania multiflora, S>cirT;)ua sp. 

Rotala rotundifolia and Yallisneria sp-. 

SystemrXyi 

Located at Pish Dale, Two interconnected ponds 

represent this system* The size of the ponds are 61.90 sq m 

and 83,35 sq m , both approximately of square shape. The 

vegetation consists of Soirpus sp,, Cyperaa sv* and Bulbostylis 

spw 

Svstem»XyiI 

Located at Pish Dal©, This is an artificial stocking 
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pondj more or l e s s rectangulax i n shape with big boulders 

l i n i n g the s ides i I t s average length and breadth are 54 •24 m 

and"45*It m respec t ive ly and the t o t a l area i s 2447»23 sq m* 

Ihe vegetat ion of t h i s pond included Polygonum s p . .Junous s p . 

azid Se lag ine l l a s p . 

&ystem»xyill 

Situated at Pish Bale area* It is .a stocking . , 

pond, irregular in shape with an average length and breadth 

of 48.g^ m and 38*1 m respectively, fhe total area calculated 

waa 1864*61 sq m* The associated flora was represented by 

Polygonum sp., Junous sp*'i Arundinella bengalensis and <• 

Oapellipedium assamlle. 

Systeiii«>3n:x 

Location, same as above* The shape of t h i s pond was 

i r r egu la r* I t i s a s tocking pond with i t s length and breadth 

being 50«90 m and 38.10 m respect ively* The t o t a l area of the 

pond V7as 1.939.35 sq m* I t s s ides are l ined by big boulders and 

and devoid of any vegetat ion, excepting some species of Mosses. 

System*-*XK: ^ , 

Location: Pish Dale*\Shis is an artificial nursery-

oiaa-brceding pond of more or less square shape with a total area 

of 85*72 sq m and the length and breadth were 9*20 m and 9*10 m 

respectively. The maorophytes were represented by Galinsoga 

file:///Shis
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parvif lora* l i n d e m i a s p , , Rotala r o tund l f a i l a and Agaratma 

oonliSQides • 

System*XXI 

Locationj Pish Dale, ©lis system is artificial and 

rectangular in shape used as ntirseiy and breeding pond with a 

total area of 526.66 sq m (length into hreadtht 27.43 x 15.20 m). 

Vegetational association was represented hy Digitaria spp* » 

Yallisneria sp*,» Oyperus sp., Anunania sp., Soirpus sp»» and 

Botala sp.'«t 

Sy3tem*-xni 

Location* Fish Dale. This i s a more or l e s s square 

pond which has a t o t a l area of 145.08 sq. m (Length x Breadth? 

15*41 X 10.67 m). Ih© nature of vegetat ion was same as t ha t 

of Syatem-XXI. 

Sys.tem*XXilI 

Looationi Fish Dale* This i s a nursery pond with 

a t o t a l area of 197*45 sq. a (Length x Breadtht .25.91 x 7*62 m) 

with the same vege ta t iona l oon^osition as t h a t of the previous 

pond*. 

System^ XXiy 

Locationj Pish Dale,. This pond i s ii^ctangular i n 
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^hape with a total surface area of 327.79 sq m* ( Lezigth x 

Breadth! 24.50 x 14.02 m) which is used aa a nursery or a 

breeding pond. 2he macrophytio complex more OT less resembles 

that of the System*XXI. 

SystemyXXy 

Iiooationj Pish Dale, !Ehe shape of the pond is 

approximately squarish (Length x Breadths 12,80 x 10,06 m) 

with a total area of 128,77 sq m. Ihis system is also used 

for the dual purpose of a nursery and a breeding pond, 2?he 

floral" association of this pond resembles that of System*XXI, 

Syatem^XXyi. 

Locationj Pish Bale, ©lis is a more oy less square 

pond with a total area of 200.86 sq m (Length x Breadth s 
ft " 

15.24 X 15,11 m), used as a nursery as well as a breeding 

pond, SIhe associated vegetation of t h i s pond was closely 

similar to that of System*XXI., 

Iiocationj Pish Bale. Ihis i s a breeding pond 

26,21 m loJig and 9.14 m broad, Olhe to t a l area of the pond was 

259'.56"sq m. She pond bottom was f l a t and had a depth of 1,50 m 

with the sides formed of cemen t̂ed wall,, llh^ vegetation consisted 
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of Iteersia hexandra» P i g l t a r i a sp», Rotala ro tundi fo l ia . 

Soirptts ereotus « 

&ys-tem«XgyiII ^ 

(? 

Location « Pish Dale, The shape of t h i s system i s 

square with a t o t a l surface area of 197»43 sq m (Length x 

Breadths 14*02 x 14*53 m)* This pond is also used for either 

nursery or breeding purposes* The floral composition consisted 

of Amaania, multjflora. Rotala rotundifolia and Soirpus- sp, 

ayatem«XXI3C (I'ish Dale pond) 

This is a cemented pond, rectangular in shape 

with a total area of 102*88 sq mj the length and breadth being 

12»56 and 8,25 m respectively. The detailed morphometry of 

this system has been given in Part-II in connection with the 

studies on the bijology of the Oladooera. 



P^ffi-I 

XX. PHmXCOGREMIOAL PHaPEHTXES. A ^ CLADOOBBAN PAUHA 
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Before the Gladooera fauna of individual systems are 

presented* the total number of species recorded during the present 

investigations has been funoished^ Camera luoida diagrams of 

different species are shown in Plates xiv "̂ ^ xvi • ̂ ^s during 

the present studies, a total of 25 species of Cladocera were 

recorded of which 2 helonged to Sididae, 7 to Daphnidae, 2 to 

Maorothricidae^ 1 each in Moinidae and Bosminidae v/hile Ghydoridae 

was represented by 10 species as shown belowj 

Family I Sididae 

Sida orystallina (OiPiMuller,1875) 

Diaphanosoma excisum Sars,1885 

Family i Daphnidae 

IJaphnia lunflioltzi Sarsr1885 
Daphnia sp» 
Qeriodaphnia oomuta Sars* 1885 

Soapholeberis kingi Sars,1903 

Simpoephalus vetulus M^^WM^Mg^^) 

iSimJDcephalus exspinosus (Koch, 1841) 

Simbeephalus serrulatus (Koch>1841) 

Family : Moinidae 

Moina miorura Kurz,1874 

Family ? Macrothricidae 

Maorothrix latioomis (Jurine* 1820) 

Ilyoor3rptus spinifer Herrick^ 1884 

Family t Bosminidae 

Bosmina longlrostris (OiFiMullerj1785) 

Family t Chydoridae 

Chydorus aphaerious (OiFiMuller,1785) 
pSaudochydorus globossus (Baird, 1893) 
;Bia|)ertura affinis (teydig, I860) 
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Alona sp. 

Leydigia australis oylonioa Daday,1898 

Alone11a excisa (Pisoher» 1854) 

Alonella nana (Baird, 1^50) 

Pleiiroxus sjmllla (Varva, 1900) 

Aoroperua harpae (Baird, 1854) 

Camptooercus australis Sars, 1896 

Results on the seasonal fluctuations in the physico-

chemical factors and the composition and seasonal distribution 

of cladoceran species have been presented here for individual 

systems. 

System-I : 

This tenrporaiy pond was surveyed for 6 months only, 

after which it completely dried up. Physicoohemical properties 

of this pool is furnished in Table-2a. Water temperature was 

always less than that of air temperature and the former 

fluctuating between 12° to 22°C, pH ranged from 5*5 to 6.9 

with highest in the month of December, 1976. Highest conductivity 

value was obtained in the month of August, 1976 (94»5 Aimhos/cm) 

and the lowest recorded value was 77*7Aunhos/cm. The range of 

dissolved oxygen, free carfeon dioxide and alkalinity varied from 

7.4-̂  10.4 mg/l, 3,8 - 9»0 mgA and 10*6 - 28 mgA respectively. 

Dissolved phosphate was always below 0«7 mgA- Nitrate values 

ranged from d'^l - i,25 mgA* The silicate concentration was 

found to vary l̂ etween 4.53 - 6.14 mg/l, 

Only 2 species of chydorid cladoceran were recorded. 
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Both these species occurred during all the 5 collections 

(Table*.2b)« . 

Tal)le-2b j Showing species composition and seasonal distribution 
of Cladocera in System̂ -1 (August, 197<5 to June, 1977) .• 

I I ii I 

Species 1976 1977 

&ug« Oct.Dec* Peb» Apr. Jun. 

Family Chydorldae 

Chydorus sphaericus 

Alonella excisa 

System dried 

•f • 
-V^ M . . ^ 

I I * II I 

System|-II > 
i 
The physicodiemical p roper t i e s of t h i s system has been 

furnished i n Table^-Ja. fhe water tenqoerature was l ess or equal 

to the air temperature* pH remained acidic throughout the study 

period with the value ranging from 5.4 - 6.t« Hi^est conductivity 

value was recorded in the month of February^ 1977 (7&r>=l2 Aunhos/om). 

Hi^est oxygen and carbon dioxide values were obtsiined in the 

montlBof August, 1976 (10«4 mg/1) and April, 1977 (t5«6 mg/1) 

respectively. Carbonate alkalinity was never recorded v/hile the 

bicarbonate values ranged from 9.2- 29*32 mgA "With the hi^est 

in the month of June^ 1977. Highes* values of phosphate,nitrate 

and silicate were recorded during the months of February, 1977 

(2*5 mg/1), October, 1976 (3*5mg/l) and February, 1977 (9.13 m^'O 
respectively. 
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Table*2a t Showing the seasonal changes in the physicochemioal 
factors of System-I (August, 1976 to a!June# 1977). 

Factors 
Aug . Oct. 

Ji22L 
T̂ eo. febT Api# June. 

Temperature 
(OO) 

Air 
Water 

pH (uni t ) 
Conductivity (ojinhosycm) 
Dissolved oxygen (jngA) 
Carbon diojgple (mg/1) 
Alka l in i ty (mgA) 
Phosphate (mg/l) 
N i t r a t e (mgA) 
S i l i c a t e (mg/l) 

25.0 
21.0 

5.9 
94.5 
7.4 
9.0 

10.6 

0.62 

0.75 
5*27 

18.0 
17.0 

5.5 
86.2 
7.6 
5.8 

15.8 
0.65 

1.25 

4*55 

9.0 
8.0 

6.9 

77.7 
10.4 
5.8 
28.0 

0.45 

0.51 
6.14 

System dried up 

Table-5a % Showing the seasonal changes i n the physicochemical 
f ac to r s of S.ystem<»II (August, 1976 t o June, 1977). 

S'aotors Ji26. J i lL 
Aug. Oct. Deo. Peb. Apl. June 

Temperature 
(OC ) 

Air 
Water 

pH (uni t ) 
Conductivity (/umhos/cm) 
Dissolved oxygen (mgA) 
Carbon' dioxide (mg/l) 
Alka l in i ty (mgA) 
Phosphate (mgA) 
n i t r a t e (mgA) 
S i l i c a t e (mgA) 

19.0 
22.0 

5.8 
67.55 

6 3 0 
7.2 
9.12 
0.75 
5.00 
5.27 

25*0 
19.0 
5.4 

50.92 
11.28 
10.4 
9*20 
0.87 
5.50 
8.78 

10.0 
10.0 
5t.6 

67.20 
8*00 
5.2 

14.00 
0.56 
5.15 
4.59 

19.0 
16.0 
6.1 

78.12 
10.49 
5.2 

22.20 
2.50 
2.15 
9.15 

22.0 
19.0 
5.6 

69.50 
5.28 

15.6 
26.80 

1..05 
1.55 
5.79 

24.0 
25.0 

5.9 
65.50 
8.20 
6.8 

29.52 
0.91 
1.90 

•5.27 



Only one species ofCladooera was recorded i n t h i s 

f reshly dug out pond (Table-5b) , 

Table«5b s Showing species composition and seasonsa d i s t r i b u t i o n 
of caadooera i n System*!! (August,1976 to June,1977). 

Species 1976 1977 
Aug, Oct. Pec* Feb* Apr. Jun* 

Family (Jhydoridae 
Chydorus sphaericus 

I ii I [ I I I I 1 1 1 1 

System-!!! s 

Results of the analysis of physicochemioal factors 

have been given in Table«-4a* Water temperature was found to be 

less than that of the air temperature. pH was slightly alkaline 

except in the month of February, 1977 (6.8) and varied between 

7.3 - 7.9» Highest value of conductivity was recorded in the 

month of October* 1976 (126 Aunhos/on) and the lowest value was 

found to be 52.29 Aunhos/cm in the month of April, 1977. The 

ranges in the values of oxygen, carbon dioxide, alkalinity , 

phosphates^ mitrates and silicates were $ 

Oxygen s 8.16 - 15.56 mg/1, COg j 2.4 -4»8 ing/l» 

Alkalinity t 23*80 - 48,00 mg/1. Phosphate 8 1 - 4.0 mg/1, 

Nitrates j 0.20 * 0.90 mg/1 and Silicates j 4.87 - 15.80 mg/1* 

The oladoceran fauna was represented by 5 diverse 
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species namely, Scapholeberis kingl. Moina mi crura and 

Bosmina longjrostris belonging to the families Daphnidae, 

Moinidae and Bosminidae, Their seasonal distribution have been 

given in Table-4b,» 

Table->4b j Showing species composition and seasonal distribution 
of Oladooera in System-Ill (August, 1976 to June0l977). 

Species 1976 1977 
e\xgk uoti Deo. jfeb.AprAJuh. 

Family Daphnidae 

Scapholeberis kingi - 4. - - HK 

Family MoiMldae 

Moina fl^'orura + + - + -

Pamily Bosminidae 

Bosmina longirostris + • - • + 

System^IV (Ward Lake)- s ,..̂ -̂. -̂  _. . . 

Results on the physiooohemical analysis are given in 

Sable»5a. The air and water temperatures varied within a limit 

of 1°C with the highest water temperature being 25°C in the 

month of June, 1977 and the lowest during December, 1976 and 

February, 1976 (16°C). The pH ranged between 6 * 7 . Highest 

conductivity value was in the month of October, 1976 and the 

variation was between 66,66 - 76,19 Aunhos/cm, Dissolved oxygen, 

carbon dioxide and alkalinity ranged bet̂ r̂een 6,58 - 10,55 mg/1, 

4,25 - 9«88 mg/1 and Î .TO - 3O.6O mg/1 respectively. The 
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3!able«'4a j Showing -the seasonal changes in the physioochemicai 
factors of SystenH-III (August, 1976 to June^ 1977) 

Paotors 

femperature "̂Ssfep 
(OQ) Water 

pfi-tipei>;r.;.-:-
Conctuctivi"^ CflamJiQ̂ '/'CTi) 
Dissolved osygen (mg/i) 
Qarbon d i o ^ d e <mg/'i) 

^Uta l in i ty (mg/l) 
Phosphate (mg/l> 
Ni t ra te (mg/il) 
S i l i c a t e (mg/l) 

1976 1977 
Aug* Oot* Dec* Feb* Apl* 

22.0 22*5 8,5 2220 25*0 
21.0 18,5 8.0 16.0 21.0 

7.6 7.9 7.5 6.8 7.4 
112.15 ia5';00 97.15 54*92 52.29 

8,50 8*40 8.16 10*20 15.56 
2.60 2.40 2.40 4.80 2.80 

' 25^80 29.60 ) ^ 0 P ^ . ^ 30>.OO 
4.00 5*00 t*00 2.25 2.58 
0.65 0.90 0.50 0.25 0.20 
4.87 4^92 5.27 9.15 15.80 

June. 

24.0 
22*0 

7.3 
87.20 
8.40 
2.60 

29.40 
2.12 
0.20 
5.27 

3!al)le*5a s Showing the seasonal changes in the physicochemioal 
factors of System*I7 (August| 1976 to June, 1977). 

Pactore 

ajeniperature Air 
(oc) Water 
pH (uni t ) 
Oonductivitgr C'umhos/dm) 
Dissolved oxygen (mg/l) 
Carbon dioxide (mg/l) 
Alka l in i ty (mg/l) 
Phosphate (mgA) 
n i t r a t e (mg/l) 
S i l i c a t e (mg/l) 

1976 1977 
Aug, Oct. Deo, I^b . Apl, 

25.5 22,8 17.0 19.0 22.0 
25.0 25.0 16.0 16.0 20.0 

6.45 6.16 6.59 6.57 6.59 
74.94 76.19 67.59 66.66 71.57 
10.53 6.58 7*54 8*85 7.66 
8.07 4.25 4.80 9.87 9*88 

29.93 17.70 28,05 22.40 50.60 
0.56 2.05 1.59 1.13 1.68 
0.30 0.65 0.79 0.85 0.74 
5.52 1.45 1.85 2.95 1.41 

tTuns. 

26.0 
25.0 
6.28 

72.14 
8.58 
9.00 

29.45 
1.00 
1.52 
1.54 



a 

Tablei*5b s Sliowing species oompositicai and seasonal distribution 
of Oladooera in System-IV 'i Augustî , 1976 to June, 1977) 

Speoiea 1976 ' - -1977 
Aug. Oct. Deo* Pebrf Apl. Jime. 

Pamily Sididae 
Sida orystallina 
Diaphanosoma excisum 

Family Daphnidae 
Daphnia lumholtzi 
Ceriodaphnia oomuta 
Soapholeberis king! 
Simooephalus exspinosus 
Simocephalus soiTulatus 

Pamily Macrothricidae 
Ilyocryptus spinifer 

Pamily Moinidae 
Moina micrura 

Pamily Bosmlnidae 
Bosmina longiroatrie 

Family Chydoridae 
(Jhydorus sphaericue 
Biapertura affinis 
Alona spf 
Alonella excisa 
Alonella nana 
Pleuroaus similis 
Acroperus harpae 
Oamptocercus australis 

+ + 

+ + + + + -

4- <4- + • • ••' 
- • • -•• • * 
- • + -f -f • 
• + •f -f + • 
• • • + -f • 
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amoiants of phosphates, niiirates and silicates varied 'betvieen 

0.56 - 2.05 mg/lf 0.8 - 1.52 mg/1 and 1.41 - 3-52 mg/1. 

Ihis lake was the largest of all the systems surveyed 

and exhibited the maximum number of cladoceran species. There 

were two species of S-ididae, five species of Daphnidae, one of 

Moinidae, one of Bosminidae, one of Macrothricidae and ei^t of 

Chydoridae with a sum total of eighteen species. The details of 

the species composition and their seasonal distribution have 

been shown in lable-Sb. 

System-V t 

The readings recorded on physiooohemioal factors is 

furnished in Table-6a. Water temperature was found to be always 

lower than the air temperature. The range of pH value was 

5*1 - 6.2* Conductivity value was highest in the month of 

February, 1977 and the metximum and minimum range was 79*50-173.5 

/umhos/cm* Dissolved oxygen* free carbon dioxide and alkalinity 

ranged between 3.24 - 9.76 mg/1, 4.6 - 18.2 mg/1 and 14.00 -

39*60 mg/1 respectively. The inorganic phosphates, fjnitratfi-* 

nitrogen and silicate values were 1.23 - 3.75 mg/l» 0 - 0,45 mg/1 

and 3«19 - 7.02 mg/1. 

Oladocera fauna has been represented by 2 species of 

Daphnidae, 1 species of Macrothricidae and 5 species of 

Chydoridae. Their seasonal occ\irrence are sh<5\;J5î'iih T"able-6b< 

k 
% 
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Iable*6a s Showing the seasonal changes in the physioochemical 
factors of System-V (August, 1976 to June, 1977). 

1976 _ 1977 
Paotors "Sagl—O^tz—Dso. ' TStn—s^,—June, 

Temperature Air 26.0 21.0 16,0 18,0 24.0 26.0 
(OC) Water 24.0 19.(̂ ' 10.0 16.0 23.0 24.0 

pH (unit) 6.0 5.7 6.4 5.9 6.2 6.1 
Conductivity Oumhos/om) 84.00 78.96 1155017 3.50 86.10 79.50 
Dissolved oxygen (ing/1) 6.80 8.00 3.24 4.24 9.76 4.60 
Carbon dioxide (mg/1) 7.80 4^60 6.60 18.20 8.40 11.20 
Alka l in i ty (mgA) 14.00 15.40 39.60 36.20 30.00 27.60 
Phosphate (mgA) 1.23 2.25 1.88 3.75 3.75 3.75 
Ni t r a t e (mg/1) - 0.45 0.10 O.3O - 0.10 
S i l i c a t e (mg/1) 3.19 5.27 3.51 3.51 7.02 3.51 

Table-6"b 3 Showing species composition and seasonal d i s t r i b u t i o n 
of Cladocera i n System<-V (August, 1976 t o June, 1977) . 

Species 

Pamily DaphiiidaQ 
Simocephalus exspinosus 

Pamily Maorothricida© 
Maorothrix la t ioomia 
Ilyooryptus spinifer 

Pamily Ohydoridae 
Ohydorus sphaericus 
Biapertiq?a affinis 
Pleuroxus simiUs 
Aoroperus harpae 
CamptocGrous aus t ra l i s 

Aug. 

• 

• 
-

•¥ 
+ 
• 
-

1976 
Oct* 

+ 

•* 
+ 

• 
• 
Urn 

• 
••• 

B ^ * 

+ 

.* 
• ^ 

^ 
+ 
«»• 
4-

+ 

PeTt). 

"* 

«« 
mm 

• 
• » • 

+ 
• 
• 

1977 
Apl. June. 

• 

* ••• 
«» •> 

"f • 
• • 
m. « 

^ •» 
• -
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System-VI t 

RQcords of phyBiooohemioal data have "been presented in 

!Dal3le-7a. pH and conductivity of water did not show much seasonal 

variations and have ranged between 5.98 - 6.70 and 19*95 to 

26.57AWihos/cm. The ranges of variation in oxygen, carbon 

dioxide, alkalinity phosphates, nitrates and silicates were t 

Oxygen - 5.20 - 10.68 mg)Cl, carbon dioxide • 4.8 - 9i6 mg/1, 

alkalinity * 14.25 *26.29 mg/lt phosphate - 0.78 - 4.12 mg/i, 

nitrate - 0 - 0.20 mg/l and 3.51 - 7.02 mg/l.fpr silicate. 

Oladocera fauna was represented by one species of 

Daphnidae and 3 species of Chydoridae as, shown, in Table-7b. 

System-VII s 

Data on the physioochemical factors are shown in 

Table-8a. Except in the month of August, 1976, water temperature 

was always lower than that of air. pH was variable- and ranged 

from 5.45 to 6.95 imits. Conductivity value was rather low 

ranging between 15.75 - 22.68/umhos/cm. Sange of oxygen concen­

tration was 6.84 to 9*72 m ^ l . Carbon dioxide ranged from 4.20 -

11.80 mg/1 and the range in alkalinity was 8.40 - 17.60 mg/1. 

Dissolved nutrient substances such as phosphates, nitrates and 

silicates varied as s 

Phosphate - 0 * 3.63 mg/1, Nitrate- 0 - 0.12,mg/1. Silicate -2.63 

«* 8.43 mg/1. 

Only 4 species of Chydoridae were recorded from this 
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Table-Ta t Showing the seasonal changes i n the physicoohemical 
fac tors of System-VI (Augustt 1976 t o June, 1977). 

Factors 

Temperature Air 
(oc) Water 

pH (uni t ) 
Conductivity Oumhos/om) 
Dissolved oxygen (msA) 
Carbon dioxide (mg/l) 
Alkal in i ty (mg/l) 
Piiosphate (mg/l) 
Ni t r a t e (mg/l) 
S i l i c a t e (og/ l ) 

1976 1977 
Aug, Oct* Deo* Peb* Apl, . 

24*0 21,0 18,0 18*0 22*5 
22*0 20*0 10.0 16*0 23*0 

6.70 5*98 6*80 6*70 6.50 
19*96 26.25 22.58 23*20 26.57 
3*20 4*66 4.84 7*60 10*68 
7*62 8.42 4.80 5*20 9.60 

26*29 14*25 17*60 22,50 18.60 
0*78 1.04 2*25 4.12 3.13 
0.10 0.20 0.20 0.15 
5*18 4.87 3.51 3.51 7*02 

June. 

No 
analysJ 
oarriec 
out 

Tahle-7b s Showing species composition and seasonal d i s t r i b u t i o n 
of Cladocera i n System-VI (August, 1976 to June, 1977) 

Species 

Family Daphnidae 
Simocephalus exspinosus 

Family Ohydorida© 
Ohydorus aphaerious 
Pke^udochydorus globoasus 
Biapertura a f f i n i s 

Aug, 

* 

• 

•f 

•*• 

1976 
> Oot* Deo* 

•fr * 

• • 

# 

"I- • 

1977 
Peb* Apl. June 

• - + 

••• • • 

- - • 

• * • 
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!Dable-8a s Showing the seasonal changes i n the physicochemical 
f ac to r s of System-YII (August, 1976 to Jime, 1977). 

Factors 1976 JSIL 
Aug* Oct* ]}ec* Feb*- Apl* June 

Temperature 
(OC) 

Air 
Water 

pH (unit) 

Conductivity Oumhos/cm) 

Dissolved oxygen (mg/l) 

Carhon dioxide (mg/l) 

Alkalinity (mg/l) 

Phosphate (mg/l) 

Nitrate (mgA) 

Silicate (mg/l) 

24iO 19.0 16.0 22*0 21.0 26.0 
24.0 18.0 10.0 16*0 22.0 24.0 

6*95 5*45 6.80 5.60 5.60 6.72 

15.75 22.5822.5818.58 15.96 22.68 

9*72 6.-84 7.74 8*96 8.48 7.92 

4.20 5.00 4.8011.80 11.00 8.40 
8,40 11.2017.60 14.20 15.60 17.20 
0*87 1*38 - 1.75 3.63 2.51 
0*10 - 0,20 0.10 - 0.12 

8*96 8*43 6*15 2.63 7*02 5*27 

Table-8h t Showing species composition and seasonal distribution 
of Oladocera in System-7II (August, 1976 to June, 1977] 

Species 
1976 jsai, 

Augi Oct* Deo if Feb* Apl* June 

Family Chydoridae 

Chydorus sphaericus 

Biapertura affinis 

Alona sp. 

Alonalla exoisa 

• • • • + • 

• + + • -f • 

• + • + + • 
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system as shown in Table«^l), 

System-VIII 3 

This system could lie sampled only from August* 1976 

to December, 1976 for a total of six months period since this 

pond dried up* Ihe data presented heret therefore, represents 

three collections made at every two months interval (Table^9a), 

The water temperature was found to he less than that of air 

ten^erature * ©le pH ranged between 6»3 to 6*78* Variations 

in the dissolved oxygen, carbon dioxide, alkalinity Qyexe t 

5»28 - 9.66, 5«20 *• 6,40 and 25»25 - 59#00 mg/1 respectively^ 

IBhe Oladocera f ouna in this system has been well 

represented v;ith 5 species of Daphnida©, 1 species of 

Bosminidae and 5 species of Chydoridae as shown in Table-9b. 

System* IX t 

The various physicoohemical factors (Table«*19a) 

show that water ten^erature was alw€^ lower in this system 

than that of air* The pH values ranged between 5«55 -* 6*9 

whereas the conductivity value varied from 34«65 to 65.1 

;umhos/cm,. Oxygen, Carbon dioxide and alkalinity ranged between 

4.O8 - 10.16 mg/1, 3.20 * 11.40 mg/1 and 11.00 to 43*20 mg/1 

respectively whereas the variations in the contents of 

phosphates, nitrates and silicates were 0 - 3.78 mgA» 

0.10- 0.55 mgA and 2.63 * 7.08 mgA. 
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!Eable-9a i Showing the seasonal changes in the physicochomioeil 
f ac to r s of System*YIII (August, 1976 to June, 1977). 

Factors Aug,, 
jm t 1977 

ct« Deo« Peh. Apl« June, 

Temperature 
(00) 

Air ' 
Water 

pH (uni t ) 

Conductivity (tunhos/cm) 

Dissolved oxygen (mg/l) 

Carbon dioxide (mg/l) 

Alka l in i ty (mgA) 

Phosphate (mg/l) 

H i t r a t e (mg/l) 

S i l i c a t e (mgA) 

24*0 
2%0 
^.30 

51,*0 
9.66 

3,.20 

22*5 
18*5 
6,52 

42.2 

5.67 
5.40 

15*0 
12*0 
6,78 

53*0 

5.28 
6.40 

2$,.25 34.73 39.00 

Hot analysed 

ĉ'-"̂  

System dried up 

Tahld-gh i Shelving species composition and seasonal distribution 
" of Cladocera in Syst^i^VIII tî |Gst7'̂ 1'976̂ "go Jun^,1977). 

Species ms ^ ,1977 
Aug. Oct. Dec, I eh, Apl. June. 

System dried up 

Pamily Daphnidae 
Scapholeheris kingi • + , • 
SimocephaluB vetulus • • -
Simocephalus esspinosus ^̂  - -

family Bosminida© 
Bosmina tbngirostris • *- • 

Pamily Chydoridae 
Chydorus sphaericus • • • 
Biapertura affinia - • -
Alonella exdsa • • + 
Alonellla nana • • « 
PleuroxuB similis • —' -
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Only 2 species of Oladooera belonging to Daphnidae 

and Qiydoridae were recorded in this pond.(Table-lOl3). 

TatolerlOlj 9 Showing the seasonal occurrence and distribution 
of Oladocera in System-$I (August, 1976 to June, 1977). 

Species 1976 1977 

Aug. Oct*. Deo* feFI Apr* Jun# 

Pamily Daphnidae 

SimocepheLLus 
exspinosus • # . • ** 4- • 

Family Ohydoridas 
Chydorus sphaerious + • • • - < « • 

System-X i 

The physicochemical fac tors have been shown i n 

Table-lia*. Water temperatiire was l e s s* than t h a t of tie 

atmospheric, ©le pH range was found- to be 5.55 - 7 . 1 . 

Conductivity values ranged between 46*20° t o 74.55/umhos/cm. 

The range of va r i a t i on i n oxygen, carbon dioxide, a l k a l i n i t y , 

phosphates, n i t r a t e s and s i l i c a t e s were as follows : 

Oxygen - 7.44 - 9.48 mg/1, carbon dioxide * 4 .8 - 12.4 mg/1, 

a l k a l i n i t y - 12.40 -•36>.40 mg/1, phosphate - 0,13 - 1.88 mg/1, 

n i t r a t e - 0 ,3 * 1.40 mg/1 and s i l i c a t e - 4.39 * 6,14 mg/1. 

Oladocera fauna v/as represented by 1 species of 
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Table-I0a t Showing the seasonal changes i n the physicochemical 
fac tors of System-IX (August, 1976 to June , 1977), 

F a c t o r s 

Temperature Ai r 
(OC) Water 
pH ( u n i t ) 
Conduc t iv i ty Oumhos/cm) 
Disso lved oxygen (mg/l) 
Carbon d iox ide (mg/ l ; 
A l k a l i n i t y (mg/l) 
Phosphate (mg/l) 
N i t r a t e (mgA) 
S i l i c a t e (mg/l) 

1976 
Aug« Oct . 

26*0 18.0 
23*0 15.0 

6»90 5*55 
57.75 34.65 

4 .08 7 .44 
10*60 3.20 
16,00 11.00 

1*50 n 7 5 
0*32 0 .55 
5*21 4*92 

1977 
Dec* Peb» Apl , June . 

18.0 20.0 21*0 26*0 
11*0 17.0 20 .0 24.0 

6.25 6.10 5.90 6.70 
55.65 51.66 65.10 71.31 

6.80 10.16 8.00 5*60 
4.80 11.00 11.40 12*00 

25*60 42*20 36*40 43.20 . 
1.39 - 3*37 3.29 
0.65 0.10 0 .35 0*24 
4.40 2*63 5.27 7.08 

Tat»le-lla s Showing the seasonal changes i n the physicochemical 
f ac to r s of System-X (August, 1976 to June, 1977). 

F a c t o r s 

Temperature Ai r 
(^'O Water 

pH ( u n i t ) 
Conduc t iv i ty ('umhos/cm) 
Disso lved osygen (mg/l) 
Carbon d iox ide (mg/l) 
A l k a l i n i t y (mg/l) 
Phosphate (mg/ l ) 
N i t r a t e (mgA) 
S i l i c a t e (fflig/1) 

1976 
Aug* d o t . 

29 .0 18*0 
24*0 15.0 

7 .10 5*55 
65*10 46 .10 

9i32 9 .00 
7*90 8*40 

13.40 12.40 
0*87 1.00 
0.59 1.40 
5.29 6.14 

Dec. 

18.0 
12.0 

6.05 
50.35 

9*48 
5.80 

2 t . 0 0 
0 .12 
0.70' 
4 .39 

1977 
Feb* Apl* J u n e . 

20 .0 21 .0 23.0 
17*0 20 .0 22*0 
6*60 5*80 5*90 

74*55 52.08 49*35 
7.-44 8.16 8.44 
4*80 12.40 4*90 

36*40 24*40 26.50 
0*87 r*8Z 0*56 
0 .40 1*00 0.30 
3*39 5.27 4.39 

Table- l ib t Showing species composition and seasonal d i s t r i b u t i o n 
of O3.adooera i n System-X (August, 1976 t o June, 1977). 

Species 1976 1977 
Aug* Oct. Dec. Feb. Apl. June. 

Family Daphnidae 
S.oapholeberis k ing i 

Family Ohydoridae 
Alone11a excisa 
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Paphnidae and 1 apeeies of Chydoridae*(Table-Ill)). 

System-XI s 

Data on the physicoQhemical factors of this poM 

has been furnished in Tahle-12a« The water temperature \fas 

found to range between 12°. in December^ 1976 to 24° in June, 

1977* Highest pH value was 6,2 and the range was between 

5«3 * 6.2. Oonduotivity varied between 58.80 - 73«80/Uinhos/cm. 

The concentration of oxygen, carbon dioxide and alkalinity 

Varied from 5 - 12«52 mg/l» 4.20 - 14»80 mgA and 16*00 - 56.40 

mg/1 respectively. The nutrients suoh as phosphate, nitrate 

and silicate varied between 0 •» 2.50 mg/l, 0.10 - 0.50 mgA 

and 5.27 - 9«15 mg/l respectively. 

In this pond 1 species of Daphnidae, species of 

Bosminidae and 5 species of Ohydoridae were recorded during 

different times of the year as shown in Table-12b. 

System-XH % 
\ 

The physicoohemical factors represented in Table-15a 

shown that water ten^erature was alvfays lower than that of 

the atmosphare and ranged from 12^ - 23°0. pH value fluctuated 

between 5.SB to 6.40. Conductivity value ranged from 55•82 to 

84.87 Aimhos/cm* Variations recorded in the concentrations of 

oxygen, carbon dioxide and alkalinity were 4.66 - 9.04 mg/1, 

9.57 - 15.55 mgA and 14.25 - 59.00 mg/1 respectively. 



Table-^2a s Showing the seasonal changes in the physiooohemioal 
factors of System-XI (August* 1976 to June, 1977)» 

Paetora 

Temperature Air 
(oc) Water 

pH (uni t ) 

Conductivity Ounihos/(aa) 

Dissolved oaygen (mg/l) 

Carbon dioxide (mg/l) 

All tal ini ty (mg/l) 

Phosphate (mgA) 
Ni t r a t e (mg/l) 

S i l i c a t e (mg/l) 

1976 
Aug« Oct* 

28,0 21.0 
24.0 20.0 

6.2 5.3 
65.00 66.15 
9.12 5.00 

12.80 4.20 

16.00 19.20 

0.82 0.65 
0.22 0,38 

5.86 9.13 

!Dec. Feb. 

18.0 20.0 
12.0 18.0 

5.8 6.2 

58.80 75.60 

6.80 10.16 

14.80 10.80 

28^60 39.60 

0,31 -
0.16 0.10 

5.27 5.27 

1977 
Apl. June. 

23.0 23.0 
22.0 22.0 

6.2 6.2 

68.78 73.80 

12.32 8.48 
10.20 9.80 
36.20 38.40 

2.50 0.90 

0.22 0.11 

7.02 6.21 

fable-12b s Showing species composition and seasonal distribution 
of Oladocera in Sjrstem-XI (August, 1976 to June, 1977). 

Species 1976 1^77, 
Aug. Oct. Deo. Feb. Apl. June. 

Pamily Daphnidae 
Scapholeberis kingi 

Family Bosminidae 
Bosmina longirostris 

Family Ohydoridae 
Oiydorus sphaericus 
Ple\iroxus similis 
Alonella nana 

•»• «f + + • • 
+ ••• r • + 
4 ^ « « .. -. 



Table»13a t Showing the seasonal changes i n the phyaicoohemical 
fac tors of System-XII (August, 1976 t o June, 1977). 

Factors 

Tenqaerature Air 
(OO) Water 

pH (unit) 

Conductivity Oumhos/om) 

Dissolved oxygen (mg/l) 

Oaxbon dioxide (mg/l) 

Alkalinity (mg/l) 

Phosphate (mg/l) 

Nitrate (mg/l) 

Silicate (mg/l) 

1976 1977 
Aug» Oct* Dec* Feb. Apl, June. 

23.5 22.0 15.0 18.0 21.0 23.0 
23.0 21 ;o 12.0 15^0 19.0 22;0 

6.00 5,88 6.03 6,17 6,40 6,03 

55.82 59.23 73.23 74.97 84.87 70.29 
* J • » 4 

9.04 4.66 5,36 7,00 6.83 4,89 

9,57 10.90 12.95 11.80 9.76 13.55 

29,27 14,25 32,90 32,33 39,00 36,75 

0,78 n04 1,58 1,73 2.18 1,86 

0,29 0,41 0,62 0,10 0.64 0,87 

5.18 4,87 9.17 7.31 8.18 4.83 

Table«»13b t Showing species composition and seasonal d i s t r i b u t i o n 
of Cladooera i n SystennXII (August, 1976 t o June, 1977). 

Species ,, , 1?76 ^ 1977 , 
Aug. Oct. Deo. Feb. Apl. June. 

Family DaphMdae 
Daphnia s p . 
Soapholeberis Kingi 
Simocephalus exspinosus 

Family Bosminidae 
Bosmina longirostris 

Family Ohydoridae 
Chydorus sphaericus 
Biapertura affinis 
Alonella ©xoisa 
Pleuroxus similia 
Aoroperus harpae 

+ 

+ 
•f 
+ 
-
+ 

+ 

+ 
+ 
+ 
* 
+ 

+ 

•f 

+ 
— 
• 
+ 

•• 

• 
-
-® 
«» 

4 

•f 
• 
• 
» 
4-

• 

• 
• 
• 
-
• 
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Phosphates^ nitrates and silicates fluctuated between 

0«78 - 2.18 mg/l, 0,10 • 0*64 mg/1 and 4.83 - 9,17 mg/l. 

A total of 9 species of Oladocera were recorded with 

3 species of Daphnidae* 1 species of Bosminidae and 5 species 

of Chydoridae. Seasonal distribution and occurrence have been 

given in Table-I5b. 

System«XIII I 

Table^Ha a represents the physiooishemical factors. 

Water temperature followed the same pattern as that of 

System̂ -XII.* pH ranged between 5.5 - 6*9* Other parameters 

followed the fluctuation pattern as given belowj-

Conductivity $ 51.45 - 101.22Auiihos/cm, oxygen t 4.0 -9.60 m ^ , 

oanbon dioxide j 4.20 to 9,00 mg/l, alkalinity* 16.00-50.20 

mg/1, phosphates: 0,11 to 5.50 og/lt nitrates* 0.22 to 0,38 

mg/1 and silicatej 2.63 to 6.62 mg/1. 

A total of 4 species of Cladooera have been recorded 

from this system during different seasons. 1 of these belonged 

to Daphnidae, 1 to Bosminidae and 2 caiydoridae (Table-I4b). 

System-XIV j 

Readings of the physioochemical analys is are given 

i n Table-15a • Water ten^era ture weis always found to be lower 

than tha t of a i r , pH range was 5.30 i n Optober^ 1976 t o 

6.70 during August, 1976. Conductivity value ranged from 
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Table->14a s Shofwlng the seasonal ohanges in the physlooohemioal 
factors of .aystem-XIII (August, .1976 to June^ 1977) 

Factors 1?76 1977 , 
Aug. Oct. Bea. Feb. Apl. June. 

Temperature 
(OC) 

Air 
Water 

pH (uni t ) 
Conductivity Oumhoa/cm) 
Dissolved oxygen (mg/1) 
Carbon iHoxide (mg/l) 
AUcalinity ( ag / l ) 
Phosphate (mg/l) 
N i t r a t e (mgA) 
S i l i c a t e (mg/1) 

27,0 22.0 2^.0 20.0 23.0 24.0 
24.0 20.0 10.0 17.0 21.0 25.0 

6 .̂90 5.50 6.10 6.60 6.50 6.50 
51.45101,22 74.55 84.21 75.29 67.51 
4.40 4.00 4.16 9.56 9.60 9.20 
6.70 4.20 9.00 5.60 7.80 8,00 

16-.00 19^.20 40.20 50,20 56.40 33^82 
1.15 1.15 0.11 1.00 5.50 2.40 
0.22 0.50 0.22 0.12 0*58 f . 5 8 
5 .̂27 4.92 5.09 2.63 6.62 6.62 

Ta'ble«>14b s Shovjing species composition and seasonal d i s t r i b u t i o n 
of d a d o c e r a i n System-xm (August, 1976 to June, 1977). 

Species 1976 1221 
Aug. Oct. Deo. Feb.. ApL, June, 

Family Daphnidae 
Scaphoieberis Idjagi 

Family Bosminidae 
Bosmina longirostris 

Family Chydoridae 
Chydorus sphaericus 
Pleuroxus similis 

+ + 
+ • 
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Tal3le»l5a t ShoHing the seasonal changes in the physicodhemioaX 
factors of Systems-XIV ( August, 1976 to June, 1977). 

^^°*°^^ Aug> ' ' o l i Dec. geb, AplI? June. 
• i^ — iMwfci 1^ wwi^iMPMiii I III •• • 1^1— Hill— • in • !• M itiMi • • 11 in. ^iwwii^ » • • • ^ ,—Biai—i iMiM^—11 m i M ^ — w w > i » wipi—ii ii» lapi iiimn , • ! •• !•• w i 

Temperature MM 27*0 24*0 20iO 20,0 23.0 22,0 
<00) Water 24.0 20.5 11.0 17.0 21.0 21.0 

Ph (unit) 6*7 5 0 5.8 6.3 6.4 6.4 
Conductivity Oumhos/cm) 68,2 85.0 77.7 91.1 76.4 72.3 

Dissolved ojsygen (mg/l) 4.3 4.7 6.0 5.7 10,1 6,2 

Carton dioxide (mg/l) 8.2 5.0 5*4 4.8 6.8 6.4 

Alkalinity (mgA) l^'^ '•6*2 40,2 27,0 37.6 26,2 

Phosphate (mg/l) 0»6 1*1 -̂  *" 2,6 1,6 

Nitrate (mg/l) O^S 0.3 0,3 0.1 0,3 0.2 

Silicate (mg/l) 5,3 5.3 5,4 4.0 7.0 6.9 

!Eable*-15t> t Showing species composition and seasonal distribution 
of Oladocera in System-XIT (August, 1976 to June* 1977) 

Species Aug* Oot^ 3)eoi Pebi Apl* June; 

Family Saphnidae 
Simooephalus exspinosus • • • ' - • « > - -
Soapholeberis kingi • - • + -

Pamily Bosminidae 
Bosmina longirostris • • - - • • 

Family Ohydoridae 
Chydorus spHaericup - - • + • •* 
Alona sp, - . . • . * . ^ 4. 
Leydigia australigcceylonica • * . * • • + * 
Pleuroxus similis • - + « -̂  -
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68*25 to 91»14Aiinhos/om, Oaygeiit carbon dioxide and a l k a l i n i t y 

were found t o range "between 4*52 and 10»G8 mg/l, 5.0 and 8.2 

mg/1 and t6 .20 and 40.20 mg/1 r e spec t ive ly . (Ehe f luc tua t ions 

i n phosphates^ n i t r a t e s and s i l i c a t e s ranged "from 0 - 2.63 

mgAt 0.10 - 0.35 mg/1 and 4.04 t o 7.02 m ^ l . 

A t o t a l of 7 species of Oladocera with 2 species 

belonging t o Baphnidae» 1.to Bosminidae and '^ epeoioa belong* 

ing to Ohydoridae v;ere recorded; Their seasonal d i s t r ib t i t ion 

i s furnished i n !Eable*15b. 

System^XV^ t 

!Ehe data on the physicoChemical fadtors analysed 

fo r t h i s pond are tabula ted i n !Dable->l6a. The water teinperature 

values ranged frOTi 12»*̂  t o 22*̂ 0# pH did not show much f luctua* 

t i pns C 5*3 t o 6.60 u n i t s ) * Hue tua t ions i n conductivi ty 

value was between 31 .,50 and 70*14/uinho8/oia. She range of 

v a r i a t i o n s i n dissolved oa^rgen, carbon d i o ^ d e and a l k a l i n i t y 

were 6.56 t o 8,44 mgA» 5*2 t o 9.2 mg/l and 8*2 to 29*30 mg/l, 

:?hosphate, n i t r a t e and s i l i c a t e Varied from 0 * 1,75 mg/1, 

0.11 -^1.55 mg/1 and 1,76 - 5*83 mgA. 

CJladocera fauna was represented by 1 species of 

Daphnidae and 2 species of Ohydoridae with a t o t a l of 3 species 

( Table* t6b)^. 
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Table-I6a i Showing the seasonal changes in "ttie physicoohemioal 
factors of System*X\r (August, 1976 to June, 1977). 

Factors 

Temperature 
(oo) 

pH (uni t ) 

Air 
Water 

Conductivity (uiahoa/cm) 
Dissolved ojcygen (mg/l) 
Carbon dioxide (mg/1) 
Alka l in i ty (mg/l) 
Phosphate (mg/l) 
Ni t ra te (mg/l) 
S i l i c a t e (mg/l) 

) 

1976 
Aug. 

25iO 
22.0 

5*9 

Oot# 

18.5 
17.0 

5*5 
55*60 81,50 
6.60 
5*00 

t1*60 
1.62 
0.11 
5.27 

6.80 
4*20 
8.20 
0.57 
1.00 
1.76 

• ^ 

Deo. Pel). 

16*0 20*0 
12*0 14*0 
6.6 5.8 

51.50 54.92 
8.44 6.96 
5*20 9.20 

12.40 25.60 
0.57 -
0.49 0.40 
5*54 5*27 

1977 
Apl. 

25.0 
18.0 
6.2 

70.14 
7.76 
6.00 

21.00 
1.75 
2.40 
5.85 

June. 

22.5 
21.5 

6.4 
62.50 

6.56 
6.S0 

29.50 
0.65 
1.55 
5.27 

!Dal)le-l6b i Showing species oompositcion and seasonal distribution 
Of Oladocera in System-X7 (August, 1976 to June, 1977) 

Species 

Family Daphnidae 
Soap>ioleberis kiJigi 

Family Chydoridae 
Chydorus sphaericus 
Aoroperus haa?pae 

1976 
Aug. Oct. Pec. 

•f • 

+ • • 

+ • 

1977 
Feb. Apl. June. 

- -

- • -

• • 
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S System*X7I s 

IDable-ITa represents the data on the physicoohemioal 

analysis of this pond* The water temperature varied from 

12°C in December, 1976 to 22*̂ 0 in August, 1976 and June, 1977 

and was always lower than that of atiaosphere. T5he pH value 

ranged "between 5.9 to 6,5* Conductivity value showed a 

variation "between 28,88 and 70»t4 Aimhos/om* The range of 

variation in dissolved oxyg«i, carbon dioxide, alkalinity, 

phosphates, nitrates and silicate were respectively 5.04 to 

7.32 mg/1, 5.0 - 9.2 mg/1, 7.6 - 29.60 mg/l, 0.58 - 3.00 mg/1, 

0 - 0.85 mg/1 and 2.56 * 7.90 ing/l. 

!IIhe oladooeran species recorded from this pond were? 

1 species of Daphnidae, 1 species of Bosmlnidae and 4 species 

of Chydoridae vrith a sum totsil of 6 species. Seasonal distri-

buticai record has been giv®a in 2able«17b, 

System-XVII < 

ThQ range of fluctuations in the physicochemical 

' properties (Table-18a) of this pond during different seasons 

were as followss 

Water temperature j 12; - 22^0, Air temperatures ^6^^ 25*̂ 0, 

pH J 5.5 - 6.4» conduotivityj 26.,78 • 62.90/umhos/cm, 

oxygens 4.36 - 7.60 mg/1, carbon dioxide: 3,2 - 6,2 mgA» 

alkalinity: 10.00 • 33.6 mg/1, phosphate : 0 - 0,88 mg/1, 

nitrate j*0,05 - 1,0 mg/1, silicate: 4.21 - 5,,89 mg/1, 
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Sable-tTa t Sliowing the seasonal changes in the phystoochemioal 
factors of System*XVI (August, 1976 to June, 1977). 

Factors 

lemperature Air 
(00) Water 

pH (unit) 
Conductivity (umhos/om) 
Dissolved oxygen img/1) 
Carbon dioxide (mg/1) 

Alkalinity (mg/1) 
Phosphate (mg/l), 
Nitrate (mg/l) 
Silicate (mg/l) 

1976 1977 
Aug. Oct. Pec. Fel). Apl* June, 

27*0 18.5 16.0 22.0 22.0 
22,0 17.0 12.0 17.0 18.0 
6.40 5*20 6.50 5.90 6.20 

50..45 28*88 54.65 55.02 71.14 
6,80 6.48 7*52 6.96 5.04 
5*00 5.60 5.80 9.20 5.20 
8«00 7*60 14.80 26.40 25*60 

0*50.0.75 0«57 1.57,5.00 

0.50 0.85 0.48 0.49 * 
2*56 5.86 7*90 5*51 5.62 

21*0 
20.0 
6.50 

59.65 
6.04 
7.20 
29.60 

. 1.50 
0.11 

5.27 

Table-ITb t Showing the seasonal ^^stribution aaid species 
composition of Cladoo^rai in System-ZVI 

( August, 1976 to June, 1977)-

Species 1976 J3IL 
Aug.' Oct* Deo. Feb. Apl* June. 

Family Daphnidae 
Soapholeberia kingi 

Family Bosminidae 
Boamina longirost r is 

Family CJiydoridae 
Ghydorus aphaericua 
Biapertura affinis 
Fleuroxus similig 
Acroperua harpae. 

• • 

••• • • 4- • • 
* , - •. - • • 
- - « • + • -
- • - • * -!> 
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3Iable«l8a * Shov/ing the seasonal ohanges in the physiooohemioal 
faot03?s of Systein»X\riI (August, 1976 to (Juae, 1977) 

Saotojpa 

temperature M r 
(OG) Water 

pH (uni t ) 
Oonduotivity Otunhos/cm) 
Dissolved oxygen (mg/l) 
Oaxbon dioxide (mg/1) 
Alka l in i ty (mgA) 
Phosphate (mgA) 
Ni t r a t e (ingA) 
S i l i c a t e (mg/1) 

1976 1977 
Aug. 0ot« Deo* Peh* Api« 

25wG 26,0 16.Q 22.0 22iO 
20»0 19^0 12^0 17.0 18*0 

6*40 5*30 6.40 6i30 6*10 
56.22 261.78 56.75 48.09 62.90 

6i4G 5*44 5i92 7*60 7*36 
5.20 5.20 4.20 6*20 4.00 

10*00 15*80 24;G0 55.60 51.40 
0*77 0.40 0*57 ^ 0*87 
0.50 0*50 0*16 0.05 1.00 
5*11 4.21 4.92 5*27 5*89 

June. 

25*0 
22*0 

6*50 
59*60 

4.56 
4*00 

27*60 
0*42 
f*52 
5i27 

!I!al)le«*t8b J Shotting species composition and seasonal distribution 
of Gladooera in System-*X7Ii (Augustf 1976 to June, 1971 

Species JS3L 
Aug* Oct* Deo. Fe^* Apl* June, 

family Cfe.ydorida9 
^ydorus epihaerious 
Alonella excisa 
Aeroperias haa'̂ pae * 4-
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Only 3 species of Ohydorid Cladooera have been 

recorded from this pond (Table-I8h)* 

System-X\riII s 

a3ie data on the analysis of physicochemioal factor 

have been recorded in Tat)le-19a. .Ihe water temperature was 

found to vary between 12°- 22*̂ 0 and was always less than that 

recorded for air, pH showed very little fluctuations (6.00-6,40 ) 

while conductivity value varied between 24i68 to 63,21 umhos/cm, 

The range of variations in the values of dissolved oxygen, 

carbon dioxide, alkalinity^ phosphates, nitrates and silicates 

were 4*68 - 8.20 mgA» 3.40 - 7.80 mgAi 10,00 - 36.20 mg/1, 

0.25 - 1.75 mgA» 0.10 - 0.70 JSLB/1 and 4.27 - 7.02 mg/1 

respectively. 

A total of 3 species belonging to Daphnidae, Bosminidae 

and Chydoridae were recorded during different seasons as shown 

in Table-igb. 

System-XXX s 

Results of the analjrsis of phjrsicochemical factors 

have been given in Table-20a. Bie seasonal ranges of variation 

in the water temperature, pH and conductivity values were 

12°- 24°0, 5.80 - 7,00 and 30.98 - 67.30/umhos/cm. The values 

of dissolved oxygen, carbon dioxide and alkalinity varied 

between 5.6 - 9.12 mg/1, 2.80 - 12.20 mg/1 and 10.00^39-20 mg/1 
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Table-19a Showing the seasonal changes i n the physioochemical 
fac tors of aystem-XVIII (August, 1976 to June, 1977). 

Paotors 

Temperature Air 
(̂ C) Mater 

pH (unit) 

Conductivity (umhoB/om) 

Dissolved oxygen (mg/1) 

Carbon dioxide (mg/l) 

Alkalinity (mgA) 

Phosphate (mg/1) 

Hitrate (mg/1) 

Silicate (mg/1) 

1976 1977 
Aug. Oct, Deo. iŜ b. Apl. June. 

22i«3l/ 19«0 16.0 22.0 21.5 
21.0 17.5 12.0 17.0 20.0 

6.30 6,10 6.20 6.40 6,00 

36.25 24.68 36.85 43.41 63.21 

8.20 5.68 6.12 6.88 7.68 

5'.20 3.40 4.60 ,7.20 6,60 

12i00 10.00 19.60 31.00 32.80 

0i37 0.45 0.25 0.87 2.87 

0»22 0.19 0.19 0^10 0.70 

.4.27 5.09 5.27 4.39 7.02 

23.0 
22,0 

6,20 

61,21 

4.58 

7.80 

36.20 

1.76 

0.52 

5.27 

Table-19b 8 Showing species composition and seasonal d i s t r i bu t i on 
of Oladooera i n System<nX7III (August, 1976- June, 1977). 

Species 
1976 1977 

Xvtgi Oct. Deo. 5^eb; Apl, June. 

Pamily Daphnidae 
Scaphoieberis k ingi 

S'amJ.ly Bosminidae 
3osmina longiros t r l© 

Family Oiydoridae 
Shydorus sphaericus 

• * ••• 

• • 

•• • 
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Table**20a : Showing the seasonal changes in the physioochemical 
factors of Systeja-XIX (August, 1976 to June, 1977). 

Fact ors 

Temperature Air 
(OQ) Water 

pH (unit) 
Conductivity tohos/om) 

Dissolved oxygen (mg/1) 

Carbon dioxide (rnafi) 

Alkalinity (mg/l) 

Phosphate (mgA) 
Nitrate (in^l) 
Silicate (mg/1) 

1976 
Aug* Oct* Deo* 

22«0 17.5 16*0 
24.0 15.0- 12.0' 

6.7 5.8 8.1̂  

35*18 50.98 60.90 

6.8b 5.6b 9.12 

3.20 2.80 4.00 
10.00 14.00 39*20 

0*81 0.64 -
0.05 0.3t 0.11 

5.27 3.51 3.51 

1977 
Peh. Apl* June. 

19.0 24*0 24.0 
15.0 21.0 22.0 

7.0 6.4 6.6 

65.20 67.20 67.30 

8.20 6.32 6.40 
4.00 12.20 9.30 
37.60 30.20 27.20 

0.36 0.75 0.42 

0.21 0.43 0.39 
3.51 5.27 6.87 

!!la1>le»201) t Sliowing species composition and seasonal distributioz 
of Cladocera in System*XIX (August, 1976 ^ June,1977) 

Species JSIi. mz 
Aug. Oct. Deo. Feb. A^J.. June 

Family Bosminidao 

Boamina longirostris 
Family Chydoridae 

Chydorus sphaerious 
Biapertura affinis 
Pleuroxus similis 

• 

- • 
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While the seasonal variations in the oonoentrations of 

phosphates, mitrates and silicates iaere 0 - 0,81 mg/1, 

0,05 •» 0,43 mgA and 5.51 - 6,37 mg/l respectively. 

Total number of cladoceran species recorded were 4» 

of which 3 helcmged to Qiydoridae and 1 to Bosndnidae (Table*20b). 

It may be pointed out here that Systems-XX to XXYIII 

were drained off for preparing them for fish culture in the 

month of December, 1976 and were refilled during the last 

week of March, 1977. Hence no observations could be made in 

these systems during those months. 

System-»XX s 

Results of the analysis of physicoohemical factors 

have been tabulated in 3!able-21a. She range of variations 

obtained during different seasons were as follows t 

Water temperature s 15 - 20°0, pH « 6.1 - 7.3, oonductivityt 

38.28 - 70.25 Amhos/om, dissolved oxygen t 7.12 - 13.20 mg/l, 

carbon dioxide t 4.P - 12.2 mg/l, alkalinity »12.00 -35.20 mg/l, 

phosphates t 0.88 - 3.25 mg/l, nitrates a 0.18 * 0.90 mgA 

and silicates » 1.75 - 5.27 mg/l. 

Ihe Cladocera fauna was represented by a single 

Etamber of Baphnidae and one member of Bo8minida:e, Chydoridae 

were not recorded (Table-21b). 



!I!al)le*21a t Showing the seasonal changes i n the physicoohemioal 
fac tors of System-XX (August, 1976 t o J\ane,1977). 

Factors ^^g^ QQ^^ PQQ^ Feb. I p l . June. 

• i I III • «i II II • • I'll .1 « . I I 1 1 . I l l II • 

Temperature M r 24.0 17.0 20,0 24.0 
(oo) Water 22.0 15.0 21.0 22.0 

pH (uni t ) 7.5 6.6 6.1 6.4 
Conductivity tohoa/cm) 47.25 58.28 System 70.25 49.90 

Dissolved oxygen (mg/1) 15.20 7.12 ^ ^ 7.44 8.20 

Carbon dioxide (mg/1) 4.00 4.40 9.60 12.20 

Alkalinity (mgA) 15.20 12.00 55.20 50.12 

Phosphate (mg/1) 0.87 0,87 5.25 2.87 

Nitrate (mg/1) 0,59 0.90 0.18 0.50 

Silicate (mg/1) 1.75 1.75 5.27 5.27 

Table-gl'b « lowing species composition and seasonal distribution 
of Cladocera in System-XX (August, 1976-̂  June, 1978) 

Species , 1976 1. 1977 ̂  
opecies . Aug. Oct. Deo. Feb. Apl. June 

Pamily" Daphnida© 

Soapholeberis kingi • • System 

Family Bosminidae ^^^ 

Bosnina longirostris • • ^ + 
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System-XXI s 

©le results of physioochemical analysis for this 

pond have been furnished in Table-'22a, Water tenrperature was 

found to be less than that of air̂  and ranged between 16,5° to 

22°0. pH ranged betwerai 5.40 to 6;50. Conductivity value 

fS.uotuated between 58,85 - 67-31 /umhos/cm while variations in 

the concentrations of dissolved ozygon, carbon dioxide, 

alkalinity, phosphates, nitrates and silicates were 5.56 to 

9.40 mg/1, 5.20 • 8.40 mg/l, 17.6 - 58.00 mg/1, 0.40 -2.50 mg/l, 

0,10 - 0.22 mgA and 5.16 - 6.85 mg/1 respectively, 

A total of 5 species of Cladocera were recorded of 

which 1 belonged to Dapbnidae, 1 to Bosminidae and 5 to 

CJhydoridae as shown in !Eable-22b. 

System-XXII J 

Data on the physioochemical factors are shown in 

Table-'25a,' Water temperature, pH and conductivity values 

differed in different seasons and thus the range of varia­

tions were 16.50 - 22°G, 5.60 - 7.10 and 54.71—108.15/unhos/ 

cm respectively, ©le variations in the value of dissolved 

osygOTL, carbon dioxide and alkalinity were found to be 

7,60 - 8.40 mg/1, 2.60 ̂  5*60 mg/l and 15^20 - 52.40 mgA* 

The dissolved nutrient substances such as phosphates, mitrates 

and silicates varied from 0.20 - 0,50 mg/1, 0.11 - 0.25 mg/1 
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Tal)le-22a jShowijag -the seasonal changes in the physicochemical 
factors of Systein-X3a (August, 1976 to June, 1977). 

Factors 

!l?eji5)erafiire 
(•^c) 

pH (un i t ) 
Conductivity Cxanh 
Dissolved oa^rgen 

Air 
Water 

OS/cm) 

(mg/l) 
OarlJon dioxide (mg/l) 
Alka l in i ty (mg/l) 
Phosphate (ag / l ) 
N i t r a t e (jng/1) 
S i U o a t e (mg/l) 

1 •. 

1976 
Aug, Oct» 

24i0 18iO 
22iO 16.5 

6i5 5.4 
46.99 38.85 
9*40 5.-08 
5iOO 3*20 

17i60 17O0 
0.40 0.60 
0.18- 0.22 
3.27 3«^6 

Sec. Peh. 

System 
dry 

1977 
Apl. June. 

21.0 23.0 
20.0 21#0 

6.4 6.4 
67.31 65.31 

3*36 4.48 
8.40 8.20 

58.00 39.20 
2«50 1.50 
0*10 0,20 
6»85 5*27 

Iahle-22hJS3iowing speoies composition and seasonal dis tr ibut ion 
of Cladocera in System^XXI (August, 1976 to JTine,1977). 

Species . M t ^ .,., s.,--J2IZ Augi Oct. Deoi Feb. Aplk J\me. 

Family Daphnidae 
Simooephalus exspinosue • -i-

Fami;).y Bosminidae 

BoEsmina longirost r is * • yetem 
Family Chydoridae dry 

0hydorus sphaerious • • 

Biapertura affinis + • 

Pleurosus similia ^^' • 
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Iable-23ajShowing the seasonal changes in the physiooohemical 

Factors 

Temperature 
(OO) 

pH (un i t ) 

Air 
Water 

Conductivity Caanhos/<sai) 
Dissolved oxygen (icg/1) 
Carljon dioxide ( ag / l ) 
Alka l in i ty (icg/1) 
Phosphate (mg/1) 
Hi t ra t e (mg/l) 
S i l i c a t e (mgA) 

U U < W 4 U — A M , . ! ^ X A M Q l * * - ' Wf ! 

1976 

Augi Ootj Decs 

20*0 18.5 
22.0 16»5 
7.1 5*6 

54.71 42.00 
8^80 7.60 
3.20 3.00 

16.40 15.20 
0.50 0.32 
0.11 0,.11 
3.76 3.51 

19' 
Peb*' 

» ^ *»**wt 1 if 1 r / • 

n 
Aplj June. 

21.0 23.0 
20.0 22.0 
7.1 6.9 

108,15 97,58 
8.40 8.48 
3.60 2.60 

80.40 52.40 
0.50 0.20 
0.16 0.23 
5.27 3.87 

Table«*23b $ Showing species composition and seasonal distribution 
of Oladocera in System-Xni (August|1976 to June* 1977) 

Species JL2Z1 1977 
Aug4 Oct* Deo* Peb* Apl* June. 

Family Bosininidae 

Bosmina longirostris 

Family CShydoridae 

Ghydorus sphaerioua 

System 

dry 
• • 
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^^ 5.51 * 5.27 mg/1 respectively. 

Only 2-species of Oladooera telonging one each to 

Boemlnidae and Ohydoridae were recorded,(Table*23to)• 

System-XXIII 5 

The phyBiooohemical data have been furnished in 

g)a"ble-24a. Water temperature range during different seasons 

was 17°-* 24°C. pH and conductivity varied between 5.40-7.55 

and 58»35 - 78.96/umhos/om* Values of dissolved oxygen» 

carbon dioxide and alkalinity fluctuated within the range of 

5.32 - 12.00 mg/1, 2.40 - 8.80 mg/1 and 16.80 * 55.42 mg/l 

respectively, (Ehe concentrations of phosphates, nitrates and 

silicates varied from 0 - 5.00 mgA» 0.2 - 0.25 mg/1 and. 

5.51 - 6.85 mgA respectively. 

2 species of Baphnidae, 1 species Bosminidae and 

1 species of (Jhydoridae were recorded from this pond 

(Table-24b). 

aystem*XXI? t 

Physicochemical data recorded in Tablc5-25a shows 

that water temperature ofiĵ iis pond varied within the range 

of 15.5 - 23.00 G. pH and conductivity value ranged from 

6.2 - 7.9̂  and 42*55 *- 87.17/umho9/eEi respectively. 2!h© 

variations in the values of the rest of the factors were 
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t!̂ abl@«*24a t ShcmJUog the soascmal changes in the physiooohemioal 
factors o£ Syateia*«XXlIX (August* 1976 to June, 1977)« 

»*««l—>.»»«<i««M«ii*««W«»Mi»— III III If il 

leiaperature Air 20•O 17*0 22«0 24.0 
(OC) Water 23.0 15.5 21.0 22.5 

pH (unit) 7f55 5.40 6*20 6.40 
Ooiiduetivity hishoQ/m^ 67.95 38,35 System ^Q^^^ ^^^^g 
Dissolved oaygeii im/l) 12*00 7*32 dajy 3.32 7.68 
Carbon dioxide (agA) 2.40 4#20 8*80 7*56 
Alkalinity (xug/l) 20.20 16,80 48,40 33.42 
Phosphate (nsA) * 0»50 5*00 4.50 
m t r a t e (s^A) 0^20 4^p 0,29 0*22 
S i l i ca te ( B S A ) 3.87 3*51 6.85 5.27 

(Cable«24b 9 Showing epeoioa ooaposition and seaaonal distr ibution 
of Oladooera in Systea-XXHI (August* 1976^une, 1977). 

^P®^^^^ Aug!^3ot. I)ee. Peb, I p H ^une 

\ 

Paoiiy S^hnidai^ 
Soapholeberia bingl «• • ^ m 
Eiinooephalue exspinoeua -* * 

S'ainily Bosminidae 
Bosjaina longiros t r is * <¥ ^^ 

Faiaily Ohydoridae 
Chydorus sphaericua • 4-

System 
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!Dable«'25a t lowing the seasonal changes in the physicoohemical 
factors of Sjrstem-XnV (August, 1976 to June, 1977). 

Faotors jazi ., mi 
Aug* Oct* Dec* Feb, ApX* June. 

Temperature 
<oc) 

Air 
Water 

pH (unit) 

Conductivity (umhos/cm) 

Dissolved oxygen (mg/l) 

Carbon dioxide (ingA) 

Alkalinity (mg/1) 

Phosphate (mg/l) 

Hitrato (mg/l) 

Silicate (mgA) 

21.0 
22.0 

7.90 

55.22 

t4.80 

t.OO 

17.60 

0.54 

0.15 

3.21 

17.5 
15.5 

6.20 

42.53 

4.80 

2.-40 

17.20 

0.18 

0.16 
4.56 

System 

dry 

23.0 
22.5 

6.40 

87.15 

6.72 

5.60 

47.80 

1.63 
0.40 

5.27 

26.0 
23.5 

6.50 

76.60 

8.60 

4.20 

29.20 

0.92 

0.39 

5.25 

Table*»25b i Showing species oompoaition and seasonal distribution 
of Oladooera in System^XXIV (August, 1976 - June, 1977) 

li iiiftiJ—^n^.—«»—««—ifc«fc«>»^»»^»»>«i 

Species 1976 , 
Aug. Oct*. Dee. Peb. Apl. June. 

jazL 

Family Caiydoridae 

dfeydorus sphaerious 

Biapertura affinia 

Pleuroxus similis 

• • System 

• • ^ ^ • 

1 ^ I'li 
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as follows I 

Dissolved oxygen t 4»80 - 14.80 mg/1, oarbon dioxidej 1.00-5.60 

BigA» alkalinity j 17.20 - 47.80 mg/l, phosphatesj 0,18-1.65 

mg/l, nitrates j 0.15 - 0.40 mg/l and silioatesi 5.21-5.27 mg/1. 

5 species of Qhydoridae represented in cladooeran 

fauna (a?able-25b). 

System-XXV s 

Data on the analysis of physicocdiemical factors have 

been given in 2able-26a. With thO' exception of August, 1976, 

water temperature was alv/ays lower than that of air and 

varied from 17°- 22.5*^0. pH and conductivity values were 

5.70 - 7,60 and 58.28- 96.60 Aunhos/cm. While the range of 

dissolved oxygen, oarbon dioxide and alkalinity were 6.48 to 

9.20 mgA» 2.80 - 4.40 mg/1 and 20,00 - 54.20 mg/1 respectively, 

the data on the dissolved phosphatesi nitrates and silicates 

varied v/ithin their respective ranges of 0.66 - 2.75 mgAt 

0.10 - 0.15 mgA and 5.87 - 7.57 mgA. " 

2 species of Ohydoridae belonging to the genera 

Chydorus and Pleuroxus were recorded from this pond (Table-e6b), 

aystem-XXVI j 

Phys'icochemical data is given in !Eable-27a and the 

range in the fluctuations during different seasons have been 
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Table-aea t Showing the seasonal changes in the phyeiooohemical 
factors of System-XOr (August, 1976 to June, 1977). 

Paotors 1976 

iug. Oot* l>eo« Feb. 
1977, 
Apl. June. 

2ong?e3cature Air 21.0 22.0 21.0 23.0 
(oo) Water 22.0 17^0 20.5 22.5 

pH (unit) ' 7.60 5.70 6.60 6,60 
Conductivity Ounihos/om) 72.98 58,28 System 96.60 78,98 
Dissolved oxygen <mg/l) 6.80 8.96 ^^ 6.48 9.20 
OarT)on dioxide (mg/1) 3.60 2.80 4.40 2.80 
Alkalinity (mg/1) 23.00 2^.00 54.20 35.24 
Phosphate (mg/1) ' O.63 0.66 2.75 0*97 
Nitrate (mg/1) 0,15 0.10 0«10 ^ 
Silicate (mg/1) 3.87 4.74 7.37 5.27 

a!abl6<̂ 26b I Shovring species composition and seasonal distribution 
of, Oladocera in System-XX7 (August, 1976-June, 1977) 

Species T- P7^i ,1 - ^ -̂  «̂ '?77 , 
Aug, Oct, Deo. Feb. Apl. June. 

Family Ohydoridae 
Chydorus ^haerious • • Sjrstem 
Pleuroxus similis • • ^^ 
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5Jabl©*27a 8 Showing the seasonal changes in the physiooohemioal 
factors of aystem'-XX7I (August, 1976 to Juae, 1977). 

Factors 
Aug, 

1g.76 . mz 
c t . See. Fel>* Apl* June. 

temperature Air 
(00) Water 

pH (unit) 
Conductivity Oumhoe/om) 
Dissolved oxygen (mg/l) 
Carbon dioxide (mg/l) 
AUcalinity (mg/l) 
Phosphate (mg/l) 
Nitrate (mg/l) 
S i l ica te (mgA) 

22.0 22,0 
23*0 20^0 
6.90 5.60 

57.75 41.48 
9.40 6.48 
3.00 3*40 

16*40 17.60 
0.75 6.25 
6.35 0.37 
1.41 1.41 

System 

dry 

21 iO 23#0 
22,0 23.0 
6.30 6.50 

87.05 59.60 
5.60 8.40 
6.00 4.80 

44*80 22*80 
1.88' 0.92 
0,39 0.32 
8,78 5.62 

aiable'*'27b i Showing species composition and seasonal distributicw 
of Cladooera in System-XSTI (August, 1976- June, 1977), 

Species 
w»lwi#—>—» ii*ii<li *iii> \m iiiMi,«fc^i-»—wiiii —•*•• 

H I i i J iWf i i i i i » Hi i i , III 111 I * - ^ * ' -

Aug, Oct* Dec, ^ b . Apl. June. 

Pamily Daphnidae 
SiOapholeberis kingi 

Pamily Clhydoildae 
ChydoruB sphaericus 
Pleuro2:us similis 
Acroperus harpae 
Camptooercud auatralia 

System 

dry 

i**M»««MlM«MW«M 
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as follcfws t 

Water temperature j 17 - 25°C> pH t 5•60 - 6.90, conductivityt 

41.48 • 87«05 Aonhog/oin, dissolved oxygen i 5.60 * 9.40 jog/l, 

carbon dioxide a 5.00 - 6.00 mgAt alkal ini ty j 17.60-44.80 

ansA» phosphates t 0.25 - 1.88 mg/1, n i t ra tes i 0.32-0.59 mgi0.* 

and s i l i ca t e s j 1.41 - 8,78 mgA* 

Oladooera faima of t h i s pond has heen represented by 

4 species of (Siydoridae and 1 species of Daphnidae (!i;able-27b). 

System-XX7Il t 

Data on the physioochemioal factors as given in 

Table-28a shows that the water temperaturct pH and conductivity 

fluctuated within the range of 17°-, 23°0> 5.60 - 8.10 and 

14»70 - 112.15 Ainihos/cm respectively. The seasonal fluctuations 

of other factors were as follows i 

Dissolved oxygen t 6.88 - 10.40 mgA* carbon dioxidet 2.20 to 

3.80 mg/lt alkalinity » 27.20 - 115.20 mg/l, phosphates s 

0.63 * 1.38 mg/1, nitrates t 0.05 -.0.32 mg/1 and silicates i 

2.11 - 5.62 mg/l. 

2 species of Ohydoridae» 1 species of Daphnidae and 

1 species of Bosminidae were recorded from this pond as 

shown in Table^28b,. 

%stem-XXYIII t 

The data on the analsrsis of phjrsicoohemioal factors 
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Tabl0-28a s Showing the seasonal ohaxiges i n the physioochemioal 
f ac to r s of System-XX^II (August* 1976 to June |1977) . 

Factors 1976 1977 , 
Aug, Oct* Deo* Peb. Apl. June. 

lemperature Air 
Water 

pH (un i t ) 
Conductivity Oumhoa/cm) 
Dissolved oxygen (mg/1) 
Carton dioxide (mg/1) 
AUcalinity (mg/l) 
Phosphate img/1) 
Ni t r a t e (mg/1) 
S i l i c a t e (mg/l) 

22.0 20.0 
. 25«0 20.0 

6.80 ^.60 
100.38 36.10 

8.80 6.88 
3.80 3.80 

28.40 27.20 
0.63 1.88 

0.15 0.05 
3.87 2.11 

System 

dry 

20.0 
22.0 

23.0 
22.0 

8.10 7.20 

147.00112.15 
8.40 10.40 

2.20 
115.20 86.60 

1.38 1.22 
0.30 0.30 
4.21 5.62 

TaT)le*.28b t Showing species composition and seasonal d i s t r i b u t i o n 
of Cladoc<Bra i n System-X3C7II (August, 1976*June, 1977). 

Species 1976 1977, 
Aug. Oct. Dec. Feb. Apl. June, 

Family Daphnidae 
S/imooephalus exspinosus 

Family Bosninldae 
Bosmina l o n g i r o s t r i s 

Family Chydoridae 
Shydorus sphaericus 
Biapertura a f f i n i s 

System 

diy 
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!llable*29a J Sliowing *the seasonal chaoses in the physicoohemioal 
factors of Systein-XXTIII (August, 1976 to Junej1977)i 

Pa©tors 

Temperature Aia? 
(OG) Water 

pH (un i t ) 
Gonduotivity (hmjhos/om) 
Dissolved oxygen (mgA) 
Garb on dioxide (ing/l) 
Alka l in i ty (mg/1) 
I'hosphate (mgA) 
N i t r a t e (mg/1) 
S i l i c a t e (ing/l) 

1976 
Aug, Oct * 

22*0 22>G 
22^0 20i:0 
7 .̂55 5*60 

t15*00 90,85 
15*60 9*04 

5.00 4*60 
22.00 21^^20 
0.65 0*85 
0.^25 1.^5 
5*27 2*28 

Deo* Feb. 

System 

dry 

1977 
Apl. June. 

22.0 24*0 
21*5 22.0 

6i90 6*50 

72*02 70*02 
8i88 lOiOO 
6*40 2,80 

59.20 55*12 
2*75 1*if2 
0*22 0.28 
7*90 6*28 

!i!able'*29b s Showing species jOQurpOBition and seasonal distr ibution 
of Caadocera in %stem*XX?III (August, l976'*June> 1977) * 

Specie? Aug*, Obtj,; Deo. Feb* Apii June* 

i . .11 III II . 

Feanily Bosini^dae 
Bosmina longirostr is 

Family Chydoridae 
iiytJixs^^OTaB sphaeriouQ 

Biapertura aff inis 

System 

••*ii i"i wi limimi^immmmMmAmmtmmilimiif^^ 
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have been furxiished in Ta'bl«*29â  Water temperature varied 

between 17°- 22^0. pH and oonduotivity values ranged from 

5,60 - 7r55 and 70,02 - 115#00 Aunhoe/aoa, Concentration of 

dissolved oxygen, carbon dioxide and alkalinity ranged from 

8.04 - 15.60 mgA» 2,80 - 6.40 mgA and 21.20 - 39.20 mgA 

respectively, The range of variations in the nutrients sudh 

as phosphates^ nitrates and silicates were 0,65 "̂  2.75 mg/1, 

0.25 - 1,15 mg/1 and 2.28 - 7,90 mgA. 

CTLadooera fauna v;as found to be represented by 

1 member of Bosminidae and 2 species of Ohydoridae <Table-29b), 

System-^XXIX t 

laie data on the analysis of phsrsicoohemical factors 

are presented in 2able*»50a, 2he winter temperature was always 

more than that of air and ranged betî een 11*58* 24°0, pH and 

conductivity value were found to rsqige betwe^i 6,16 - 6,87 

and 52,35 " 80,34/umhos/cm. Values of dissolved oxygen, carbon 

dioxide and alkalinity varied from 5,83 - 10,11 mg/1, 3.35 to 

7>45 mg/1 and 11.10 * 32,64 mgA respectively, Jhe range of 

variation in the nutrients such as phosphate, nitrate and 

silicates varied between 0.58 • 2,86 mgA» 0,15 - 0,99 mg/1 

and 2,33 • 7,24 mgA. 

7 species of cladooeran species were recorded fyom 

this pond of which 2 species belonged to Daphnidae, 1 to 

Bosminidae and 4 to CShydoridae (Table-30b). 
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Table-jOa s Showing the seasonal changes in l^ie physicoohemic^ 
factors of &ystem-XXIX (Augustt1976 to June,1977)• 

j?acT.wB ŷĝ ^ Q^̂ ^ j^QQ^ Feb* Apl. June. 

Temperature Air 24«0 22.0 14.5 19*0 21.0 22.5 
(oo) Water 24sO 20*0 11.5 15.0 18.5 21.5 

pH (unit) 6 J 3 0 6sia 6.16 6*40 6.87 6.41 
Conductivity (oanhos/cm) 40*04 32*55 39.95 64.23 80.34 39.06 
Dissolved oxygen (mgA) 10*11* 7*89 8.37 5*83 6.09 8.23 
Carbon dioxide (mg/l) 7.13 3*35 7.45 5.00 5.40 5.40 
Alkalinity (mg/l) 29*87 11*10 14.20 21*20 32*64 23.35 
Phosphate (mgA) ^'^^ ^-^^ ^-73 0*63 2.86 1*78 
Nitrate (mg/l) 0-15 0*38 0.79 0*25 0*99 0.70 
SiUcate (mgA) 5.95 3*43 7*24 3.22 3*62 2.33 

Slable-SOb t SQiowing species composition and seasonal distributiox 
of Cladooera in System-XXIX (Augustt1976- June, 1977). 

liii I « il nil I > li II 

SP^^i®^ W.^^I l^DecV Peb. ApE'^iune. 

Pamily Daphnidae 
aoapholeberis kingi • + • •• - -
Simocephalus exspinosus -» • - • - 4. 

Family Bosminidae 
Bosmina longirostria • • - •#• • • 

Family Ohydoridae 
Chydorus sphaerioug • ^ ^ ^ 4 - 4 ' 
Alonella exoisa *• • - <. ^ -m 
Pleuroxua similis *• • • • -. -
Aoroperus harpae - ^ -«- • • .̂  



PLATE^XIV 

Camera lucida diagrams of : 

a, Daphnia, Imnholtzi (parthenogenetfc female) 

•fa.' Daphnia lumholtzj (male) 

c. Daphnia sp, 

^« Ceriodaphnia eomuta 
e, Scapholeberis k ingi 
f• Simocephalua s e r ru l a tu s 
8* Simocephalus ve tu lus 
h . Simocephalug exspinosus 



PIABE - XIV 



PLAffiE-XT" 

Camera lucida diagrams of : 

a. Sida orystallina 

b« Diaphanosoma excisum 

c, Moina micrura (parthenogenetic female) 

d, Moina miorura (male) 

e, Maoro-thrix latioomis 

f• Ilycryptus spinifer 

g, Bosmlna longirostris 



PIATE * XV 



PLATE-X7I 

Camera l u c i d a diagrams of : 

a . 

b . 
c , 
d . 

e , 

f. 

g . 
h . 
i . 

G. 

Chydorus sphaeric-us 

Pseudochydorus ^ loboasus 

Biaperi iura a f f i n i s 

Camptocercus a u s t r a l i s 

P leuroxus s i m i l i s 
Aoroperus harpae 

A l o n e l l a e x o i s a 
A l o n e l l a nana 
Alona s p . 

l e y d i g i a a u s t r a l i s cey lon ica 
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During the present investigations a total of 29 

aquatio habitats have been surveyed and the results are 

presented herewith. The main objective of this survey is to 

understand the physiooohemical milieu of these systems with 

special reference to the oladoceran fauna. As shown earlier, 

these systems are of varying size, origin and depth* Nevertheless, 

all these habitats are located within a radius of about 10 Km 

and most of them are shallow artificial impoundments but for 

a few, The different physiooohemical factors studied during 

this investigation are size and depth of ponds, temperature,pH, 

electrical conductivity, dissolved oj^gen, free carbon dioxide, 

alkalinity, phosphate, nitrate and silicate aa s\immea*ised in 

Table-31• 

In view of their proximity to each other and as 

evidenced by somewhat similar physiooohemical properties as 

seen during this study (Table-31), it was thought appropriate to 

discuss the results together for all the systems. The size of the 

ponds under present investigations varied from a mini.muTa of 

22i00 to a maximum of 23800.00 sq m. Inspite of this wide range 

of diversity of size, no definite size-dependent variation in 

physicoohemical properties of the systems could be recorded. The 

depth, on the other hand, varied between 0.50 -3.85 m which 

also apparently did not change the physioochemical properties 

of the surface waters. In the present context, all the systems 

thus being of more or leas same nature and origin, effects of 
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depth and size was probably better reflected in the oladooeran 

fauna than in the quality of water* 

The water temperature generally ranged between 

8°- 12°C in Deoember/February to a maximum of 22° - 24 C 

during June/August (Table-31), thereby showing an extensive 

range of about 16°C during the annual oycle,̂  This range of 

temperature coupled with'^rainfall and humidity makes it possible 

to divide the annual cyole into more or less four seasons namely, 

Spring (March - April), Summer - Rainy (May ^ August), Autumn 

(September - November) and Winter (December - February)• However, 

due to the variatioriB in the exact onset of monsoon, there is 

slight overlap in the range of different seasons* The pljpesent 

conditions observed in these altitudinal ponds are unlike 

those of Indian plains where only minimum seasonal variations 

in temperature are noted as in other tropical situations 

() (Ruttner 19i5# Michael 1968, 1969, Vijayaraghavan 1971, Wasar 

and Dutta^Munshi ̂ 1974)* A lack of wide temperâ ture difference 

was also noted in the altitudinal reservoirs of Nilgiri Hills 

in South India (Sreenivasan 1968), However, the range of 

temperature was lower in Nilgiri Hills reservoirs when compared 

to adjacent v/ater bodies of the surrounding plains (Vijaya-

raghavan 1971)* Such a trend of narrow temperature range was 

also reported for Brazilian tropics as seen from the data of 

Zago (1976)* The altitudinal lakes and ponds of Kashmir in 

North India (Das 1970), exhibit similar trend as that of the 
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present studies although still lower minimum temperatures were 

always noted* Recently Prabhavathi and Sreenivasan ( 1977) while 

dealing with? the eoology of warm water ssooplankton in 28 ponds 

and lakes from South India did not record much seasonal 

fluctuations in water temperature^ although the highland ponds 

showed comparatively lower temperature than those situated in 

lowlands* Thus the seasonal fluctuations of temperature observed 

in the present study seem to resemble more, the low and highland 

aquatic biotopes of the temperate regions (Reid and Sqiiibb 1971» 

Anderson 1971, Porsyth and McOoll 1975)» than most habitats 

of the tropical plains as discuss earlier. It must, however. 

be stated that the temperature regimes in these altitudinal 

ponds are somewhat intermediate between the truly tropical and 

temperate regions. It is most likely that the location of these 

ponds at moderately higher altitude (1600 m) on a plateau 

probably determine this pattern of seasonal fluctuation, 

With a single exception, all the systems studied were 

of acidic nature for a major part of the investigations, the 

pH value falling v/ithin a range of 5.50 - 6,90* There were 

occasional shifts tovjards the alkaline range in some systems 

which can be attributed to the artificial application of lime 

for fishery practices* Responses to such treatments were short­

lived due to dilution through constant seepage and heavy rainfall, 

In most of other Indian works (Loo* cit,) a general pattern of 

alkanine pH with moderate to higher alkalinity is noted as 

classified by Prabhavathi and Sreenivasan (1977), The ShiUong 
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ponds, on the other hand, appear to fall under the slightly 

acidic category characteristic of low productive waterhodies 

(Hutchinson 1957). Electrical conductivity values of these 

impoundments were again low ranged between 14.70 -126.00 

yunJios/om with a sin&Le exception." It is well known that in 

any aquatic habitat , the conductivity is dependant upon the 

geological conditions of the substratum and the incoming 

dissolved electrolytes from the surrounding watershed. These 

ponds being located in heavy rainfall area (Table-.l,Pig,-1) 

lose their organically rich upper strata of soil and are left 

with only the coarse sandy or rocky substrata. As a result of 

this constant erosion year after year, these systems have 

probably î eadied a significantly low level of conductivity 

values, k similar situation has been reported from Nilgiri Hills 

of South India (Sreenivasan 1968) where out of the two 

reservoirs one always showed a low conductivity range. The 

recent origin of the present systems also appears to influence 

the conductivity values since older systems seem to show 

comparatively high conductivity values. As an example, in 

System-V which is relatively older, the conductivity value 

ranged from 79.50 to 175.00 /umhos/caa which has also a tMck 

muddy bottom with heavy macrophytic growth showing a shift 

to\<jaxds eutrophication. 

Dissolved oxygen ranged between 3,20 - 15.,60 mg/1 in 

the different ponds. This variation is in part due to differemje 

in sampling time since diurnal variation in oxygen concentration 

due to photosynthetic utilisation is a well known phenomenon. 
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The range of values of dissolved oxygen recorded here is found 

to be similar to the reports for other systems in India* The 

osirhon dioxide concentration in the surveyed ponds ranged 

between 1>00 - 18,00 mg/1 and was recorded on all occasions 

suggesting a low utilisation of this compound for algal 

production,, whereas in other parts of India complete absence 

of carbon dioxide is often recorded suggestive of higher algal 

production (Michael 1968, 1969, Vijayaraghavan 1971, Hasar and 

Dutta-Munshi 1974» Prabhavathi and Sreenivasan 1977). Anderson 

(1971 *1974) on the other hand, recorded from ffrw alpine, 

subalpine and mountain lakes and ponds from Canada, the 

presence of carbon dioxide throughout the season. However, a 

detailed diurnal study of the carbon dioxide dynamics may 

reveal a better picture of its utilisation in these systems. 

With one exception, the total alkalinity values ranged between 

7*60 - 58*00 mg/1 with the total absence of carbonate alkalinity 

and only bicarbonate contributing to these values. These low 

values of total alkalinity due to bicarbonate only, are 

indicative of a high free carbon dioxide - low pH - low 

alkalinity buffer system prevalent in these waterbodies. But 

in System-XXYlilr which is a fish pond, a maximum alkalinity 

of 115*20 mgA ^as noted following the addition of lime. In 

the li^t of the above findings with low alkalinity values 

and acidic pli* these systems could be classified among 'low 

alkalinity* systems, as suggested by Prabhavathi and 

Sreenivasan (1977)* Such system with low alkalinity values, 
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though not commonly found in the plains of India (Michael 

1968, 1969, Vijayaraghavan 1971, Kasar and Dutta-Munshi 1974), 

they are -not altogether/unoommon from the hill areas 

(Sreenivasan 1968)« \/̂  

©le phosphate concentration in these ponds was generally 

high and ranged from 0 to 2.0 mg/1 in majority of the surveyed 

systems though the hi^est value recorded was 5«5 mgA* This 

is unlike those of other Indian situations where phosphate was 

usually recorded in very low concentrations (loc, cit.). With 

few exceptions, these ponds being much shallow in nature retain 

on an average a water level of 0.50 ••0«70 m during the winter 

season (December ^̂  February) • !Ehis shallow depth combined with 

a higher rate of evapptranspiration can be one of the plausible 

reasons for the eu^nced phosphate concentrations. Moreover, 

in some of these iiiq?oundments phosphate concentration could 

have remained high due to yearly fertilisation with Superphos­

phates and occasional addition of cowdung* Further, Shillong 

planteau is situated adjacent to lime mines where lime stone 

containing pebbles of phosphate can occur as shown in Florida 

waters by Reid and Squibb (1971). Ihis might result in higher 

concentration of phosphate in these neighbouring staguant 

water bodies. However, direct geochemical evidences are needed 

to establish this relationship. Phosphate being one of the 

important ingredients of algal metabolism, its hi^er 

oonoentrations in these v/aters is >also suggestive of low 

l^ilisation by algae, Hitrate concentration was 0,00 -1.00 mgA 
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In majority of the ponds though still higher values were 

recorded at certain instances* System^II showed a range of 

1.35 - 5»50 mg/l which is the highest value recorded. This 

pond was regularly fertilized by covJdung, Eicehran and Oil­

cake were also added at intervals as supplementary feed for 

the stocked fishes* It is thought that the addition of these 

fertilizers, is undoubtedly responsible for this high value. 

&. comparison with other Indian waters shows that the nitrate 

. values recorded in the present studies seem to be hi^er than 

that of most systems in the plains of India (loc.pit.)* 

Silicate content in the present studies ranged between 

1.41 - 15*80 mg/li 1!hou^=15,80 mg/1 was the maximum value* 
• \ • 

28 out of 29 surveyed ponds had an upper limit of less than 
. i , ^ 

10*00 mg/1* In general , other Indian h a b i t a t s show a 

cpmpiaratively higher value of s i l i c a t e concentrat ion (loo4Cit*)* 

3316 s i n ^ e system mentioned above with 15•SO mgA i s fed by an 

underground spying which may be, responiaible for the h i ^ e r 

concentrat ion; As s i l i c a Content I s known to be mainly, dependant 

on the geology df> the Katei-shed and the substratum^ the 

differences between thesei systems and thoise of other p a r t s of 

liidid can be a t t r i b u t e d t o correspohdiaig subs t ra te d i f fe rences . 

Further , such va r i a t ions i n s i l i c a t e content i n aquat ic systems 

may a l so be due t o b i o t i c a d t i v i t i e s such as the presence of 

(/ diatoms wi th in a given water body (B i t tne r iSjgQ Hutchinson 

1957)^ 
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In conclusion it may be said, that the Shillong ponds 

are characterized in general by acidic pH, low conductivity, 

alkalinity and silicates with moderately high phosphates and 

nitrates• This is in contrast to the alkaline pH, h i ^ 

conductivity, alkalinity and silicates and low concentrations 

of nitrates and phosphates typical of impoundm^its of Indian 

plains. Once again, it may be pointed out that all the ponds 

in the present study are of recent origin varying from a few 

months to a maximum of 15 years with a single exception, the 

Ward lake, known to have been constructed in 1895 from a marshy 

swamp with two main underground springs. Further, all these 

systems are also under the influence of human interference 

and are very shallow in nature with a few exceptions, 

Nevertheless, as discussed above, the geological, meteorological 

and altitudinal factors,also make them different from the, 

impoundments from other parts of India, As such, they can be 

categorized, .in general, as •cold polymiotio* type of lakes, 

a term coined .by Hutchinson and Loffler (1956) which includes 

tropical mountain lakes that have almost a continuous thermal. 

circulation. This texaoiaology, though broadly applicable to 

these-shallow ponds, it is basically to define large, deep 

lake systems and hence it seems more appropriate to include 

them under the category of 'subtropical* type of aquatic systems 

as generalized by Euttner (1S!'6§) for habitats in the 

neighbourhood of tropics. Such a view point also justifies the 

the intermediate nature of these systems in t erms of moderate 
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temperatiire regimes and their location at an equally moderate 

altitude,' 

In the present studies Brook's (1959) classification 

of the order Cladocera has been broadly followed who divided 

this group into two suborders, Haplopodai and Eucladooera with 

a total, of 8 families; Recently the genera Moina and 

Moinodaphnia have been grouped under a separate family Moinidae 

by Goulden (19%3) • ^°^ "the present purpose this new family has 

been included v;ith Brook's classification thereby bringing the 

total to 9 families,' In Indian a total irumber of 8 families 

have been reported so far with approximately 90 species (Michael^ 

iai;̂ ublisfeedK In the prosoat study a total of 23 species 

belonging to 6 families have been recorded (vide Species list). 

Of these, 10 species belonged to Chydoridae, 7 to Daphnidae* 

2'eack in Macrbthrioidae and Sididae v/hile Bosminidae and 

Moinidae were represented by one species each. Such a 

preponderance of members of ;the family Chydoridae was also 

observed in Andhra Pradesh in South-Eastem India where 15 out 

of ths total of 23 species belonged to Ohydoridae (Michel, 

unpublished). Eight species of Chydoridae and 8 species of 

Daphnidae were recorded from Hainital in Uorthem India 

(Michael, unpublished)« Biswas (1971) reported 14 species of 

Chydoridae from the state of Ea;jasthan in the Horth-Westera 

India. Brehm'*s (1936) studies from Northern India and Niligiri 

Hills of South India revealed a good representation of 
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Chydoridae, though Daphnidae was most dominant* Recent works 

of Das et ̂  (1969, 1970) from Lake Alpather and other Kashmir 

lakes situated at an altitude of more than 12,000 ft showed 

a fair representation of ohydorid fauna. However, the Dal lake 

of Kashmir (Das and Akhtax 1970) is reported to have only 

7 species of Gladocera belcmging to the suborder Buoladooera 

of which only 2 belonged to Ohydoridae, The chydorid dominance 

was also reported in the reooit faunal list of Oladocera from 

ShiUong (Patil 1976). When Quotient of Similarity (QS) 

(Sĵ rensen 1948) was worked out between the earlier species lists 

and the present study, no strong resemblance emerges 

(QSs Oa 0.4-0) (Iable-32), althou^ Kashmir fauna as reported 

by Brehm (1936) shows relatively higher similarity index with 

present findings (<^8 0.44) • The higher similarity index of 

Kashmir fauna with the present species composition may be due 

to the high altitude location of both these areas. That faunal 

composition could be influenced by altitude or latitude has 

already been suggested in the works of Carl (1940), Reid and 

Olive (1958) and Decosta (1964)• 

It is well known that the zooplankton as a whole, are 

-causally related to the limnological parameters in any aquatic 

ecosystem (Michael 1969). In the present study it has been seen 

that practically no significant difference is met with in the 

faunal composition of different systems as they have more or 

less the same physicochemical characteristics but for a few 

exceptions (Table-31)i Moreover, their location within a total 
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area of 5 • 10 Em makes it unlikely to have ox^, significant 

effect on the species composition as seen from the lists of 

Cladocera. 

Tei!5>eratiire has "been suggested as an important factor 

in the regulation of phyto and zooplankton populations (Patalas 

1965* Asch and Kingsbury 1972, Taylor 1972). However, the slight 

variations in temperature ( 1°- 2°C) between the different 

systen^ during the present study is unlikely to change faunal 

composition though temperature has its own influence on these 

oladooeran populations. The pH ranges differed very little 

between the syBtems and is of little consequence to the 

oladoceran species composition, althou^ Carter (1971) fo\md a 

relationship of pH to the occurrence of three species of 

Orustacea, DeCosta (1975), on the other hand, did not observe 

any such relationship between the hydrogen iron concentration 

and the Oladocera in Cheat Lake, USA, Studies of Kring and 

O'Brien (1972) showed that under prolonged exposure to altered 

pH levels Daphnia adapt themselves efficiently \mder experimental 

conditions. The continued occurrence of certain species in some 

of the systems probably reflect such adaptation to changing pH 

values in different seasons even under natural conditions, 

During the present survey, oxygen values were found always to be 

more than 3 mg/1 in all the systems and hence could not bhave 

had a limiting effect on the oladoceran species, althougji 

laboratory studies of Go m i and Strainer (1976) have revealed 

that a concentration below 5 mg/l influence the feeding rate 

file:///mder
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in DaphMa • It has T)een pointed out that carbon dioxide is 

seldom of value to evalute the limiting effects in aquatic 

habitats (Sdiindler 1971). Hov/ever, both carbon dioxide and 

alkalinity are well known to influence the phytoplankton bloom 

which in turn could affect the zooplanktonic microcrastacea 

(Michael 1965t 1968), since minute phytoplankton and epiphyton 

from the food of these organisms (Vaas and Yan-Oven 1959» 

, Michael 1968), As mentioned earlier, the present systems showed 

low alkalinity values with carbon dioxide always present in 

varying concentrations. While these factors could have influenced 

the phytoplankton dynamics, the precise role of these factors 

on the oladooeran species composition cannot be ascertained. 

Phosphates, mitrates and silicates are important nutrient known 

to influence the growth and reproduction of algae (Rigler 1956, 

Michael 1969» Lannergren 1975) although the concept of absolute 

limiting effect of any of these nutrients is probably not easy 

to assess on any grcaxg of organisms (I*aiinergren 1975). Hov/ever, 

Asoh and Kingsbury (1972) established an inverse correlation of 

nitrate-nitrogen and phosphate to the oladoceran and oopepod 

populations". It seems evident that while these various 

physi CO chemical factors could influence the physiolo^r and 

metabolism of Oladooera* their role on the species diversity 

and distribution cannot be established for certain from the 

present studies* 

Among the 23 oladoceran species listed here,„ CJhydoridae 

was the numerically dominant group. Of the 10 chydorid species 
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Chydorua aphaericus waa recorded in 26 out of the 29 ponds, 

This shows that they are evidently the most adaptive speciea to 

a variety of habitats, inspite of each lake or reservoir being 

•unique with its own chemical, physical and planktonio 

characteristics as pointed out by ̂ |̂ -̂p|4'̂ ^̂  (196^. Ohydorua 

sphaericue is also one of the most v/idely distributed speciea 

(Carl 1940> Patalas 1964, 1971) thou^ it is often reported to 

occur at low densities (l̂ nderson 1971) • In the present studies 

it v/as noted that this species often occurred in ponds which 

were devoid of vegetation although many a times v/ere found among 

the littoral vegetation in other ponds. This was also noted by 

Anderson (1971) who, therefore, placed it as a limnetic species 

without differentiating it as awlittoral or planktonic form, 

Further, in view of the small and shallow nature of most of 

these ponds Ghvdorua aphaericus could well be categorised as 

a *heleoplankton',a tenninology used for species inhabiting 

ponds (Hutchinson 1967). Occurrence of O.sphaerioua in System-II 

which was only a few months old raise^ an interesting question 

about its entiy as a sole cladoceran species which could be 

accidentally seeded by agencies such as mammals or birds as 

suggested by Maguire (1963)> Proctor (1964) and Anderson (1971), 

Distribution and occurrence of other species of Ohydoridae like 

Alonella nana« Alonella excisa^ Pleuroxus similia, A.croperua 

harpaa, Oamptoceraus australis» Biapertura affinis and Alona sp, 

were always confined to the littoral vegetation which they 

apparently use both for food and shelter. Absence of (Jhydoridae 
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from System-Ill which was completely devoid of amy vegetation 

adds additional support pointing toviards their littoral habit. 

It is likely that the negligilily low number of weed fishes 

in these ponds could have also favoured their successful 

growth as the fonaer are known to prey ypon the Oladocera 

(Korinek 1959, Brooks and Dodson 1965). 

Among the Bosminidae, Bosmina longirostris is an 

widespread species (Brandlova o;^ ^ 1972, Carter 1971, 

Anderson 1974) \Jhich appeared in majority of the ponds under 

study. Its appearence generally coincided v/ith the fertilisa­

tion of the ponds suggesting its preference to eutrophicated 

waters as was observed by Edmondson et, al (195^ and Zago (1976) 

who considered this species to be an indicator of trophic 

status. Moina miorura,on the other hand appeared in System-Ill 

and IV, Both these systems have greater limnetic regions and 

depth which could have been responsible for the occurrence of 

this truly planktonic form. However, their bried period of 

occurrence needs to be explained. It is likely that the fish 

fauna in these ponds was largely responsible for their ' 

disappearence (Brooks and Dodson 1965), though one another 

factor could explain the absence of Moina is the high phosphate 

content which is known to have a limiting effect (Asch and 

Kingbury 1972). *She membera of the Macrothrieidae are generally 

believed to be benthic in their habit. In the present study 

Macrothrix latî cgrnis ̂  appeared in a shallow weedy pond where 

there was practically-Tio limnetic zone. Ilyocryptus spinifer 

was another maorothricid species which appeared in two ponds 

file:///Jhich
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•̂xhose bottom were of a muddy nature. It, therefore, seems that 

the diatributioji of both these species appears to be regulated 

by the nattire of the bottom. Siese two ponds with comparatively 

turbid waters and being older than those of other systems 

evidently served as ideal habitats for these creeping foims 

(Pryer 1974). 

Pamily Daphnidae vjas the second dominant group which 

was represented by Daphnja lumholtzi» Daphnia sp..Scapholeberis 

kingi^ Ceriodaphni,a comuta and 3 species of Simooephalus 

namely S, exspjnosus. S, vetulus and S.serrulalus. The two 

species of Daphnia appeared one each in System IV and XII # 

It is of interest to note that, though both these systems were 

sampled at weekly intervals, these species were recorded for 

only a very short duration. Daphnia lumholtzi. developed 

significant numbers in the month of April 1977 and their 

morphology showed considerable variations suggestive of 

eyclomorphosis (Green 1967)? The lake in which Daphnia 

lumholtzi occurred, being the largest with open water seems 

to have served as a suitable habitat for this species. It may 

also be said that this lake has a dense population of the 

common carps (Cyprinus carpis carpio L)•along with other 

indigenous species of carp. While the alteration in the helmet 

length (vide iilfra , Part-II) could be attributed to the rise 

in teinperature in keeping with the cleissical buoyancy theory 

(Wesenburg-'lpid 1926, Wolterect 19:&§?), it is equally tempting 

to hazard the predation theory of Brooks and Dodson (1965) to 
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explain the phenomenon ,in view of -fchese dense caxp populationB. 

However* more work is needed in this direction in view of the 

differing opinions put forth to explain helmet foimation 

(Wesenburg-Lund 1926*, Brooks and Dodson 1965» Hebert 1975). 

Appearence of Daphnia^ sp« in System-XII only for a bri^f period 

is also of considerable interest* Aquatic birds were introduced 

into this ponds for recreational purposes and hence the appear-

exLoe of this species seans to be a chance occurrence having 

been seeded by these migratory birds which are known to carry 

resting eggs or ephippia of Oladocera (Proctor 1964t Anderson 

1971). This view is further strengthened by the fact that thou^ 

this system was investigated at weekly intervals for a period of 

18 months, this Daphnia sp., was never recorded for a second 

time except during April 1977. Shirthermorei this species does 

not resemble the two species of Daphnia appearing commonly in 

India, Daphnia lumholtai Sars and Daphnia carinata King. Again, 

their sudden disappearence may be due to their failure to 

build a substantial population in this environment probably 

not conducive to theiir continued survival and propagation, 

Soapholeberis kingi. a littoral species (Anderaon 1971) 

appeared in 15 out of the 29 systems. This may be due to their 

remarkable adaptation of hanging from the surface film of 

water (Pryer 1956) and occupying the epineustic zone as a 

result of which they face the least competition for existanoe 

at the air^water interface, Geriodaphnia oornuiba also appears 

to have a limited distribution in Shilloa^ systc 
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recorded in only System-IV (Ward Lake). On the other hand, 

in the plains of India, this species is well represented 

forming successful populations (Miohael 1962, Murugan 197,S). It 

is possible that the^large size of System-IV could have offered 

a suitable environment for this species. Among the 3 species 

of Simdioephalus. S.exspinosus which occured in 11 ponds was 

invariably found to inhabit the thick submerged weed beds of 

Rotala rotundifolia and Ammania multiflora. The other two 

species, S. serrulatus and S. vetulua were also found to occupy 

the same niches. These species are thus strictly littoral in 

habit and it is certain that the distribution of these weeds 

largely controlled their presence or absence in a given pond, 

However, further detailed study is required to establish this 

association more accurately. 

Results of the present study also reveal the 

nonoccurrence of more than one species of the same genus in a 

particular habitat, though not without exceptions which find 

a parallel in the works of Pennak (1957) in Americana reservoir, 

Even, in cases wh«re two or more species of the same genus 

appeared, one of them always seems to dominate in population 

density as already observed by Zago (1976), 

It is appscpent from Table-31 that when these systems 

are arranged in an ascending order of size, the highest number 

of (Jladocera is found to occur in the largest system namely, 

Ward Lame, A similar size-dependant species diversity was 

.ô ^̂ ^ 
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reported iDy Pennak (1957) while studying the mountadn lakes 

of Colorado, Moreover, the Ward Lake being the oldest, 

probatoly provides a relatively stable environment for the 

growth of Cladooera. It must, however, be added that two ponds 

of relatively small size (Systems-V and XXIX) also showed a 

greater species diversity as oompared to a few larger ponds• 

This suggests that the species number, while to a certain 

extent dependant on the size of the habitat, the total 

complexity of an aquatic biotope offering the largest number 

of ecological riches will untimately decide the species 

composition (Anderson 1974). One of the smaller systems 

mentioned above was a shallow cemented pond whose high diversity 

of species can only, be explained as being brou^t in form 

surrounding water sources through diverted inflow, 

The dominance of littoral species in almost all the 

present systems is likely to be due to the abundant littoral 

vegetation in most of the habitats,. The decrease or absence of 

such vegetation has been shown to effect, particularly the 

ohydorid populations (Comi and Strainer 1976), In the present 

investigations also littoral populations were found to be 

affected by the removal of marginal weeds in Ward Lake where 

most of the species declined in number while some of them even 

totally disappeared (Tide infra. Partrll).* 
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k survey was conducted of 29 altitudinal aquatic 

ecosystems in and around Shlllong area in order to understand 

their physicochemical milieu with special reference to the 

oladoceran fauna. These systems were man-made in origin with 

varied size, shape, depth, contour, age and as well as vegetation. 

Purther, some of these systems were astatic while one of them was 

a newly dug pond, 

The results obtained on these different impoundments 

have revealed similarity in their physicochemical properties 

and hence discussed together. Their sizes varied between 22.00 to 

23800.00 sq m î hile the variation in depth ranged from 0.50 to 

5.85 m. A wide temperature range of about 16°C was noted during 

the annual c^cle. The temperature regime seemed somewhat interme­

diate between the truly tropical and temperate situations. Pour 

seasons could be delimited based on temperature and humidity 

though with certain degree of overlappling brought about by the 

onset of mozisoon. 

With a single exception, all the rest of the systems 

were acidic in nature with the pH varying between 5.50 to 6.90. 

Occasional shifts towards alkaline range as a result of heavy 

fertilisation were evident thou^ shortlived. Low conductivity 

values could be attributed to the general geology of this region 

as well as the recent origin of these impoundments. Dissolved 

oxygen concentration fluctuated depending upon differences in 

sampling time while presence and the amount of carbon dioxide 
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at all seasons seemed to b© related to low algal productivity, 

9Ihe ICM alkalinity values observed apparently reflect a high 

carbon dioxide-low pH-low alkalinity buffer system* Higher 

concentrations of phosphates and nitrates recorded during the 

present study were likely to be brou^t about by artificial 

fertilisation, shallow nature and close proximity to lime mines 

as well as low utilisation by indwelling biota* Similarly th© 

lower silicate level in contrast to aquatic biotopes of Indian 

plains probably Indicate low utilisation throu^ alga© and due 

to associated geological conditioxu9« 

r 

Based on the present siorvey, it may be concluded that in 

general, these aquatic biotopes of Shillong are characterised 

by low levels of pH, conductivity, alkalinity and silicates, 

On the other hand, these systems are characterised by moderately 

high phosphate and nitrate values. In view of the observed 

physicochemical characteristics, these impoundments are assigned 

to *• subtropical tsrpe of aquatic systems" following the classi­

fication of Ruttner <196S')'* 

A total of 23 species of (XLadooera belonging to 6 families 

were recorded in the present study. Of these 10 belonged to th© 

family Chydorida©, 7 to Daphnida© and 2 each In Sididae and 

Maorothricidae while Bosminidae and Moinidae contained one species 

each* This preponderance of chydorid Oladocera was similar to 

the recent records from other parts of Indian plaing, 

No strong reseoiblance in terms of Q^ (&0rensen index) was 
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seen "between the Shillong fauna and other Indian reports tho\j^ 

the Kashmir fauna showed a oomparatively higher index value 

when compared with the present findings* Further^ no si^iificant 

difference in the faunal composition has been met within 

different systems* Continued occurrence of certain species 

through the season were apparently due to the suitability of 

th^ habitat* Concentration of oxygen in any of the systems 
il 

never reached the critical value reported to have any limiting 
i 

aisnifi canoe* 

ChydoruB sphaericus was the most widely distributed 

species appearing in 26 out of the 29 systems surveyed* It mad© 

its appearenoe even in ponds completely devoid of any vegetation* 

]?ossibilities of the accidental needing of 0 * sphaericua . 

through agencies like majimals and birds were also speculated 

to e2i>lain its presence in one of the systems* Other ohydorid 

species were restricted to weed beds* 

The only bosminid species^ Bosmiina longirostris was 

present in majority of the systems and its appearenoe coincided 

with the fertilisation of -ttie ponds. Moina micrura, was confined 

to ponds with relatively deeper limnetic zones* Members of 

Maorothrioidae were recorded in ponds with rich vegetation and 

thick muddy bottom, while species of Simooephalus, were strictly 

confined to littoral vegetation, althou^ other daphnid genera 

like Paphnia and Ceriodaphnia appeared in impoundments with 

larger limnetic zones* Appearenoe of a Daphnia sp* which 

differed from other species of this genus recorded from India 
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has been discussed in the context of their occurrence for a 

very brief period, S-oapholeberia kingj was the most widely-

distributed daphnid in Shillong ponds, 

Effect of manual removal of weeds on oleidooeran fauna 

was observed,̂  Further, usually nonoccurrence of more than one 

species of the same genus was noted, throu^ when present, one 

of t h ^ always doninated. The different study ponds, when 

'arranged in the ascending order of size, the largest harboure_d 

the maximum number of species. However, the age of the impound­

ment also seemed to influence the species conqposition. Causes 

for the relatively higher species diversity in a few small ponds 

have been discussed. Lastly, appearence of, larger n\imber of 

littoral species has been discussed in the light of their 

vegetational associations* 
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Ihe status of oladoceran research In India is yet largely 

QOnfined to their taxonomy and regional distribution as shovm 

earlier in the review of literature. Detailed studies relating 

to- the biology of different species of Cladocera are still 
t 

I 

lacking in India, Iha importance of such studies need not be 

overemphasised as basic understanding of the biology is not 

only of academic value but also of applied importance as these 

organisms constitute important food items for culturable fishes. 

However, Michael (1962) attempted for the first time in India 

to relate different field parameters to the laboratory 

observations in Oladocera, Subsequently laboratory studies on 

the development and life cycles of Oladocera have been 

undertaken in different parts of India (Midiael 1962t Murugan 

and Sivaramakrishnan 19759 1976, Murugan 1975, 1975a, Murugan 

and Venketara^n1977, Bhattaoharya et lO. 1979). While the 

above investigations were mostly confined to individual 

oladoceran species observed under laboratory conditions, a 

holistic approach of relating the laboratory observations 

to actual field situations is still a much felt lacuna. 

Keeping this in view, the present work has been designed to 

study the oladoceran species in three systems with varying 

hydrography as well as with different vertebrate inhabitants, 

These systems were t (i) V/ard Lake, the largest among Shillong 

lentio habitats with a relatively stable environment,stocked 

mostly with common carp ( C?yprinus carpio); (ii) a small 

cemented nursery pond totally devoid of any vegetation and 
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(iii) a pond with limited marginal vegetation and turbid 

water into which Isoth residential and migratory aauatic 

birds have been introduced, 

This this Part of the present study deals with the 

morphometry, vegetational associations, ph3rsiooohemical and 

biological properties of these systems along with biolpgical 

aspects of the natural populations of Oladooera such as 

seasonal occurrence and distribution, population structure, 

size group composition, sex ratiq ̂  and feciindity studies 

(eggs/brood), (These parameters have been studied at weekly 

intervals for a total period of 18 months and were aimed to 

gain insight into the structure and dynamics of natural 

populations of Oladeoera as obtedned under different habitat 

conditions. 
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The materials for the present study have been colleoted 

frbia 5 freshwater impoundments within the town limits of 

Shillong, The three systems ohosen were (i) Ward Lake, a 

permanent system stocked with large number of fishes mainly 

the carps (ii) a small cemented nursery pond and (iii) a pond 

within the Isuiy Hyderi Park, The last mentioned pond is 

situated in the precinots of a local zoo where a variety of 
f 

aquatic birds have been kept for recreational; purposes. All 

these three systems v/ere sampled every Saturday between 

08.00 and 10.00 hours. Methods employed for the study of 

merphomentry of these systems and tha physioochemical 

properties namely, temperatus^", ̂ H , conductivity , dissolved 

oxygen, free carbon dioxide, alkalinity, phosphates, nitrates 

and silicates have been detail'̂ d in ParVI* 

Plankton samples were collected with the help of a 

conical plankton net fabricated, out of No,25 xxx bolting silk, 

Fifty litres of water colleoted with the help of a plastic 

bucket of 5 litre capacity was filtered through the net 

equipped with a receiving test tube of 50 ml capacity. Now 

the tube with the plankton collected was removed gently from 

the net and formalin was added slowly to obtain a final 

concentration of about 5fo . The sample was then lebelled, and 

stoppered with a rubber stopper and carried to the laboratory 

for fu^her analysis, k qualitative sample was colleoted and 

fixed in lugol's Iodine solution for the indetification of 

phytoplankton. This gross qualitative analysis facilitated 



I l l 

easy Indetification of phylioplankton during the study of 

quantitative sainples. Counting of plankton was done with the 

help of a counting cell of 1 ml capacity (Sedgwick-Eafter 

model)• 

The preserved plankton sample iii the test tube was 

poared into a round bottom gl^a crucible. Organic debris 

when present, were slowly lifted with the help of a pair of 

forceps and v;ashed in distilled water to dislodge adhering 

organism. Using a wide monthed glass dropper, the sample was 

thoroughly mixed up and a portion of this was pipetted into 

the counting cell, A covers lip was placed diagonally so that 

with the addition of sample it rotates slowly due to surface 

tension and seals off the cell, A filter paper v/es used to 

remove excess water and now the cell was ready for counting, 

Since 1 ml of the sample represented 1 litre of pond water 

filtered, counting of total number of organisms in the cell 

directly gave the count per litre, Por larger zooplankton 

the entire cell was scanned, while for the ennumeration of 

smaller forms like rotifers, protozoans and phytoplankton, 

only 100 out of the 1000 squares were counted. These squares 

were, ho\̂ rever, selected at random. Whenever an organism was 

in low numbers, counting was done in the entire cell. On 

certain occasions, due to heavy bloom of phytoplankton, the 

saii5>le had to be diluted suitably to facilitate counting, 

HJhe results thus obtained were multiplied by the dilution 

factor to arrive at the n^ber of units/litre as shown below» 

( No, of organisms/100 squares) x 10 x a « Ho. of 
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organis/litre were 'a* denotes times of dilution. In oase of 

filamentous and oolonial algae, the entire or part of filament/ 

colony was treated as one unit. 

Size measurements of 100 animals selected at random were 

made using a 'binooular micros cape and an oculometer graduated 

into 100 divisions of 10 u each, These size measurements vftien 

arranged in an ascending order fell into size clusters 

somewhat indicative of instars. Such groupings are not altogether 

unknown and had been used for ins tar analysis in Cladocera 

(Prey 1973). For categorising different size groups in the 

present study, such size clusters were used wherever possible, 

Peoundity study was made by counting actual number of 

eggs in each female under the microscope, Por calculating 

regression correlations a small computer (DOM, Microsystem 

1120 model) was used, Similai*ity index was calculated following 

S;irensen index as detailed in Part-I, 
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The impoundments selected for the study of the 

different "biological parameters of cladoceran species were: 

(1) WAED LAKE j This recreational lake is situated in 
\ 

the heart of Shillong tovm,, adjacent to the Shi Hong Club 

complex on the one side and the Haj Bhawan on the other (Pig.2, 

System-IV). This is an artificial lake, more or less semicircular 

in shape (Pig,5). It was consttuoted out of a marshy place 

with two main \indergro\md springs hy Sir William Ward, the then 
1 

Chief Commissioner of Assam, in the year 1894. A dam has been 

erected on one side to store the inflowing water in addition to 

that of the undergroimd spring v/ater. Total area of this lake 

was 25800 sq m with a maximum depth of 6,0 m. The average depth 

was found to be 3,40 m. The maximum length and breath were 533 m 

and 75 m respectively. The average total volume of water was 

80920 m^. Three inlets lead into this system \fhile a single 

outlet carries constantly the excess water from the lake, 

However, the dam has a switch-gate, mainly for the purpose of 

draining off of the lake. The main inlet (Pig,3) carries the 

sewage water from the surrounding habitation to an isolated part 

of the lake located on the south-eastern corner. This portion 

is connected to the main lake through an inlet as a result of 

which this isolated part always maintains a constant water level 

as the surplus amount continuously flows into the main lake, 

The second inlet carries underground spring water from near the 

shore into the lake and it courses from the esatem side. The 

third inlet joins from the north-eastern side carrying the 

file:///indergro/md
file:///fhile
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sewage water. This inlet is functional only during the rainy-

seasons. The outlet, on the other hand, is situated on the 

western side of the lake (iPig.J) near the dam (Iron "bridge), 
i 

This lake has been extensively and successfully used 

for fish culture by the Department of Fisheries, Government of 

Meghalaya, and the stocked fishes mainly belong to the common 

carp (Cyprinus carpio) and a few other Indian species of carps, 

At times species of Channa has also been observed near the 

margins ,-

This lake being the largest among the lentic systems 

of Shillong (Table-31), it has been divided into four study 

sites (Stations) based on the availability of maximum variety 

of Cladocera species. Care was also taken to select stations 

so that they cover the entire area of the lake. Thus Station-I 

was located at the south-western comer of the lake; Station-II 

was located almost at the middle of the lakej Station-Ill on 

the north-eastern comer while Station-IV vras located on the 

south-eastern comer of the lake, 

Station-I was approximately 1,0 m in depth and was 

somewhat weedly. The vegetation associated with this station were: 

Rotala rotTindifolia, Nymphaea sp,, Lindemia sp,, Polygonum sp,, 

Polygonum hydropiper. Oxalis corymbosa. Altemanthera sessilis, 

Galinsoga parviflora and species of Utricularia. 

Stationr-II being located on the open water zone, was 

devoid of any vegetation and the depth recorded was 5.50 m. 
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StaH;ion-III another weedy station was approximately 

0.80 m deep with the associated vegetation such as Ageratum 

oonyzoides. Polygonum sp,, Eri'geron sp.» Nymphaea sp., Rotala 

rotundifoliat Isohaemuiq rugostUE» Polygonum hydroplper and 

Ajnmania sp, 

S-tation-IV was located on the isolated portion 

resembling a somev;hat rectangular shaped pond. This pond was 

53 m in length and 55 m in "breath with an average depth of 0.80 m. 

The total volume of water was about 1200 jsr. This pond receives 

the main inflow of viater and as a result remains turbid with 

abundant vegetation. Inspite of frequest deweeding of this 

portion*, the vegetation could hardly be checked from encroachment 

into the main water body. The following plants could be identified 

from this pondj 

Rotala rotundifolia. Hymphaea sp.» Lindemia sp,. Polygonum 

hydroplper. Oxalis eorymbosa. Altemanthera sessilis. Galinosoga 

parviflora and species of Utrioularia. 

(II) PISH DALE POHD i This is a small nursery pond located 

in the Pish Dale complex of the Pishery Department, Government of 

Meghalaya, at the Pruit*s Garden locality (Pig.2, System-XXIX). 

This is an artificial cemented pond with a flat bottom. The 

shape of the pond is approximately square with the length and 

breath being 12,50 m and 8,23 m respectively. Though the actual 

depth is 1,50 m, the pond retained a water level of about 0.95 m 

during the study period. Thus the approximate volume of water 
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was 97«74 m^ while the total area was 102.88 sq m. During the 

winter months water from a surrounding stream was drained into 

this pond, Ihe fish frys inoluded mainly those of the common 

carp (gyprinus caan^io). Before commencement of the present 

envestigations, the pond was processed by liming and addition 

of fertilisers like superphates and nitrates. It v;as Inot 

refertilized during the 18 months study period. This system was 

totally devoid of any vegetation, 

(III) LADY HTDEEI PABK POlJDj !Ehis is an artificial impound­

ment situated inside the campus of Lady B^deri Park located 

at the Barrik locality (Pig,2, Sjrstem-̂ XII), This pond is 

rectangular in shape with a flat bottom having. 2 parts, one 

being shallower than that of the other. Water flows into it 

through an inlet. While the outlet is almost nonfunctional 

throughout greater part of the year. The total area of the pond 

was 1075,08 sq m , the average length and breath being 105,40 m 

and 10,20 m respectively* The average depth recorded was found 

to be Ojj90 m. Thus the total volume of water in the pond was 

967.57 m^. 

This pond had a limited vegetation and the water was 

extremely turbid throughout the study period. The aquatic 

vegetation recorded from this pond wasj 

Rotala ro tund i fo l i a , Eragrostis . gan^etloa, Isohaemum rugosum, 

species of B i g i t a r i a and Agaretxim conyzoides< 
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This pond is utilized by the psirk authorities to 

maintain aquatic birds for recreational purposes. This pond 

was never used for fish culture purposes. 
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^ e following account deals with the physicochemical 

and biological parameters of the lake and ponds investigated 

for a period of 18 months at weekly intervals. However, the 

weekly data have been compiled and represented as mean monthly 

values, IThis present study commenced from the month of September, 

1976 and continued till February,1978 extending over a total 

period of 18 months. The information thus gathered has been 

presented as the physicochemical and biological characteristics, 

The biological properties have been dealt under the broad 

categories of phytoplankton and zooplankton and exeept for 

Cladooera most of the other organisms recorded in this study 

have been dealt with upto family/group level, 

I, WARP LIVKE s" 

A, PHISICOCHEMICAL PARAMBTEES j 

In this system, four samplir^ stations have been chosen 

and are referred to as WI^ WII. Will and WIV, The data obtained 

from each station have been dealt with separately. The different 

physicochemical properties included in this study \irere air and 

water temperature, pH, ionic conductivity, dissolved oxygen, 

free carbon dioxide, alkalinity, phosphates, nitrates and 

silicates • The results on the analysis of the above physioo-

chemical properties of the £>ur stations of Ward Lake have been 

presented in Tables-53# 54. 55 and 36 and depicted in Pigs,4, 5, 

6 and 7» 

Temperature t 

Air t The seasonal fluctuations of the a i r teii5)eration i n 

file:///irere
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Station XE have Toeen graphically represented in Table-33* The 

atmospheric temperature showed a decline from September to 

December,1976 from 22*85Pa to 17.25°0* Prom January,1977 the 

air temperature slowly rose from 17.75°C to 25*75^0 in the 

month of March,1977* In the month of April,1977 air temperature 

reached 2I,.9°0 and increased further to reach the maximum value 

of 26,50^0 in the month of October, 1977. From November, 1977 

onwards, there was a steady decline in air temperature reaching 

the value of 12*̂ 0 in the month of February, 1978 which marked 

the end of the study period* January and Pebruaryi,1977 showed 

higher values of temperature than that of suoeeding year 

(17,75^0, 19«0°0 and 13*00°0 and 12*0°C respectively)* The 

seasonality of atmospheric temperatvire in S,tation-II (VIII)» 

III (Will) and IV(WIV) have been graphically shown in Tables-^34, 

35 and 36 respectively. It is seen that these values did not 

show much difference from that of Station-I, 

Water s Surface water temperature followed the.same trend 

as that of air and the highest value recorded in Station-I(WI) 

was 25^76^0 in the month of July, 1977* lowest value of surface 

water temperature in WI was 12*̂ 0, recorded in the month of 

January,19784 In September,1976, water temperature was slightly 

more than that of air and the two readings were 23°0 and 22i85°C 

respectively* 

' Surface v/ater temperature in WII, Will and WIV showed 

the same nature of fluctuation and highest and lowest values in 
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all cases were in the moirth of July. 1977 and January, 1978 

respectively* However, in all these staticais the lowest value 

was 11°0 in contrast to 12°C in Station-I, The surface water 

temperature was never more than that of the air in these 

stations. Water temperature of the four stations have teen 

shown in Pigs. 4» 5, 6 and 7» 

Hydrogen-ion-concentration (pH) s 

pH value of water of S ta t ion- I showed very l i t t l e 

f luc tua t ions during the study period and was always ac id ic i n 

- na|ture. The highest value recorded was 6«84» i n the month of 

Mardi, 1977 and lowest value was 6,16 observed during October, 

1976* Seasonal f luc tua t ions have been represented i n iPig.4» 

Station*!I(WII) pH showed almost the same type of 

seasonal i ty and i n t h i s s t a t i o n a lso highest value xifas recorded 

i n March, 1977 (6.88) as seen i n S t a t i o n - I . But the lowest value 

was observed i n the month of October,1977 with 6.50. However, 

September,1976 also showed higher pH value of 6.43 ( P i g . 5 ) . 

S t a t ion*I I I of Ward Lake, on the other hand, showed 

the highest value of 6.70 i n the month of December, 1977 while 

a comparatively Im/er value v;as observed i n March, 1977 (6 .59 ) . 

The lowest pH value was 6.13 recorded i n the month of May,1977 

( P i g . 6 ) . 

Station*»IV of Ward Lake showed (Pig, 7) the highest 

pH value of 6»75 i n the month of December,1977 l i k e tha t of 

S t a t i o n - I l l , while lowest value recorded vras i n January, 1978 

with the value of 6»0t, 
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Oonduotivity j 

Thê  conductivity values showed a tendency for grea ter 

f luc tua t ion than the pH. Seasonal f luc tua t ions i n oonduotivity 

of S t a t i on - I has been shoim graphical ly i n F i g . 4 . The pupper 

a»d lower l i m i t s of conductivity values were 88.20 Aunhos/cm 

a»d 55.55 Aunhos/cm recorded during the months of December, 1977 

and November, 1977 r e spec t ive ly . Excepting on these tv;o 

occasions the conductivi ty values ranged between 59 - 76 /umhos/cm. 

WII, an open v/ater s t a t i o n , showed two d i s t i n c t 

maxima (P ig . 5) i n conductivi ty and the highest value was 

recorded i n the month of August,1977 (103.47 Aimhos/cm ) . The 

other higher value was 88.41 /umhos/cm recorded i n December,1977 

while the lowest value was 59*40/umhos/cm i n November, 1977. 

In Si ta t ion-III the t rend of conductivi ty values 

follov;ed the pa t t e rn as t ha t of S t a t i o n - I , Ihe highest and lowest 

values observed during November,1977 and December,1977 were 

89.15 and 60.50/umhos/cm re spec t ive ly . 

These values showed the maximum f luc tua t ions i n 

Sta t ion-IT (Pig.tIS) with two d i s t i n c t maxima. The f i r s t higher 

value was 122* 43/umhos/cm recorded i n Apr i l , 1977. Prom February, 

19f77 onwards the conduct ivi ty value showed an increas ing tre^id 

t o reach the f i r s t maxima of 96.73/umhos/cm i n Apri l , 1977. 

Prom May,1977 the conductivi ty readings showed a steady decl ine 

to reach the lowest value of 74.94 AUDhos/can i n Ju ly , 1977 and 

rose again showing another maxima i n December, 1977 (l04.l6/niD]hos/cm), 
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Like other stations the value during November, 1977 was 

comparatively lower with 75.44 umhos/om, 

Dessolved oxygen (D.O.) s 

In Station-I the highest dissolved oxygen concentration 

was recorded in the month of July, 1977 (10,7 ing/l)» while the 

lowest value was in Octoher, 1977 when the concentration was 

5*25 mg/l (I'ig,4). Oaygen concentration increased from September, 

1976 onwards and reached a maxima in March, 1977 (9.34 mg/l), 

only to become low in April, 1977 (7*66 xng/1) and rose again to 

reach the peak in July, 1977 with a record of 10,70 mg/l« 

January, 1978 showed a conrparatively higher value (9.32 mgA) of 

dissolved oxygen. 

In Station-I I, the same seasonal tr^ag was maintained 

(Pig, 5) although the peak in July, 1977 was comparatively low 

(9»46/l), Ihe lowest dissolved oxygen concentratirai was recorded 

during the month of September, 1976 (5.06 mgA)« I» January, 1978 

oX3rgen value 'rose to 9*20 mg/l showing a second maxima* 

Station-Ill also followed the same trend of fluctuation 

in dissolved oxygen and the lowest value was recorded in 

September, 1976 •(4,52 mg/l), while the highest value was in July, 

1977 with 9*89 mgA (Fig. 6). 

Among all the stations of Ward lake, Station-I? shov/ed 

the highest maxima value of 17,76 mgA recorded in the month of 

July,. 1977» The general trend of oxygen curve (Pig. 7) was 
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similar to those of other stations and the lowest amoiant of 

oxygen recorded was 4.60 mg/1 during September 1976. As in 

other stations the value of D.O, was comperatively low in the 

month of March, 1977, but November, 1977 showed a comparatively 

hi^er valu^lof 10,64 mg/1. 

Pree carbon dioxide s 

In Staticn-I of Ward Lake, maximum amount of free 

carbon dioxide was recorded in May,1977 with a value of 10.90 

m^/1, the lowest being 2,40 mgA recorded in January, 1978. !Ehis 

was in contrast to that of the values in January, 1977 when 

10.25 mg/1 oarhon dioxide was recorded, Again in February, 1978 

there was an upward trend in contrast to the lowering tendency 

otserved during February,1977. 

Station-II, the open water station, did not show any 

major difference in the concentration of free carbon dioxide 

(Pib,5). 'She highest was found in August, 1977 (7.16 mg/1). and 

the lowest value of 2.20 mg/1 was seen in January, 1978. In 

May,1977 a moderately higher value of 6.60 mg/1 was again 

recorded, 

Station-in exhibited the same trend in carbon dioxide 

fluctuations having two ,maxima, thehi^est concemtration was 

observed in May,1977 (11.10 mg/1), while the other maxima of 

10,00 i^X was witnessed in August, 1977. ThQ loxvrest concentra­

tion was obperved in January, 1978 with the value of 2.60 mg/1, 
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In S ta t ion IV (Pig,7) March and August, 1977 showed 

the tv/o maxima and of these the h i ^ e s t value was tha t of 

August, 1977 (15»95 mg/l)» There was a t h i r d maxima o\)served i n 

the month of March, 1977 exhibiting a concentration of 8.95 mg/1. 

In contrast to all other preceeding stations the lowest value 

was in December, 1976 with 5»25 mg/1. Both January, 1977 and 

1978 showed distinct rising tendency in the amount of free 

carbon dioxide. 

Alkalinity s 

Alkalinity readings presented in Tables- 33» 54, 35 

and 36 waa entirely due to the presence of bicarbonates only, 

No phenolphthalein alkalinity was recorded in any of the station̂ ', 

in this system, indicating the absence of carbonates and 

hydroxides, 

In Statiok-I, alkalinity was always more or less 

oonstant with only slight fluctuations. But during September, 

October and November, 1976 comparatively lox̂ rer values were seen 

with the Ic^est^ in the month of September, 1976 with 15.30 mg/1, 

The highest value of bicarbonate:, alkalinity were recorded in 

the months: of July and November,1977, values being 32,05 and 

32.30 mg/1' respectively, 

The alkaline curve in Station-II has been shown in 

Pig, 5. As in Station-I, the alkalinity date showed a gradual 

increase since September, 1976 to reach the peak value of 52.60 

mgA in August, 1977, while the lower limit was 15.60 mg/1 
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recorded in the month of Sep.Jieinber, 1976. During the rest of 

the study period alkalinity curve showed slight fluctuations, 

However, in the. month of February during both 1977 and 1978 a 

decline in the alkalinity value was seen, 

atation-III of Ward Lake also exhibited more or less 

a similar nature of alkalinity trend with the highest of 37.80 

mg/1 being recorded in June, 1977, The lowest value was 16.13 

mg/1 as seen in September, 1976* During the annual cycle 

(January *• December, 1977) two lower values recorded were in 

February and December, The hi^er alkalinity value recorded in 

the month of January,1977 (Pig. 6), 

The alkalinity curve of Station-IV (Pig. 7) showed a 

fluctuating nature with the highest value being 58,85 m^/1 

recorded in the month of March, 1977. The lowest record was 

17.90 mgA in September, 1976. During the year 1977 (January 

to December), it was observed that as in Station-Ill, February 

and December months showed lower value of bicarbonate 

alkalinity. In January, 1977 an upward trend in bicarbonate 

alkalinity was found i-Jhich was similar to that of January, 1978. 

In this station, from July, 1977 onward alkalinity value declined 

steadily till November, 1977 which showed the lowest value 

during the annual cycle of 1977. 

Phosphate i 

Phosphate data for Station- I has been given in 

Table-33 and represented graphically in Pig,4 . The hiahest 

concentration of phosphate was found to be 1,88 mgA in the 
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month of May,1977 and the lowest value recorded was 0.28 mg/1 

during August, 1977. During the annual cyole starting from 

January to December, 1977 the phosphate value was always less 

than 0,84 mg/1 except in the month of May, The month of 

November, 1977 showed slight increase in phosphate value which 

was also observed in November, 1976, The value during Pebi^ary, 

1978, on the other hand, showed a-decreasing trend unlike that 

of February, 1978 when an increasing trend was noted. However, 

the values recorded in both years were almost same with 0.57 mg/1 

(1977) and 0.56 mg/1 in 1978. 

Station-II exhibited "greater seasonal fluctuation in 

the phosphate content. Here also May, 1977 showed the highest 

value of 1,67 mg/1 and the lowest recorded was 0.2t mgA in 

July, 1977, Prom August, 1977 the phosphate concentration increased 

again and reached 0.94 mg/1 in November, 1977. 

Station-Ill showed a comparatively stable picture of 

phosphate concentration (Pig, 6). The highest recorded was in 

the month of January, 1977 (0.98 mg/1) v/ith the lowest of 0.33 mg/l 

in November,.1976. Prom March till Septem ber,1977 a period of 

decreasing values was reported v/hich increased again in 

October,' 1977. During the rest of the months phosphate curve 

did not show any marked variation, 

Station-IV of Ward lake showed a highly fluctuating 

trend in the phosphate contend* As in Station-I and II, May, 1977 

marked the hi^est phosphate concentration (2,97 mg/1) which 

gradully decreased to 0,13 mgA in the month of July, 1977. 
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Prom August, 1977t phosphate values once again increased to 

reach 1.11 mg/l in November, 1977 followed by subsequent decrease 

to 0^66 mgA in January, 1978 (Pig4 7)* 

Hitrat© t 

Nitrate as shovm in Table-35 and Pig. 4, exhibited a 

fluctuating trend in Station-I. The .maximum concentration of 

nitrates was recorded in the month of May, 1977, the value being 

1*58 mgA* The lowest value was 0*50 mg/l recorded in August, 1̂ 977• 

During the period of four months in 1976 (September -December) 

the value in -December exhibited was higher which continued to 

increase to reach the maximum in the month of May, 1977o Prom 

June,1977 onwards the nitrate content decreased gradually till 

August, 1977 (©,50 mg/l) only to increase again ixi September, 1977. 

Pebruary,1978 showed a higher nitrate value than that of 

Pebruary,1977.. 

In Station-Il the nitrate values showed a comparatively 

stable natiire with no distinct peak* January, 1977 showed the 

highest concentration of nitrate and was 1«03 mg/l \̂ hile thjS 

lowest value was in August, 1977 with the concentration of 

0,15 mg/l. Prom September, 1977r the nitrate level increased 

again to reach the value of 0.86 mg/l, Ihe seasonal fluctuations 

in nitrate vsuLue has been shown in Pig. 5. 

S.tation-111 showed four distinct maxima in nitrate 

values (Pig.6), September, 1976 presented the lowest concentra­

tion of Oill mg/l which increased gradually tî Ll the first 

maxima was reached in January, 1977 (1.05 mg/l). Prom 
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February ,1977, the nitrate concentration gradully decreased 

till March* 1977 (0*49 mg/D end increased again to reach the 

maximum in June, 1977 (1*24 mg/l)*- The other two maxima were 

in the months of Wovemher, 1977 (1*21 mg/1) and January,1978 

(1*22 mg/l>, 

Station-IV also eadiihited four distinct maxima during 

the whole study period (I'ig* 7)* The first h i ^ value was 

1>.05 ing/i recorded in Oototoerj; 1976* followed by a second 

maxima in the month of January^ 1977 (1*28 mg/1)* This maxima 

was followed by a sharp decline in nitlrate content which 

suddenly increased to 2*2i ing/l, in the month of May, 1977 

mairlcing the peaiCf IThe laat maxima was observed in the month of 

Noyember* 1977 (1*82 mg/l) while the lowest was 0;̂ 50 mg/1 
j , • - • ' . , ' . ' • ' • • 

observed in the moi:^ of August̂ . 1977* 

• I Silicate i 

i In Station-I, the highest silicate value was 5*27 mg/1 

recorded in the month of January* 1978 while the lowest value 

being 1»,52 mg/l, as seen in October* 1977* Prom September j 1976* 

an increase in the silicate cdntent was observed v/hich continued 

to a inaacioa in March* 1977, onljr %o decrease subsequently in 

Ap2rii*1977 and increased again in Me^» 1977* This: trend continued 

till August, 1977* September, 1976 and 1977 exhibited almost 

î jiiilar values (Pig*4)* 

1 In Station-̂ III silicates showed a somewhat different 

picture ill its seasonality (Tables55, Fig, 6). There Were two 
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distinct maxima with third moderately higher value. Prom 

September, 1976 onwards, an increasing trend in silicate has 

been observed till the first maxima was reached in the month of 

May^ 1977 (5,27 mg/1). June^ 1977 showed decrease in silicate 

content only to increase again to reach the peak in August, 1977 

when the concentration was 6*23 mg/1. From September, 1977 

onwards there v;as a sharp decline in the values till it reached 

the lowest of 1,76 mgA ^ November, 1977. This was followed 

by a by a moderately higher value in January, 1978 (5.51 mg/1) 

which decreased to 2.72 mg/1 in February, 1978* 

S.tation-17 on the other hand, followed a somav/hat 

different trend. Thus from September, 1976 (3,59 mg/1) onwards 

there was a tendency of silicate content to increase with minor 

fluctuations to reach the concentration of 5.40 mg/1 (July, 1977). 

This was followed by a steady and gradual decrease till 

October, 1978 (4.71 mgA) which rose again to reach the highest 

value in the month of January, 1978 (10.53 mg/1). The lowest 

value was seen in December, 1978 (1.84 mgA). Generally, the 

silicate content at this station was always higher than those 

in the other stations (Table-36, Fib* 7)i 

B. BIOLOGICAL CHARACTERISTICS t 

The study of biological characteristics were confined 

to plankton as well as to other forms associated with vegetations. 
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Fig«4 

Seasonal va r i a t i on i n the physicocliemical fac tors of 
S t a t i o n - I (VJI) of Ward Lake during September, 1976 to 

February, 1978. 
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UE^l 
Seasonal variation in the physicochemical factors of 
Station-II (WII) of Ward Lake during September, 1976 

to February,1978. 
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g ig .6 

Seasonal va r i a t ion i n the physicochemical fac tors of 
a t a t i o n - I I I (Will) of Ward Lake during September, 1976 

to February, 1978. 
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gifi>7 

Seasonal variation in the physicochemical factors of 
StationslY (VJIY) of Ward Lake during S eptember, 1976 

to February,1978. 
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(a) Phytoplaaakton s 

Total phjrtoplanlttQn recorded in WI during the 18 

months study duration has "been presented in 3?able-37 and 

FigiSa. In this station, October, 1977 presented the highest 

nimerical abundance with 78978 units/1, while the lowest 

density was,1877 unitsA in October, 1976. Both December,1976 

and November, 1977 also showed comparatively ^̂ (higher values 

than the rest of the months. 

In WII (Pig. 9a) total phytoplankton contributed 

always above 90^ of the total plankton except in the month of 

September, 1976 \Jhen it formed only 86.09^. She maximum 

numerical density was 89751.98 units/1 in November, 1976 while 

the idwest density was recorded in the month of February,1978 

with only- 5804 units/1. 

Maximum total phytoplankton recorded in Win (Table-59» 

Pig« 10a) was in the month of November, 1976 when the density 

was 26320 unitsA» which the least numerical contribution was 

1353.75 units/1 in October, 1976. Phjrtoplankton alone contribu­

ted to mope than 90^ of the total plankton but for the months 

of September and October, 1976, 

In WIV (Table-40, PigiHa), the highest number of 

phytoplankton was recorded in the month of February, 1977 and 

was 66377.00 unitsA while the lowest number recorded was 

1225.00 units/1 (November, 1977). Phytoplankton formed more 

than 90^ of the total plankton throu^out the study except in 

file:///Jhen
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September^ 1976 (74.52^) and November, 1977 (52.43^). 

©IB five major groups c£ phytoplaaakton contributed 

in different proportions in different stations of Ward Lake 

as shown in Tables -57 t 58 , 39 and 40. 

WEyxophyoeae j In WI, contribution of family myxophyoeae 

varied during different seasojis (a!at!le-37),, Septemlaer, 1976 

had low values which reached the minimum number in Octoher, 1976 

(377 units/l>, The highest number, on the other hand, was 

recorded in Octoher, 1977 with 76450^00 units/1. In terms of 

percentage composition, myxophyceae formed 96,81^ of the total 

phytoplankton in the month of Septemher, 1977, vjhile the lowest 

contribution was 9.33^ in the month of May, 1977 (Pig.Sb), 

WXI (Table-38) showed lesser density of myxophjdJa-

than in that of WI and the maximum value was 5257.25 units/1 

as seen in September, 1976, contributing 82.765^ of total 

phytoplankton. She lowest number recorded \-ias 118 units/1 in 

February, 1978. But in terms of percentage, they formed only 

0,945̂  of total phytoplankton in the month of March, 1977(Pig.-96), 

Highest numerical abundance in Win (Table-39) was recorded in 

October,1977 with 33125 imits/litre while the lowest record 

was in November, 1976 (110/1); Highest contribution in terms of 

percentage (Pig.10b) was in Ootober^ 1977 (85.24^) and lowest 

in November, 1976 (O»4250» 

The data on myxophyoeae count for WIV has been 

presented in Table-40, In this station the maximum abudance 

was in December, 1976 (15810 units/1) while the lowest being 

file:///-ias
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60,00 unitsA as seen in Kovemjaer, 1977. Contribution of 

nyxophyceae was comparatively low v/ith their highest contribu­

tion forming 49 #535̂  in March, 1977. ©leir lowest pfjlcentage 

was only 1,46$S during October, 1976 to the total phytoplankton 

(Pig^llb), 

©ilorophyceae : Contribution of chlorophyoeae in WI was 

generally much lower than that of myxophyceae (2able-57»i'ib.8b). 

They formed 20,90^ of the total phytoplankton in Jaraiary, 1977 

when the maximum number was also recorded (5853.60 unita/1), 

Lowest number per litre was recorded in the month of January^ 

1976 (87.50 units/1). On the other hand, in July, 1977 these 

algae formed only 0,58^ of the total phytoplankton. 

The lowest and highest numerical densities of 

chlorophyceae in WII (Table-38, Pig,9b) were 90,0 and 8535.33 

unitsA* recorded in the months of November, 1976 and 

September, 1976 respectively. Their numerical density was also 

less than a thousand during Ootobeî , 1976,̂  March • May, 1977* 

July,1977 and February, 1978. During the rest of the months 

the population was more than t housand unitsA* They formed 

36.53^ of total phyloplankton in September, 1977 being the 

hi^est-contribution while the lowest was 1.41Ĵ  during 

September, 1970. 

In Will (Table-39, 3'ig.lOb) chlorophyceae count was 

les than thousand/1 during September - November, 1976, April 

and May, 1977, Jiay, August and October, 1977 and February, 1978. 

/--
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In the remaining months imits per l i t re , count was more than a 

thousand units* Highest number was recorded i n March, 1977 

(9625.50 units/1) forming 59.04^ of the t o t a l phytoplankton. 

l^owest countAitre was oTaserved in Ooto\)er, 1976 (112.25 

unitsA)». however, the lowest percentage ooourrence vras in 

November, 1976 (0.96^). 

In \tVif (2able-40, Jig^llb) the maximum abundance of 

chlorophyoeae was in February, 1977 with 18877.00 u n i t s / 1 . On 

thp other hand, the i r maximum number was 121.00, un i t s /1 i n 
> 

Pebruary,1978. Except on four occasions namely October, 1976, 

in&vember, 1976, November, 1977 and February, 1978, their number 

per litre vxas more than„ thousand. Their highest contribution to 

phytoplankton was in the month of November, 1977 (80.41^) \diole 

the least was in October, 1976 (0.54^. 

Dinophyceae j Se'asonal distribution of dinophyceae was 

marked by the complete absence from plankton in WX during 

September, October and November, 1976 and August,1977 (Table-57# 

Pig.8b), During the remaining 14 months of the study period, 

highest number was recorded in May, 1977 (4496.67/1) which 

also formed the largest fraction in terms of percentage (49.3755). 

lowest density was noted in September, 1977 (15.50/1) forming 

only 0.07^ of the total phytoplankton. 

In Vill dinophyceae was totally absent only in the 

month of September, 1977 (OJablê 'ja, Pig,9b). During September, 

1976 and August,1977, their number were less than 31 units/1 

file:///tVif
file:///diole
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with the lowest in August, 1977 (3o25/l), In Octoher, 1976 also 

their number was negligible (263.50 units/I), which during 

rest of the period they were more than 2000 units/litre. April. 

1977 marked the highest number with 18164 units/1. The lowest 

and highest percentage composition was observed during August, 

1977 (0,04^) and March, 1977 (82.289S) respectively, 

The highest recorded number of dinophyceae in Will 

was 2530 \mits/l in the month of June, 1977 (Table-39,Pig.lOb), 

whereas the lov/est abundance was observed in November, 1976 

with 30.00 units/1. They were represented in the plankton 

samples throughout the study period with abundance in the months 

of May, June, July, October and December, 1977 when the 

numerical density was more than thousand units per litre. 
\ 

Dikophyceae formed 43.145S of the t'otal plankton i n April, 1977 
i 

ank only 0.11^ in November, 1976. 
I 

j In WIV (Table*40., ?ig.11b) dinophyceae was very poorly 

represented. Out of the 18 months study period they appeared 
i 

in; plankton only during the months of January, April, and July, 

1977. They forraed 200 units/1 in January, 1977 *(0.24^), 5.00 

unitsA in April,1977 (0.07^) and 10.00 units/1 in July, 1977 

(0.125S). 

Cferysophycea© j In WI (Table-*37,Pig.8b) this family was found 

to be most abundant in the month of February, 1977 (4870.00 

units/1) and the lowest was observed in^August, 1977 with 26.67 

rmits/l. In terms of percentage occurrence, April, 1977 showed 



139 

the maximum with 41.9855 whereas only 0.21^ was found in the 

month of September, 1976. During October, 1976, November, 1976, 

Angust| 1977, September, 1977 and Deoemher, 1977, the count was 

lessthaa 100/1, while in aep;temher, 1976 they were totally 

absent* 

In WII (Table-58, Pig,9b), they were always present 

excepting the month of September, 1977. Highest abundance \}a3 

noted during Hovember, 1976 with 65530/1 while the lowest being 

10,00/1, recorded in September, 1976^ ̂ [bastysophyoea© contributed 

the maximum to phytoplankton in October, 1976 when they formed 
1 r 

&3»^2% and minimum in ihe month of September, 1976 forming only 

0.l6^i Except in the month of September, 1976, 1977 and 

Pehruary, 1978, their numerical density was always more than 

1000 units per litre, 

In Will (Table-39* fib.10b) the highest occurrence 

was in December, 1976 (3600/1) and the lowest was in October, 

1976 (10,00/1). They formed 18,50jS* during December, 1976 and 

only 0,11^ in November, 1976. Diey were not recorded in the 

samples of September, 1976, February, 1977, July,1977 and 

Pebruaiy, 1978* 

I'. *' In WAIV (Table-40, Pib.llh) ohrysophyceae was 

recorded only on five occasions namely, November, 1976 (20/l| 

0,32J0, January, 1977 (4.0/lj O.Oljg), June, 1977 (30.00/lj 

0,265S), October, 1977 (120,0/13 2.03jg) and January, 1978 

(lOoOOAl 0,15S0. The percentage of 2*035$ recorded in October, 

1977 was the highest contribution of this g?oup to the total 

phytoplankton* 
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Baoillariophyoeae J In WI (a?atle-37,Pig.8t), this family 

was most dominant numerically in the month of December, 1976 

(3044/1) and lowest in number in November, 1977 with 361.50/1. 

OJhey formed" 73.13?̂  of total ph3rtoplanlrbon in October, 1976 while 

0.225s was recorded in November, 1977. Their number was less than 

a thousand per litre during February, April, May and July* 1977, 

September, October and November of 1976. 

In WII of Ward Lake (Table-38,Pig.9b) in 15 ont of 

18 months number of the baoillariophyoeae were represented, 

Highest number of diatoms were recorded in November,1976 

(4976i64/l) while the lowest was in April,1977 with 18 units/1. 

15.195̂  was their highest contribution to phytoplanlcton 

(September,1976). Ihey were absent from plankton samples during 

Pebruary, March and October,1977. 

In Will (Table*-39, Pig. 10b) minimum number of diatoms 

were 320/1 and 25910/1, recorded in the months of April,1977 

and November, 1976 respectively. They occurredthroughout the 

18 months study period and minimum and maximum percentage 

oon^osition were 98.44^ and 4.12^ during October,1977 and 

November,1976 respectively. The diatoms were always more than 

thousand units/1 except in March, 1977 (730/1) and April,1977 

( 320A) . 

In WIV (Table-40, Fig. 11b) baoillariophyoeae was 

dominant among all other groups of phytoplankton. They contributed 

to 98.00^ of total phytoplankton in October, 1976 while the 

lowest was 14.96^ recorded in November, 1977. Highest numerical 
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gifi»8a 

Seasonal fluctuation in the numerical density (unit/1) 
of total phytoplankton in Station-I (VII) of Ward Lake, 

(September, 1976 to February, 1978) 

Fig.8b 

Seasonal va r i a t i on in the percentage composition of 
phytoplankton i n S ta t ion^I (WI) of Ward Lake. 

(September,1976 to February,1978) 
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gif;»9a 

Seasonal fluctuation in the numerical density (-unit/l) 
of total phytoplankton in Station-II (WII) of Ward Lake. 

(September,1976 to February,1978) 

gifio9b 

Seasonal va r i a t i on i n the percentage composition of 
phytoplankton i n Stat ion-II(WII) of Ward Lake. 

(September,1976 to February, 1978) 
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Fig.10a 

Seasonal f luc tua t ion i n the numerical density (uni t /1 ) 
of t o t a l phytoplankton i n S t a t i o n - I l l (Will) of Ward Lake, 

(September,1976 to February,1978) 

Fig.1Ob" 

Seasonal va r i a t i on i n the percentage composition of 
phytoplankton in S t a t i o n - I l l (Will) of Ward Lake. 

(September,1976 t o Pebxuaiy, 1978) 
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gifio.11 a 

Seasonal f luc tua t ion i n the numerical densi ty (un i t /1 ) 
of t o t a l phytoplankton i n Stat ion-IV (WIV) of Ward Lake* 

(September,1976 to February,1978) 

Pif i . l lb 

Seasonal va r i a t ion i n the percentage composition of 
phy-toplankton in Station-'IV (WIV) of Ward Lake. 

(September,1976 to February, 1978) 
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abundance was 66400.00 units/1 (January,1977) while oiay 180 

units/1 was recorded in November,1977* 

(b) Zooplankton : 

Zooplankton always showed comparatively poor numerical 

density in WI (!l:able-41,Pig.12a) forming a maximum of 21*5055 

(September, 1976) of total plankton. IJhey formed only 0.44^ in 

the month of November,1977. Highest numerical density recorded in 

this station was 921.34/1 in September, 1976 while the lowest 

was 123*67/1 observed during August,1977* 

In WII (Table'-42,Fig.13a) highest and lowest densities 

of zooplankton were 1913*75/1 and 169*99/1 recorded during 

April, 1977 and Pebruaiy, 1977. During maximum abundance (April, 

1977) they formed 46.235̂  of the total plankton. Iheir lowest 

contribution was in November, 1976 forming only 0.80^ of the 

total plankton. December, 1976 also exhibited a hi^er density 

of zooplankton (1714.99/1). 

lotal zooplankton in Station WIV (Table*44»Pig.l5a) 

showed the peak value which formed 25.48?̂  of total plankton. 

February, 1978 on the other hand, showed their minimum abundance, 

the number being 58,00/1 zooplankton formed 47*57?S of total 

plankton in November, 1977 and on3.y 0.14?5 in January, 1977. The 

different organists contributing to the total zooplankton have 

been dealt with groupwise. 

Protozoa } A maximum of 640/1 has been recoiled in WI 

(Table-41,Pig.12b) in the month of January,1978 while the 

mininmm density was foimd in November, 1976 with 2.33/1. 
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Maximum and TniriiirmiTt) percentage composition of protozoans were 

85.62$S and 1,14^ encountered during January and February, 1978 

respectively* 

Protozoans were not recorded (5!able-42,Pig.15b) during 

October,1976* December, 1977* January, 1978 and February, 1978 

in W n , ©leir maximum abundance was recorded in January,, 1977 

with 650/1 and the lowest denjjity was in July, 1977 when 8.25/1 

was recorded* In this station protozoans contributed to as much 

as 92»72^ in January, 1977 and only 0.97^ in September, 1976 

whicdi was the minimum. 

in Win (!Eable-43,i'ig.14b) protozoans were recorded' 

during the entire study period. The peak in number was seen in 

April, 1977 (1830.25/1.) forming 95.64^ of the total zooplankton. 

The minimum number of protozoans recorded was 4.0/1 during 

November, 1976.. Their least contribution to total zooplankton 

was 0.33?5 in the month of December, 1976. 

The highest number of protozoans recorded in WIV 

(Table-44, Pig,15b) was in October, 1976 (157.75/1) whereas-

November, 1976 showed their lowest abundance (2.50A)* 

Protozoans foamed 35»3A% of the total zpoplankton in May, 1977 

while their lowest contribution was 0,,58̂  in November, 1977. 

Rotifera j In WI (Table-41,Fi"g.l2b) rotifera were present 

throu^out the 18 months study period. They occurred in highest 

numbers in the month of December, 1977 (257A) and the lowest 

density was in August, 1977 (12.66A). Rotifers formed 53.17^ 
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of the total zooplankton in March, 1977 and 2»54^ in January, 

1978. 

In WII (Table-42, Fig*13b) highest recorded number of 

rotifers was 222* 50A 39©^ in the month o^ December, 1977 and 

the lowest value was 6»50A in September, 1976* Highest 

percentage coE^osition was 86*59^ in Pebruary, 1978 and only 

8*65^ in the month of September, 1976, 

In Will of Ward Lake, rotifers were totally absent 

in the collections of Kovemberp 1976 (!Eable-43» Pig. 14b). The 

minimum and maximum number of rotifers v;ere observed during 

December, 1976 and April, 1977 contributing 1663.99 and 9*25 

units/litra* The hi^est and lowest percentage contributions 

were 97.03^ (December, 1970 and 0.'48̂  (April, 1977) respectively* 

They formed more than 20^ of the total ssooplankton throughout 

the season except in April, 1977* 

Rotifers were not recorded in WIV (Table-44»S'ig.l5b) 

during September^ 1976 and December, 1977. Density of rptifera, 

in this station.vjas rather low and the hi^est' number recorded 

ever was 103*00A while the lowest number was 6*'75/l in 

October,1976* They formed 58.55^ of total zooplankton in 

January, 1978 and their lowest contribution was 1*0355 in . 

November, 1977* 

Ostraooda j In WI (Table*-41<.Pig*12b) ostracods were not 

recorded throughout the study perxod and thus absent in 

February, 1977* 1978, July, 1977» October, 1977 and November,1977* 

Their highest density was recorded in Sepetember, 1976 with 
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14.67 u n i t s A and lowest i n June„ 1977 when only 0,25 animals/1 

were p re sen t . They formed 6,44^ of t o t a l zooplankton i n 

October, 1976 and only 0.0455 i n January, 1977. 

Ostracods v/ere never recorded throughout the seasons 

i n WII (2a^)le-42). 

In Will (Tal3le»43, P ig , 1413) ostracod population reached 

i t s peak i n August, 1977 when 29.53 animals/1 was recorded; They 

formed 9.14/^ of the t o t a l zooplankton i n the same month. The 

lowest number observed was 0.67/1 i n May, 1977 forming only 

0.19^ of the t o t a l zooplankton. They were present throughout 

the study per iod, 

In WIV, on the other hand, ostracods were absent during 

the months of February, May, October and Hovember^ 1977 (Table-44, 

P ig . t5b)s The h i ^ e s t numerical densi ty a t ta ined by them was 

83.00/1 (September, 1976) and the lowest recorded was 0,50/1 

obse3rved during Ju ly , 1977. Their contr ibut ion to zooplankton 

was maximum in December, 1976 (11^) and lowest i n Ju ly , 1977 

(0 ,17^ ) . 

Copepoda t popepods were wel l represented i n - a l l the seasons 

i n WI (Table-41,J ' ig. 12b). The maximum abundance was found 

during October, 1977 when the number was 125.50A* The lowest 

value recorded 'W^ 16»33/1 i n August, 1977* Copepods formed 

44.93^ of the t o t a l zooplankton in,November, 1977 and only 

2.75^ i n September, 1976; 

In WII (Table-42,i'ig-.13b) t h e i r h ighest count was 
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801.25A and lowest was 2.67/1 in September, 1976 and February, 

1977 respectively;p They fonmed a maxintum of 65f85^ in the total 

zooplankton in October, 1976 and only 0,395̂  in January, 1977. 

Maximum number of oopepods in Will (!rable-45»5'ig«14b) 

was in the month of August, 1977 (29.33'® forming 9.145̂  of the 

total zooplanktoni On the other hand, only 5.0/1 was recorded 

during January, 1978, They made the highest contribution of 

2n75SS during October* 1976 while only 0,72^ in December, 1976* 

In WIV (a!able<-44,Fig.15b) highest recorded number 

was 232.0A i n September, 1976 and the lov/est value was 4.50/1 

in February, 1978. Hi^est percentage contribution of copepods 

was 23*49^ and lowest-was 0.72$̂  recorded during the mon-ttis of 

April,1977iand December, 1977 respeotivelys 
I 

Cladooera a Oladooerans were present throughout the study 

period in WI (Table-41). Highest numerical density was recorded 

in February, 1977 <436/l) and formed 88.26^ of the zooplanlcton 

population (Fig.22). Lowest number was recorded in Januaryi1977 

with 16.8/1, while in teims of percentage they formed the least 

in January, 1978 (2.94% )w 

In WII (!rable-42,Fig*22) oladooerans were absent in 

the month of June, 1977 and foimad the highest numerical 

representation in September, 1977 with 226.00A forming 61 jS 

of the total zooplanlcton. The lowest record in numbers per litre 

was Oi50 in November, 1977, the lowest of 0«32^ in January, 1977. 

Station-WIII also had a fair representation of . 
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oladocerans throughout the study period. Their highest and 

lowest numbers were recorded in November, 1976 and July, 1977 

when 151.50 and 21.0 units/1 were observed. These organisms 

formed a maximum of 61.59^ in November, 1976 and a minimum of 

1;30^ during December, 1976 (Table-43»Pig.22). 

WIV showed a higher density of Cladocera (Table-44, 

Pig.22) with the maximum of 1084.50A (November, 1977) forming 

97.57^ of the total zooplankton. The lowest number was observed 

in August, 1977 with 49.50 animals/1 which was 4.24^ of the 

total. 

(c) Associated organisms s 

Associated organisms included members of Nematoda, 

Sporoblasts of Bryozoa and members of Inseota. In WI (Table-4^» 

Pig.12b) nematodes appeared for 10 out of the total of 18 months. 

Their highest numerical density was only 1.50/1 (March,1977)» 

contributing 0.57^ to total zooplankton. During the rest of the 

period thefr numbers never exceeded 1 animal per litre. In WII 

(Table-42,Pig*13b) nematodes were recorded only during the 

month of December, 1976 forming 0.18^ of total zooplankton 

when the numerical density was 0,67/1. Except in the month of 

May and August, 1977, nematodes were always present in Will 

(Table-43, Pig. 14b) * Maximum number recorded v;as 2.50/1 

(January, 1978) \^ile they were oiay 0,25/1 in April, 1977. 

Nematodes formed 0,98$̂  of total zooplankton in Pebruary, 1977 

and only O.OIjS in April,, 1977. In WIT (Table-f44, Pigi15b) 
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nematodas vere present throughout-the major part of the study 

period except in the months of Octoher* 1976, November, 1976 and 

September, 1977. The highest number recorded in February, 1977 

was 18*00A while the lowest was 0.50/1 in November, 1977* They 

contributed 18*97^ to the total zooplankton in February, 1978 

and their lowest was 0*05^ recorded in November, 1977. 

In VII statoblasts of Bryozoa were recorded in the 

months of October, 1976, April, Jime and October, 1977. In none 

of these months they occurred in more than 1 unit/litre and 

highest contribution made by them was 0,25j5 to the total 

zooplankton (Table*41)« Statoblasts were recorded only twice in 

plankton samples of WII, These were in Sepjfrember, 1976 (0.25/lj 

0.02$S) and November, 1976 (O.55/I1 0.17?S) (Table-.42). Although 

the contribution made by broyzoan sporoblast was never more thar 

0.5^, they appeared on 10 occasions out of 18 months in Will 

(Table-43). Their msLximum number per litre was 1.60 found in 

Januaa?yj 1977. In atation«-WIV (Table-44) bryozoan sporoblasts 

were never recorded in the samples throu^out the 18 months* 

Inseota were mainly represented by members of family 

(Jhironomidae, Ephemeroptera, Odonata, Zygoptera and Ooleoptera. 

In WI (Table-41) maximum number of insects were recorded in the 

month of September, 1976 (16.99/1) and the lowest number was 

observed in both December, 1976 (0»35/l> and May, 1977 (O.33/I). 

Their highest contribution to zooplankton counts was in August, 

1977 forming 5*39^ x̂ hile the lowest being 0.045̂  in the month of 

December^ 1976* Insects were recorded on three*!? occasions in 
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Pig.12a 

Seasonal f luc tua t ion in the numerical densi ty (No/1) of 
t o t a l zooplankton i n S t a t i o n - I (WI) of Ward Lake. 

(September, 1976 t o February, 1 9 W 

Fig.12b 

Seasonal va r i a t ion i n the percentage composition of 
zooplankton in S t a t i o n - I (WI) of Ward Lake. 

(September,1976 t o February,1978) 
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FiR.13a 

Seasonal f luc tua t ion i n the numerical densi ty (No/1) of 
t o t a l zooplaokton i n S t a t i o n - I I (WII) of Ward Lake. 

(September,1976 to February,1978) 

I'ig«13b 

Seasonal va r i a t ion in the percentage composition of 
zooplankton i n S t a t i o n - I I (WII) of Ward Lake-, 

(September,1976 to February,1978) 
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Fif i .Ua 

Seasonal f luc tua t ion i n the niunerical densi ty (So/1) of 
t o t a l zooplankton i n Stati ,on«III (Will) of Ward Lake. 

(September,1976 to February,1978) 

Pig.14b 

Seasonal va r i a t i on in the percentage composition of 
zooplankton i n S t a t i o n - I l l (Will) of Ward Lake. 

(September,1976 to February,1978) 
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Seasonal f luc tua t ion in the numerical densi ty (No/1) of 
t o t a l zooplarikton i n Station-^IV (WIV) of Ward Lsikie,. 

(September, 1976 t o PelDruary, 1978) 

Seasonal va r i a t i on in the percentage composition of 
zooplankton in Station-IV (WIV) of Ward Lake. 

(Seiotember, 1976 to Febiniary, 1978) 
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WII (Tal>le-42) forming 0,61^ C0oto\)er,1976)» 0,17^ (November, 

1976) and 0.42^ (March, 1977) of the total counts. This group 

was alwasrs represented in Will (Tal)le-43). 'She highest and 

lowest recorded numbers were 28/1 (November, 1976) and 1.0/1 

(April,1977) forming 15.11^ and 0.05^ respectively. In WIV, 

on the other hand, highest number of insects were recorded in 

March, 1977 (14.25/1)» while the lowest was in November, 1977 

(0.50A)* They formed a maximum of 8,67^ of total zooplankton 

counts in the month of November, 1976 (Table-44). 

II. PISH DkJjE POND J 

A. PH3BIC0CHEMICAL PAEAMSTEES t 

Temperature j 

Air i Highest recorded atmospheric temperature was in 

July,1977 with 25.17°C. The lowest value, on the other hand, 

was during January, 1978 when the atmospheric temperature was 

11^0, Except in the months of December, Januaiy and February, 

air tenqperature ranged between 18° - 25°C4(Table-45)« 

Water s Water teniperature in this system never exceeded 

that of the atmosphere. The highest record of surface water 

temperature was 24°0 in August, 1977 while the lowest value was 

9°C observed during January, 1978 (Fig.16). 

Hydroien ion concentration (pH) t 

Seasonal va r i a t ions i n pH has been shown i n Table-45 

and F ig ,16 . pH value was always i n -ttie ac id ic range excepting 
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in July, 1977 vjhen it became slightly alkaline with 7.18 units. 

January, 1978,showed the lowest value of 5.90 whibh was unlike 

that of January, 1977 (6.64). During the 18 months study period, 

September, 1976 onwards, there was a gradual rise in pH value 

till Januaiy, 1977 (6.64), followed by a decrease during 

February and March, 1977 only to increase again in April,1977 

reaching the value of 6.87. May and June, 1977 showed 9omperably 

lower values which suddenly rose to 7.18 in July, 1977. The 

other maxima of pH value in this sjrstem was in December, 1977 

with a value of 6.75. 

Conductivity a 

Conductivity values (Table-45, Pig.16) of Fish Dale 

pond shov/ed two maxima in addition to the peak value in March, 

1977 with 110.87 Aimhos/(Hfl. Lowest conductivity value was in 

October, 1977 when 31.65/umhos/cm was recorded. October,1976 

showed a comparatively lower value (52.12/umhos/cm) which 

gradually rose in the following months to reach the highest 

value of 110.87/umhos/cm in March, 1977. Subsequent months 

again showed a steady fall in ccaiductivity values reaching 

59.06/umhos/cm in June,̂  1977. The two other maxima recorded were 

in July and December, 1977 with 63.55/umhos/cm and 61.95 /umhô fem 

respectively. 

Dissolved oxygen t 

Results on the analysis of dissolved oxygen content 

has beeri'presented in Table-.45,Fig.l6. Highest oxygen was 
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recorded in ĵ ugust, 1977 with a"^onoentration of 10.11 mgA» 

while the lowest value was 5.24 mg/1 in Januaiy, 1978. In 

September, 1976 oxygen concentration was only 5.72 mg/1, which 

increased gradually to reach the value of 8.35 mgA i^ January, 

1977. The maximum,concentration was attained in the month of 

August, 1977, followed hy a sharp decline in September, 1977 

(10.11 mg/1 to 6.71 mg/1) only to gradually increase till 

December, 1977* January and Pebruaiy, 1978 recorded only 5.24 mg/1 

and 5.84 mg/1 respectively. 

Free carbon dioxide t 

Pree carbon dioxide eathibited a fluctuating nature 

during the study period showing five distinct maxima (Table*45, 

PigilS). These were in September, 1976 with 8.55 mg/1, December, 

1976 with 7.45 mgA» March, 1977 showing 9.05 mg/1. May 1977 

containing 8.40 mg/1 and August, 1977 with 7.15 mg/1. Carbon 

dioxide values declined steadily reaching the lowest of 2.89 mgA 

in December, 1977. 

Alkalinity t 

©lis system had a comparatively low alkalinity range 

as shown in Table-45 and Pig* 16. However, there were three maxima 

of methyl orange alkalinity (bicarbonate) observed during the 

study and the peak value v;as in the month of July, 1977 with 

38*6 mg/i* A yalue of 8*20 mg/1 alkalinity (hydride and 

carbonate) was also recorded during July, 1977 making, thus, a 

total alkalinity value of 40.85 mg/1, During the rest of the 
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study period the a l k a l i n i t y was due to the presende.of 

bioarbonates only. The other two maxima were i n Mafoht 1977 

and January, 1978 with 57.00 xng/l and 57.60 mg/1 respec t ive ly . 

The lowest a l k a l i n i t y value recorded was 10,15 mg/l ^ 

Hovember, 1976. 

Phosphate j 

Phosphate content due to inorganic POA*^ ^^ Pish Dale 

pond was found to be the highest in April, 1977 whan the 

concentration was 1,45 mg/1 (a!abl©-45,Pig.16). Prom December, 

1976 to February, 1977, on the other hand a concentration of 

less than 0.57 mg/1 was seen while the lov;est reading was that 

of August, 1977 Hhen a considerable increase in phosphate content 

reaching 0,89 mgA. During the remaining months no marked 

variation V'/as observed. 

Hitrate t 

Hitrate content aa MÔ -IT showed considerable variations 

during the different seasons and the data has been presented in 

Table*'45»Pig.l6. There were three distinct modes in nitrate 

content with the peak value in May, 1977 when a concentration 

of 1.5 mg/1 was found. The IOW^B* concentration was in Septeml^or, 

1976 with only 0.11 mgA. The two other higher values of nitrate 

were 1.07 mg/l and 1.20 mgA seen in the months of January, 1977 

and 1978 respectively. Monthly fluctuations in nitrate contents 

were not so h i ^ during the rest of the study period* 
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Silicate s 

In Pish Dale Pond, the amount of silicate, did not 

exhibit much seasonal fluctuation, the highest amount being 

7,24 mg/1 in December, 1976, !Hie lowest concentration was 

2.11 mg/1 in September, 1977. During the remaining period of 

the investigation silicate values ranged between 2 to 4 mgA 

(Table-54»Pig.16). 

B, BIOLOGICAL CHAEACTEBISIEICS 8 

Biological characteristic was studied under the 

categories of phjrtoplankton, ssooplankton and associated 

organisms* . 

(a) Phytoplankton s > 

The highest numerical density of phytoplanlcton was 

recorded in May, 1977 when a total of 43275 units A was found 

which formed 99.775^ of the total plankton. The lowest phytoplank­

ton density was in Hoveniber, 1976 with only 823 units A while 

the lowest percentage contribution was in December, 1976 with 

67.0855, Ihiring November, 1976, December, 1977 and January, 1978 

also had a density of less than 1000 unitsA was observed 

(Table-46,KLg.17a). 

Seasonal fluctuation in different groups of phsrtoplank-

ton in Fish Dale pond have been shown in Table-46. 

Itsrxophyceae t In this pond myxophyceae de:^ity was considerably 

low as shown in Pig. 17b. Both in February, 1977 and -1978 
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m^xophytea were altogether absent vrhile their highest density 

was in July, 1977 with 473 imits/1. Loi>rest abundance of these 

algae were in January, 1977 with only 2.40 units/I • Maxinnm 

contribution made by these algae to total phytoplankton was 

24.05^ in October, 1976, while the lowest was 0.01^ in May, 1977. 

Chlorophyceae t Chlorophyoeae was the most dominant group of 

phytoplankton, appearing throughout the study period (Pig. 17b). 

©leir hi^est numerical density was 59770 units/1 in May, 1977 

while the Iwest was 158 \mits/l during September, 1976*. 

Maximum and minimum percentsige contributions of 98.54^ and 

5.85^ were recorded in September,1977 and September, 1976 

respectively (Pig*. 17b), 

• Dinophycea© t Out of the total of 18 months study period, 

dinophyceae Mas recorded during only 9 months, these being 

September and December, 1976, January, March^ Jvme, Julys 

August, September and Noveniber, 1977; Highest numerical density 

was 254 units/1 in June> 1977 while the lowest was 4 units/1 

recorded during September^ 1977^ They contributed a. maximum 

of 5*45^ in March, 1977 and only 0*05^ in July, 1977 to the 

total phytoplankton (Pig. 17b). 

Chiysophyceae : Chrysophyceae appeared from November» 1976 

to Pebruaary, 1977i During the rest of the period they were not 

recorded in the plankton samplesi Among these months chrysophyceae 

was highest in' density during November* 1977 with 320 imits/li 

a!he lowest density was recorded in Deaemb-easĵ  1977 with 9 unitsA* 

Hi^est and lowest percaitage 6ontributions il^^ ̂ y these algae 
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Pig.17a 

Seasonal fluctuation in the numerical density (unit/1) 
of total phytoplankton in the Pish Dale pond. 

.(September,1976 to Pebruary,1978) 

Pig. 17̂ , 

Seasonal variation in the percentage composition of 
phytoplankton in the Pish Dale pond, 

(September,1976 to Pebruary,1978) 
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were 14*50̂ 5 (November, 1977) and I.O55S (Decembep, 1977). 

Bacillariophyoea© j Hi^est density of bacillaxiophyceae 

was in May, 1977 with 3500 imits/l while the loi-zest count/litre 

was 21 imits in the -month of November, 1977 (Pig. 17b). On the 

other hand, highest contribution in percentage was 88.50^ in 

September, 1976 and the lowest was that of September, 1976 w^en 

they contributed only 0,915̂  to the total phytoplanlcton. 

(b) Zooplankton « 

Total zooplankton numbers varied between 29 to 270 

units/l throughout the stu^ period except in December, 1976 

when a peak of 1056 units/1 was recorded (Table 47) i The lowest 

numerical density was 29 units/1 in November, 1977 . In the 

month of highest density, zooplaiikton formed 52492^ of the 

total plankton while the lowest contribution was 0.25^ in May, 

1977. Seasonal fluctuations in aooplankton have been shown in 

Pig.18a. 

Protossoa i Protozoans were recorded throughout the study 

period in System-II as shown in Pig, 18b , The highest density 

of population was during the month of December, 1976 with 1007 

units/^, • Their lowest numerical abundance was in April, 1977 

(17 units/1). Highest and lowest contributions of protozoa to 

the total aooplankton were 95.33^ and 11.04^ recorded in 

December, 1976 and April, 1977 respectively. 

Rotifera j In System'-II Jiun̂ rical density of rotifers was 

highest in April, 1977 (129 imits/l) which formed 34,76jg of 
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the total ssooplankton (Pig.lSb). The lov/est density was only 

0.75 units A observed duriiig aeptember» 1976. Rotifers contribu­

ted to 2.11^ of the total zooplankton in Deceniber, 1976 and 

were totally absent in Januaiy, 1978. 

Ostraooda t Seasonal fluctuations in ostracod density in 

System-II have been presented in Pig,18b. Ihey were found during 

6 months out of the total of 18 months study. Highest recorded 

number/litre was 4 during May, 1977 which formed 3.54^ of the 

total zooplanlcton. During the rest of the months they were 

present as less as 1 unit/litre and contributed about 1.50^ to 

total zooplankton. ©ley were recorded during the periods of 

October to December, 1976, February to April, 1977, October and 

December, 1977. 

Copepoda t In System-II highest copepod number was observed 

in September, 1977 (164 units/1) forming 65.15SS of total 

zooplankton (Pig.18b). She lowest density was 1 unit/1 found in 

the months of December, 1976, February and April, 1977. Iheir 

lowest contribution to zooplankton was 0,66^ and were not 

recorded in November, 1977 and January, 1978. 

Cladooera s Cladocerans were alv7a3rs present in System-II as 

shown in Pig,22. 130 animals/1 was the maximum recorded density 

of cladocera, observed dtiring July, 1977* Their lowest numerical 

density was in November, 1977 when on3^ 2 units A was present. 

A rise in density of these organisms was seen in Pebruai^^'t378 

with 74 units A after a period of lov/ density during November, 1977 
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to January, 1978.' Cladocerans formed 48.19^ of total zooplankton 

in July, 1977 and only ^f7H in December, 1976* 

0. ASSOCIATED ORGAlHSf©̂  5 

Due to their frequent occurrence in plankton samples, 

they were included in the study inspite of this ̂ groups being 

not strictly planktonio* In Pish Dale pond nematodes appeared 

during 9 out of 18 months of the study period, Hw/ever, their 

monthly mean density was alv/aya less than 1 \mit/l except in 

Msy, 1977 when they were as many as 20 units/l* forming 20^ of 

the total zooplaxikton. During the rest of the period of their 

occurrence, they foimed less than 1^ of the total aooplankton 

('rable-47). 

Biyozoan statocysts were encountered in plankton 

samples during November and December, 1976 and also in June, 1977. 

Their nsmerically mean density was below 1 unit/1 which was less 

than 0.17^ of thei total zooplankton (Table-47). 

In the present study insect belonging to Chironomidae 

Bphemeropta, Odnata, Zygoptera and ooleoptera were included 

despite the fact that they are not truly planktonic. The highest 

recorded number was 6 jOnits/l (December, 1976) and the lowest was 

0.20 units/1 in April, 1977. The hi^est percentage contribution 

was 14".29̂  (September, 1976) while the lowest was 0.13^ in 

April, 1977'. They were absent in the months of June and July, 1977 

and January and February, 1978 (Table-47), 
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Pig.18a 

S.easonal fluctuation in the numerical density (No/1) of 
total zooplankton in the Pish Dale pond. 

^ ' (September,1976 to February,1978) 

Pig.18b 

Seasonal variation in the percentage composition of 
zooplankton in the Pish Dale pond. 

(September, 1976 to Pebruary, 1978) 
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I I I . LADY HIDERI PAHK POlO) t 

k. PinSICOCHEMIGAL PAHAMETBES j 

She physioo<*einical da ta for the period aeptember, 1976 

to Pehruary, 1978 has been presented i n Table-48-. 

Temperafure s 

Air s The highest atmospheric temperature v/as recorded in 

July, 1966 vJhen air ten5)erature reached 24«66®C at the time of 

sampling. The lowest ten^erature value was that of January, 1978 

with 12''o, The air temperature carve of this system was closely 

similar to those of Ward Lake and Pish Dale pond (Table-48). 

Water 8 Surface water temperature (Fig* 19) in this pond 

never exceeded air teir5)erature with the highest value of 25.17°0 

in August, 1977 and lowest with 11 °C in January, 1978* The 

water temperature curve followed more or less the same trend as 

that of the air temperature (Pig. i 9 ) • 

Hydrogen ion concentration (pH)' s 

pH value rajiged between 5.56 to 6.51 (Pig.19). The 

highest î as (6.51) in July, 1977 and the lowest of 5.58 in 

January, 1978. During the whole period of study, three distinct 

maxima in pH values were recorded in the months of April, 1977 

(6.40), July, 1977 (6.51) and December, 1977 (6.50). 

Conductivity s 

Seasonal fluctuations in conductivity in System-Ill 
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have loeeii shown graphically in Pig. 19. Both March and December, 

1977 showed higher conductivity values with the peak in March, 

1977 having recorded 99.15/umhos/cm. The lowest limit of 

conductivity was found in August, 1977 with 55.82 yumhos/om. 

During the rest of the months, fluctuations in conductivity 

values were not very well marked. 

Dissolved oxygen t 

i^uctuatione in dissolved oxygen content has been 

shown in Fig. 19* The seasonal cycle was distinguished by 5 

distinct maxima with the peak value in August, 1977 (9.04 mg/1). 

She lowest concentration was found to be 2.68 mg/1 in March, 1977. 

Dissolved oxygen increased from September, 1976 onwards 

reaching 7*81 mgA i» January, 1977, forming the first peak. 

The second peak was in August, 1977 followed by a third higher 

value in January, 1978 with 8 mg/1 which declined subsequently 

in February, 1978. 

Free carbon dioxide s ' 

The carbon dioxide values showed a more flimotuating 

nature raxiging from 5.60 mgA "to 21.80 mg/1 (Fig. 19). These 

lower and higher limits were in January, 1978 and May, 1977 

respectively. During December, 1977 and January, 1978 carbon 

dioxide content was distinctly lower than that of other 

months, 

Alkalinity j 

In System-Ill, phenolphthalein alkalinity was never 
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recorded and therefore the alky was. alvcs^ due to methyl orange. 

The range of alkalinity values was 14.25 mg/l in October, 1976 

to 49.15 mgA in March, 1977. Ihe months, September, October and 

November, 1976 showed a lower value of alkalinity, \̂ hile d\iring 

the remaining 15 months study period no such marked differences 

were noted. During August and September, 1977 there was a 

depression in alkalinity cuire (Pi'̂ .19)» 

Phosphate; s 

The, range of phosphate value was from 0.59 mg/1 i n 

'-November, 1976 +o 1.21 mg/1 i n March, 1977 (P ig .19 ) . l!he two 

other higher values of phosphates v/ere 1.09^ xng/l and 0.95 mg/l 

seen i n Apri l and June, 1977 r e spec t ive ly . During the r e s t of 

the months no marked seasonal trent^r could be seen i n the 

phosphate va lues . 

N i t r a t e j 

The nitrate content showed a greater range of fluctua­

tion varying between 0.10 mg/1 in Peb3?uaxy, 1977 to 1.70 mg/1 

in May, 1977. October to December, 197T showed a relatively 

higher value ranging between 0.68 and 0.79 mg/l. On the other 

hand, February, March and August, 1977 showed comparatively 

lower values -(Pig. 19). 

Silicate j 

In lady ^yderi Park pond the h i ^ e s t concentration of 

s i l i c a t e was 12.75 mg/1 i n Januaiy, 1977 while the lowest was 
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Pig.19 

Seasonal variation in the physicochemical factors in 
the Lady Hyderi Park pond during September, 1976 to 

Pehruary,1978o 
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observed in October, 1976 when 4*87 mg/l was recorded. During 

the months of August to Hovember, 1977, silicate content was 

uniformly lov/ ranging betx-̂ een 5.00 - 5.27 mg/l (Fig.19). 

B. BIOLOGICAL CHAMCTERISTICS j 

As in other systen© biological characteristics were 

broadly studied under the heads of phytoplankton, zooplankton 

and associated organisms* 

(a) Phytoplankton i 

Seasonal fluctuations in the density of phytoplankton 

have been shown in Table-49 and Pig, 20a. Oie highest numerical 

d^QSity of phytoplaiiktons, being much lô ier than those' in other 

systems, vias 6940 units/1 recorded in Kovember, 1977. The 

lowest abundance, on the other hand, was 600 units/1 in 

September, 1977#" Sheir minimum and .kaximum contributions to 

total plankton were 65.67^ and 99.04^ recorded during March and 

Hovemberi 1977 respectively. 

Pluotuations in the seasonal density of different 

groups of phytoplankton have been shown in Table-49» 

Myxophyoeae s In this pond myxophytes were recorded 

throu^out the stuc^ period (Pig.20b)« The highest density was 

noted in Hovember^ 1977 with 3700 units/1 while the lowest was 

20 units per litre in December, 1977* They formed 62.50̂ 2 of the 

total phytoplankton in August, 1977 while in December, 1977 

their contribution was only 1.51^* 
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Chlorophyoeae s Density of ohlorophyceae was less than that 

of myxophyoeae in System-Ill (Pig«20b). The maxiinum numerical 

abiindance was recorded in July, 1977 with 1655 units/litre 

vfhile the lox̂ est density was 14 units/1 in September* 1977« 

During the months of October, 1976, December, 1976, January,1978 

and July, 1977, the numerical density of ohlorophyceae was more 

than 1000 units/1. Their maximum and minimum contributions weres 

74.71?^ and 1.56$̂  respeotivelyi 

Dinophyceae t Seasonal distribution of these algae in 

System-Ill were sporodio as shown in Fig.20b as they were 

recorded only during 5 out of the 18 months study period with 

a maximum density of 52 units/1 (April, 1977)* The lowest number 

was 0,50 units/1 forming 0.06^ of the total phytoplankton,while 

the maximum contribution was 4»95^ • 

Oirysophyceae t In course of the 18 months sampling 

ohrysophyceae \^aa recorded during 9 months in System-Ill 

(Pig,20b), lowest and highest numerical density of these algae 

were 2 units A and 460 units/1 observed during Decembeo} 1977 

and February, 1978^ respectively. They contributed to 27.19^ 

to total phytoplankton in February, 1977 and only 0,14jS in 

January, 1977* 

Baoillariophyceae j In System-IH,. bacillariophyce.ae was 

recorded throughout the study period. Their seasonal fluctua­

tions have been shown in Fig,20b. ,The maximum numerical 

abundance was in November, 1977 when 2580 units/1 was noted 
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Piff.20a 

aeasonal fluctuation in the numerical density (unit/1) 
of total phytoplankton in the Lady Hyderi Park pond. 

(September,1976 to February,1978) 

Pig.20b 

Seasonal variation in the percentage composition of 
phytoplankton in the Lady Hyderi Part pondo 

(September, 1976 to February, 1978) 
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while the lowest value was 120 units/1 in April, 1977. A. 

maximum of 81,95^ of the total phytoplankton was formed lay 

diatoms in December, 1977 while their minimum contribution was 

15.36?S in April, 1977. 

(b) Zooplankton t. 

Variations in the total number of zooplankton ranged 

from 68 - 1682 units/1 in System-Ill as shown in Table-50, 

Pig#21a. Highest and lowest values were found in March and 

November,, 1977 respectively. The zooplanktonio organisms formed 

a maximum! of 34.355̂  of the total planlcton in March, 1977 while 

their minimum contribution was 0.96^ in the month of November, 

1977. 

Protozoa % Protozoans were recorded throughovit the study 

period in this system (Pig.21b) with their peak in March, 1977 

with 326 imitsA ancl the lowest number recorded was 5 units/1 

in October, 1976i. OJhey foimed 5li33^ of the total zooplankton 

in October, 1977 while they contributed 2.4655 in October, 1976. 

Eotifera s Minimum and maximum density of rotifer populations 

were 6 units and 858 units/1, recorded in November, 1976 and 

Januaryi 1978 respectively^ They were present throughout the 

.seasons contribution 76*41^ to the total zooplankton in 

October, 1976 and 3.28^ in Decemberi 1976 (Pig.21b). 

Ostracoda t During the total of 1^ months study period, 

ostraoods were not recorded during February, May, July and 
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November, 1977 and also in Petruaxy, 197̂ 7. Ostracods were 

numerically doninant in December, 1977 (26 units/I) contriliuting 

6*60^ to the total count of zooplankton. Their lowest number 

was found in April, 1977 with a ^ u e of 0.40 units/1. OSie lowest 

percentage composition, however, v;as 0.055̂  recorded in March, 

1977 (Pig.211))« I 

Oopepoda s Copepods were well represented throughout the 

study period in System-Ill (Pig»21h). Their peak density of 

99 units/I was observed in June, 1977 contributing 39#4055 to the 

total zooplanktc*. The lowest number has been recorded in the 

rnQn-tti of January, 1977 forming ^8% of the total zooplanlrton. 

Clad opera i Oladocera population was most dominant in March, 

1977 reaching a density of 1158 units/1 (Pig..22)« The lowest 

oount/litre was observed in August, 1977 when only 8 units were 

present. Their maximum contribution in tenns of percentage was 

85*46^ (December, 1976) and minimum was 9*46^ in October,1976. 

(c) Associated organisms $ 

Except in the month of Pebjfuary, 1978^ nematodes were 

present throughout the sac^ding period in this system (Tablei»50). 

However* they were found in low numbers of which 7 unitsA 

was the maximum density in which mere trace recorded in 

November* 1976 and August* 1977. The lowest mean abimdance 

was 0*25 \mits/l in January, 1977* They contributed 12,27?5 to 

zooplankton counts in the month of May^ 1977 and only 0,02jK 

in January, 1977. 
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Pig.21a 

S>easonal fluctuation in the numerical density (No/1) of 
total zooplankton in the Lady Hyderi Paxk pond, 

(September,1976 to February,1978) 

Fig.21b 

Seasonal variation in the percentage composition of 
zooplankton in the Lady Hyderi Park pond. 

(September, 1976 to February, 1978) 
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Fig.22 

Seasonal variations in the niimerical density (No/1) of 
total Cladocera in the four stations of Ward Lake,Pish 
Dale pond and lady Hyderi Park pond. 

(Septemher,1976 to February,1978) 
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In System-Ill, statooysts appeared only 3 times in 

the plankton samples fonning less than 0,65^ of total 

zooplankton and their maximum nxmber recorded was 1 unit/1 

(Tatle-50), 

Hi^est insect population has been recorded in the 

month of Noveniber, 1976 with 9 units/1 while the lov/est value 

was 0.50 units/J (February and November, 1977). They formed 

8.82?5 of the total zooplankton counts in August, 1977 and only 

0.12^ during January, 1977,* These insects were recorded 

throughout the study period (Table«50)^, 



I I . BIOLOGY 

OGCUEEENGE OF CLAMCERAN SPECIES 

Ward Lake 
Pish Dale Pond 

Lady Hyderi Park Pond 

SEASONAL DISTEIBUTIOU OP DIPPEREKT 
CLADOCERAK SPECIES 

POPULATION DENSITIES. OP DIPPERENT 
CLADOCERAN SPECIES 

STRUCTUEE (SIZE GROUP, PEMALES WITH 
AND WITHOUT EGGS,; EGGS/BROOD, 
GAMOGEKESIS, AND SEX RATIO) OP THE 
PIELD POPULATIONS; OP DIPPERENT 
CLADOCERAN SPECIES 



179 

OCCUBKESMOE OP CLADOCERAH SPSCIES 

The different clacloceran species recorded in course 

of the 18 months study period have been listed below separately 

for each of the 4 statione of Ward Lake and Pish Dale and lady 

Hyderi Park ponds• 

«AKD LAKE » 

Station-I (WI) j A total of 11 species of (31adocera 

have "been recorded in VII of which CSiydoridae was most dominant, 

The other families recorded here included Sididae, Daphnidae 

and Bosminidae with 1, 2 and 1 species respectively as shown 

below3 

Family Sididae j 

Piaphanos oma excisum 

Pamily Daphnidae 8 

Oeriodaphnia comuta 

Soapholeberis kingi 

Simocephalua exspinosus 

Family Bosminidae t 

Bosmina longirostria 

Pamily Chydoridae j 

Chydorus sphaerioug 

Biapertura affinis 

Camptocerous australis 

Aoroperua harpae 

Pleuroxus similis 

Alone11a excisa 
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Station-II (WII) j Only 7 species representing 4 families 

were recorded in this station as shown below s 

Panily Sididae j 

Diaphnosoma excisum 

Pamlly Daphnidae: 

Daphnia luiiihd,ltzi 
Soapholeberla klngX 

Family Bosminidae t 

Bosmina lonairostris 

Pamily Chydoridae j 

Chydoms sphaerious 

Biapertura aff.inl a 

Alonella excisa 

atation-m (Will) s In Will, a total of 10 species have "been 

recorded belonging to Daphnidae, Macrothricidae, Bosminidae and 

Chydoridae. The different species recorded in this station are 

shown belowJ 

Family Daphnidae t 

Scapholeberis kingi 

Simooephalus exspinosus 

Pamily Macrothricidae s 

Ilyocruptus spinifer 

Pamily Bosminidae : 

Bosmina longirostria 

Pamily Chydoridae : 

Chydorus sphaerious 

Biapertura affinis . 

Cajuptocercus australis 

Aoroperus harpae 

Pleuroxus similis 

Alonella excisa 
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atation's'IV (WIV) s Altogether 14 species of Cladocera have 

been recorded from this station and Chydoridae were found to be 

dominant. Pamily Moinidae was present in this station. 

Pamily aididae j 

Sida crystallina 

Family Daphnidae j 

Soapholeheris kingi 

Simooephalus exspinosus 

Simocephalus serrulstus 

Pamily Moinidae 3 

Moina mi crura 

Pamily Bosminidae : 

Bosmina longirostris 

Pamily Chydoridae j 

Chydorus sphaericus 

Biapertura affinis 

Camptooerous australis 

Aoroperus harpae 

Alone11a exoisa 

Pleuroxus similis 

Alona sp« 

Alonella nana 

Thus the record of all cladoceran species occurring 

in different parts of Ward Lake, when summed up represented the 

total oladoceran species composition of the lake as listed belows 

Pamily Sididae 1 

Sida crystallina 

Diaphanosoma exojsum 
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Pamily Daphnidae s 

Daphnia luinholtzl 

Ceriodaphnia oomata 

ScapholeTaeris kingi 

Simocephalus exapjnosus 

S>liaooephalus serrulatua 

Pamily Moinidae j 

Mojna mi crura 

Family Macrothricidae s 
Ilyocryptus spinifer 

Paxnily Boaminidae: 
Bosmina longirostris 

Pamily CJhydoridae i 

Chydorus sphaericus 

Blapertura affinis 

Oamptoceroua australis 

Aoyoperus harpae 

Alonella excisa 

Alone 11a nana 

Pleitroxus Bimilis 

Atoaia Bp» 

PISH DALE POMB 3 

OJie nursery pond at Pish Dale exhibilied the following 

^gpecies composition of Cladooera during the 18 months study 

period J 

Pamily Daphnidae j 

Soapholeberis kingi 

SimnoflpTialiig e x s p i n o s u s 

Pamily Boeminidae s 

BosTniTia l o n ^ i r o s t r i s 
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Family Chydoridae t 

Chydorua sphaerlous 

Aoroperus harpae 

Pleuroxus aimllis 

Alonella exoisa 

LADY HYDEBI PABK POMP j 

A total number of 9 species of Oladocera belinging to 

families Daphnidaej Bosminidae and Chydoridae were recorded in 

this system* The species list is furnished belowj 

Family Daphnidae t 
Daphnia sp» 

Soapholeberis kingi 

Sjmooephalus exspinosus 

Family Bosminidae t 

Bosmina longirostris 

Family CShydoridae j 

Cihydorus sphaericus 

Biapertura affinis 

Aoroperus harpae 

Pleuroxus similia 

Alonella exoisa 

In Table-51 the representation of different Cladooera 

species in the 3 systems taken for comparative study has been 

giveni A total of 19 species have been recorded in these three 

systems i Ward Lake appeared to contain the maximum number of 

species, althou^ Lady Hyderi Park pond being very small in 

comparison to Ward Lake, hosted as many as 9 species during 

the different seasons. Fish Dale pond, on the other hand* 
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represented only 7 species and was still smaller in size, 

cemented and devoid of any vegetation, 

Table«51 3 Showing the occurrence of different oladoceran 
species in Ward Lake, its four stations. Pish Dale 
and Hyderi Park ponds during September, 1976 to 
Pebruao^r, 1978, 

Species 

Family Sididaej 
Sida crystallina 
Diaphanosoma excisum 

Family Daphnidae 5 
Daphnia lumholtzi 
Daplmia sp. 
Ceriodaphnia comuta 
Scapholeberis kingi 
Simooephaius exspinosus 
Simocephalus serrulatus 

Family Moinidae % 
Moina mi crura 

Family Maorothricidae > 
Ilyooryptus epinifer 

Family Bosminidae : 
Bosmina longirostris 

Family CJhydoridae t 
Chydonjs sphaericue 
Biapertura affinis 
Camptooercus austrails 
Aoroperus haxpae 
Pleuroxus similis 
Alonella excisa 
Alonelia nana 
Alona 8p« 

Total-19 

WI 

-

+ 

««» 

-

• 

•f 

• 

-

-

-

+ 

+ 
• 

+ 
•f 

4 
+ 
-

11 

WII 

-

• 

+ 
*m 

-

+ 
-

-

-

-

4-

•f 

* 

mm 

-

-

• 

-

" 

7 

Will 

-
«to 

*m 

-

-

••• 

• 

-

-

+ 

• 

4-

4 

• 

4-

4 

4 

-

10 

wiv 

% 
-

-

-

-

4 

4 

4 

4 

-

4 

4 

4 

4 

4 

4 

4 

4 

/ 

14 

*WI 

4 

4 

4 

-

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

18 

"̂ D̂ LH 

-

-

-

-

-

-

4 

4 

* 

-

4 

4 

-

-

4 

4 

4 

-

•f 

7 

•V 

-

-

4 

-

-

4 

4 

— 

-

4 

4 

4 

«• 

4 

4 

4 

-

9 

• WL represents Ward Lake, *FD, Fish Dale Pond & •LH, Lady Hyderi 
Park Pond, 
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SEASOHAIi 3)IS.TRIBUTI0N Of DIFPEREM! OLAJOCERAH SPECIES 

Seasonal distribution of different oladoceran speoies 

in WI, WII, Win, WIV, Pish Dale pond and lady Hyderi Park pond 

have been shown in Pigs, 23# 24» 25, 26, 27 and 28 respectively, 

Pamily Sididae j 

Sida crvstallina j This species is a weed inhabiting form, 

generally foiand in ponds and lakes, 

!I!his species was present only at WIV of Ward Lake 

(Iable-51)* lEhey occurred in this station for the first time at 

the end of Pebniary, 1978 and henoe no detailed study was 

attempted on this species as their density wasaalso very low, 

Distribution s Cosmopolitan, 

Diaphanosoma exoisum t This species was first recorded from 

India by Sefwell (1935) from Calcutta area. Later Biswas (1971) 

and Na^er (1971) recorded it from the state of Raj as than, India, 

Distribution j Common in tropics and subtropics, 

In the present study D, exoiBum WEIS recorded in WI 

and WIl of Ward Lake, 

WI J D, excisun̂  occurred in this station in the month of 

April, 1977 (Pig,23). 

WII s In this station D, exoisum occurred in the month of 

September and October, 1976 and June and July, 1977,while 

absent during the rest of the study period (Pig*24-), 



Pamily Daphnidae t 

DaphnJLa lumholtzi. } Sewell (1935) recorded this species from 

Calcutta, Bisifas (1971) and Nayer (1971) from Rajasthan and 

Michael (1973) recorded it from Tamil Hadu, India. 

Distrihution 8 Australia, Africa, Egypt and also wide spread in 

Asia* 

D, luiriholt25i was recorded only from WII of Ward Lake 

(Ta'ble- 51, Pig.24) and that too present only in the month of 

Fehruary, 1978. This species, like Sjda crystallina. made its 

appearence towards the last part of Pebruary, 1978, as a result 

no detailed study on its seasonal occurrence and population 

dynamics could be vrorked out. 

Daphnia sp. a This Daphina species was recorded from lady 

Hyderi Park pond. They suddenly made their appearence during 

April and May, 1977. They were not recorded any more in the 

ejrstemi An attempt was made to collect this species in the 
r 

subsequent year althou^ without success (Table-51, |8.&.28)', 

Ceriodaphnia comuta t _C. oomuta was first Tecord'ed by 

Gumey (1906, 1907) from West Bengal, India. Sewell (1935) 

again recorded it from West Bengal* Biswas (1971) and Nayer 

(1971) recorded G, comuta from Rajasthan while Patil (1976) 

recorded from the Meghalaya state of India. 

Distribution : Cosmotropioal, also recorded from China and 

Japan. 

This daphnid species was recorded only at WI of Ward 
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-lake and was absent in all other sampling stations and systems* 

In WI Oeriodaphnia oomuta has been reoorded during the whole 

of June and July, 1977. This species was absent during the rest 

of the study periled (Pig.23). 

Stoapholeberis kin^i 3 SIhis epineustic species v/as first 

reported from India by Gumey (1906, 1907) from West Bengal, 

Brehm (1936) reoorded it from Kashmir and Nilgiri Hills in 

South India. Subsequently Bisiwas (1971) and Patil (1976) 

reported it from Hajasthan and Me^alaya respectively. 

Distribution 8 Africa, Australia, North America^ Ceylon» India, 

Gezmaziy, China, Thailand and Indonesia. 

In the present study Scapholeberis kingi has been 

recorded from all the 3 systems. 

WI s This species occurred from the very beginning of the 

study (September, 1976) and continued upto January, 1977 

• (Pig.23» Table-51). S. Klngi was not recorded during 

February, 1977. April, 1977, January, 1978 and Eebnaary,-

1978. 

Wll 3 In WII, in course of the 18 months study commencing from 

September, 1976 to February, 1976, Scapholeberis kingi 

was recorded only in the months of October and November, 

1977 (Pig.24, Table-51). 

Will 8 Seasonal distribution of S.kin^i in Will has been 

- somewhat different (Pig.25). Ttey were present during 

the months of September to November, 1976, They v;ere not 
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reoorded from Deceiiiber»1976 to Pebruaâ y, 1977 while were' 

again present in March and April, 1977* They were not found 

in May and June, 1977 only to reappear in November, 1977 

and, as in the previous year, were absent during 

December,1977 till February, 1978. 

M'lV t WIV ê diibited a different pattern of occurrence of 

S. kingi. ©ley were recorded only during September, 1976, 

October, 1976 and March, 1977. During the rest of the 

period they were absent (2?ig,26>, 

Pish Dale pond % In this system S.kingi was recorded from 

September, 1976 till January, 1977. They appeared again 

in March, 1977 and were absent from plankton during the 

rest of the study period except in August and September, 

1977 (Pibi 27). 

Iiady Hyderi Park pond s Occurrence' of S capholeberis kingj was 

very patcy in this system and were only recorded during 

the months of April, July and November, 1977* They were 

absent during the remaining 15 months (Pig.28). 

Simocephalus exspinosus : This is a littoral species recorded 

from the vjeed bec^. Pirst record in India was that of Patil 

(1976) from Meghalaya. Sharma (1978) reported it from around 

Calcutta, India. 

Distribution i Cosmopolitaiii 
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Simocephalus exspinosua was present in VJI, Will and 

WIT of Ward Lake, Pish Dale as well as in lady Ifyderi Park pond, 

WI s S.-exapinosus occurred in this station in quite high 

frequency during the 18 months study period, though in 

less density. Their distribution has been shown in 

Pig,23. They were present during September and October, 

1976, absent from November, 1976 till January, 1977} 

present during February and March, 1977 and aigain absent 

during March and April, 1977«, tChey appeared once again 

in the samples of the months of June, July, ;\A\igust and 

September, 1977,* S.« exapinosus was absent in October, 

1977 only to appear again in November^ 1977 and later 

occurred during January and Pebruaiy, 1978 with total 

absence in December, 1977. 

WII t This species was altogether absent throughout the study 

period at this station (Table*5l)i 

Willi J Si exspjnosus occurred at this station throughout the 

study period except during the months of Ju.y and 

August, 1977 and also in January, 1978 (Pig*25) • 

WIV : This station showed the maximum abimdance of Simpeophalus 

exspinosua and occurred throu^out the 18 months study 

period excepting November, 1977 (Pig«26), 

Pish Dale pond 't Distribution of S.exspjnosus was restricted 

only 2 months namely, March and July, 1977 v;ith poor 

numerical density (Pig»27)4 
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Iiady Hyderi Park pond t Simocephalus exsplnosua was recorded 

during the months of November and December, 1976, 

March, April, June, July and DecemlDer, 1977, while 

heing absent during the rest of the period (Pig,28). 

Simocephalus serrulatus } HJhis is a weed iiihabî ting form, 

common everjrwhere. This daphnid species was present only in 

Station-WIV of Ward Lake and was recorded during the months of 

January, February and June, 1977 (Pig.26, !I!able-51). 

Family Moinidae t 

Moina mixrura i Brehm (1936) reported Moina mi crura from the 

Hilgiri Hills in South India* Biswas (1971) recorded this 

species from Ra;) as than in the Worth->Westem India, 

In the present study M, micrura was recorded from WIV 

of Ward lake. This species occurred throughout the month of 

October, 1977 and was absent during the rest of the period of 

study, 

Family Macrothrioidae : 

Ilyooryptus spinifer j Indian records of It, spjnifer weire 

those of Gumey (1907) from Calcutta, Biswas (1971) from 

Raj asthan and Patil (1976) from Meghalaya, 

Distribution i Pantropical; also recorded from VQk, China and 

Cuba. 

Though I,, spinifer is a bottom inhabiting form, it 

n^^t have mad© accidental appearence in the plankton collections 

of during November, 1976 at Will of Ward Lake (Table-51.Pig.-25). 

It was totally absent in all other stations and systems. 

http://Table-51.Pig.-25
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Family Bosminidae i 

Bosmlna longjrostria 9 The two earlier distributional records 

of this species in India were those of Brehm (1956) from Kashmir 

and Patil (1976) from Meghalaya. 

Distribution 5 Cosmopolitan 

Boemina longirostris was the sole species representing 

this family and was found to be present in all the 3 systems 

namely, V/ard Lake, Pish Dale and Lady Ifyderi paralc ponds* 

VII s This species was recorded in all the 18 month's collec­

tions and thus was continuously present (Pig*25). 

WII J In WII B.longirostris was present throughout the study 

period except in June, 1977 when no animal could be 

recorded (Pig,24), 

Will 8 The seasonal distribution of B* longLrostris has been 

somewhat irregular in this station as they were absent 

. during November and December, 1976, February, April, 

July and December,1977 and also during February,1978 

(Fig.25). 

VJIV J Bosmina longirostris was present during 8 out of the 18 

months study and was thus present in April, May, June, 

September, October and December, 1977 and also in 

January, 1978 (Fig,26), 

Fish Dale pond % This bosminid species appeared during 14 out of 

the 18 months study period-. They were absent from the 

samples collected during the months of November and 

December,1976 and again in March and December,1977 (Fig.27) 
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Lady Ityderi Park pond 3 Except in the months of May and July, 

t977» B, longlrostris has been represented in the collected 

saii5)les of all other months during the study period (Pig#28)i 

Family Chydoridae 9 

Chydorus sphaericus was recorded from India by Gumey 

(1906, 1907) from Calcutta and Ohakradharpur, Bihar, Brehm (1936) 

reported from Kashmir and Nilgiri Hills while Patil (1976) 

recorded this species from Meghalaya. 

Distribution t Cosmopolitan. 

Chydorus sphaericus was the most common among^ all the 

chydorids occurring in Ward Lake, Pish Dale and Lady %deri 

Park ponds, 
1 

WI s ;Throughout the season starting from September, 1976 to 

February, 1978 C^, sphaericus was present continuously in 

this station (Pig.25). 

WII J At this open water station Chydorus sphaericus has been 

recorded only during the months of September and October, 

1976, while absent during the rest of the period (Pig.24). 

Wills C.sphaerious was present throughout the study period 

(Pig.25). 

WIY t Once again this chydorid species v;as recorded throughout 

the 18 months study period in this; station (Pig.26) • 

Pish Dale pond t In this system C.sphaerious was recorded 

throughout the study period except during July to 

September,1977 (Pig.27). 
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Lady Hyderi Park pond % Chydonxa sphaericus had a oontinuous 

distribution in this system during the 18 months study 

(Pig.28)i 

Biapertura affinis s This species was reported by Sharma 

(1978) from in and around Calcutta^ India. 

Distribution s Cosmopolitan, 

In the present study this species has been recorded 

from all the stations of Ward Lake and Lady Ifyderi Peirk pond 

while was absent in Pish Dale pond. 

WI J This species was distributed almost throughout the season 

except in the collections of November, 1976 and April and 

May, 1977 (Pigi25). 

WII i Biapertura affinis has been recorded only on three 

occasions namely, November, 1976| February and Aprils 1977 

and that too in very low numbers (Pig,24)• 

Will: In Will, B, affinis was contintiously distributed from 

September,1976 to April, 1977. It was absent in May,1977 

and again present in June and Julyj1977» only to be absent 

in August,1977 followed by its presence in September,1977 

to finally disappear in October^ 1977, They appeard eigaî  

in the months of November and December^ 1977» disappeared 

in January, 1978 and again reappeared in Pebaruary, 1978 

(Pig.25). 

WIV J Distribution of Biapertura affinis was confined to the 

period of September, 1976 till the month of June,1977. 
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During this period again they were absent in November, 

1976, February and May, 1977 (Pig. 26). 

Pish Bale pond. 8 B, affinis never appeared in this station 

(Table-51), 

Hyderi Park pond : Out of the 18 months, B, affinis v;as 

present only during 8 months, namely, September and 

October, 1976» Pebruarj'-, March, June and July, 1977 and 

January and February;, 1978 (Pig,28), 

Camptooercus australis j In India this species was recorded 

by Brehm (1936) from Kashmir, Petkovski (1966) from Gujrat, 

Patil (1976) from Meghalaya and Sharma (1978) from West Bengal. 

Distribution i Also reported from Australia, USSE. 

Oanrptooerous ga.ggjgggfeiJsgXar' was present in WI, Will and 

; i 
WIV of Ward Lake while absent i n Pish Dale and Lady Hyderi Park 
ponds. * * i 

Wl I The seasonal occurrence 'of t h i s species has been shown 

i n P ig ,23 . Out of the 18! months, t h i s species was present 

during 9 months v i z . j September and October, 1976, absent 
•1 

in November and again appeared in December, 1976. It was 
I I 

absent once again during January and February, 1977. Among 

the remaining months its presence has been recorded in the 

months of March, April, Jime, July and August, 1977 and 

also in January, 1978. 

VIII J This species was absent in this station throughout the 

study period (Table-51).. 
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Will :Oamptooercus r^i?kt.i:&:^'^sIS>has been recorded in this station 

throughout the study period (Jig.25)* 

\'irf i At this station C. i^astSTdg^ii^has been recorded only 

during the months of September and October, 1976 and 

again in March and April, 1977 (Pig»26)« 

Acroperus^ harpae : Aoroperus harpae has been recorded by 

Brehm (1936) from Kashmir, Patil (1976) from Meghalaya and 

Sharma (1978) from West Bengal* 

In the present study Aoroperus harpae was recorded from 

all stations except WII of Ward Lake and was also present in 

Pish Bale and lady Hyderi Parle ponds. 

MI s Duri3ig the vxhole study period this species was not i^corded 

during 4 different months* These were December, 1976, 

September, 1977» December, 1977 and January, 1978. During 

the remaining months they were continuously present (Pig. 23) 

WII t A* harpae was never recorded in WII (Table-51).. 

Will } Except in January, 1977, 1978 and July* 1977 this species 

was recorded throughout the season (Pig.25)s 

WIY J A. harpae was present only during October and November, 

1976i During the other months they were absent in this 

Station (Pigi26). 

Pish Dale pond 3 This species was recorded only in the month of 

October, 1976 (Pigi27). 

Lady Hyderi Park pond : A, harpae was present during the greater 

part of the season and only absent during the months of 
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January, Pebruaryi August and December, 1977 and February, 

1978 (Pig*28). 

Pleuroxus similia s Pleuroxus simllis, was recorded by Sharma 

(1978) from West Bengal, India, 

Distributions Australia, Ceylon, Chile and Russia. 

Pleuroxus similis has beein recorded in Ml, Will and 

WIY of Ward Lake as well as in Pish Dale and Lady I^deri Park 

ponds. 

WI : P* similis has been distributed only in the months of 

Mardh and April, 1977 in this station (Pig.25). 

WII s This species was never recorded in this station (Table*51). 

Will; In Will P. similis was seen only in the months of 

October and December, 1976 till March, 1977(Pig.25). 

VFIV 8 At this staiTon, ĝ . similis was recorded only on 3 occasi-

one namely, March, May and July, 1977 (Pig.26), 

Pish Dale pond j Pleuroxus similis has been found to occur only 

, during the months of November and December, 1976 while 

absent during the rest of the period (Pig.27) 

Lady Hyderi Pstrk pond s This ohydorid species was recorded at 

this station on a single instance in the month of 

December, 1976 (Pig,28). 

Alonella excisa s Alonella excisa occurred in all the stations 
^ V 

of Ward Lake and the ponds at Pish Dale and Lady Ifyderi Pso-k. 

Distribution : Throughout America and Aiia. 
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WI J In WI A.exoisa was present throu^out the greater part 

of the season except during the months of April, May, 

July, September and October* 1977 (Pig.23). 

WII : In this deep open water station A. excisa v/as recorded 

only once in November, 1977 (Pig.24)* 

Will; Alone11a excisa was well represented throughout the season 

except in the months of March, October and November,1977 

(Pig»25)* 

WIV : At this station A,* excisa showed a slightly different 

picture in its seasonal distribution. Thus from September, 

1976 to January* 1977 they were present, absent during 

Pebruary* 1977» reappeared in March,1977 followed by a 

Ions period of absence upto the month of November, 1977. 

Again from December, 1977 to Pebruary, 1978, they were 

present (Pig.26), 

Pish Dale pond s A, excisa was present on only one occasion in 

the month of May^ 1977 (Pig.27). 

Lady Ifyderi Park pond $ This system exhibited a slightly ^ 

different picture with regards to the occurrence of 

A, excisa* This species was present in alternate months 

from September, 1976 till May, 1977, Prom May, 1977 to 

September, 1977, they were continuously present. In the 

month of October, 1977 they again disappeared to reapper 

in November, 1977* Prom December,1977 till the end of the 

present investigations (Pebruaiy, 1978.) they v/ere absent 

(Pig.28), 
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Fig.24 

Occurrence and seasonal distribution of different cladoceran 
species in Station-II (WII) of Ward Lake during September,1976 

to February, 1978. 
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Pig.26 

Oocurrence and seasonal distribution of different cladooeran 
species in S,tation'='IT (VJI7) of Vlard Lake during Septeniber, 1976 

to February, 1978. 
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Pig.27 

Occurrence and seasonal distribution of different oladoceran 
species in the Pish Dale pond during September,1976 to 

February,1978. 
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Pig.28 

Occurrence and seasonal distribution of different cladoceran 
species in the Lady Hyderi Park pond during September, 1976 

to February, 1978o' 
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Alonella nana, s 4< nana « a very small species of chydorid 

appeared only one© in plankton samples collected in November, 

1977 in the WIV of Ward Lake, It was not recorded in any other 

stations of Ward Lake as well as Pish Dale and Hyderi Park 

Ponds (Pig.26), 

Distribution s Holarjd?tic regions. European I3SSR to Baikal area. 

Alona sp, i This species was recorded in the month of 

December, 1976 in WIV of W&rd Lake, while it was absent in all 

other stations and systems (Pig.26), 
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POPULATION DEŜ SITIES OF DIPFEREHT OLADOCERAU SPECIIS. 

©le numerical density of different species of Cladocera 

recorded in different statior^ and the three systems are toeing 

dealt with in this Part in a comp^ative way, following the 

species sequence given in Tahle-'Sl. 

Family Sididae t 

Sida crystallina ; This species was recorded only in WIV of 

Ward Lake tov/ards the end of the 18 months study period. Hence 

no detailed pupulation parameters could be studied (Tal)le-52)« 

They were not recorded in Pish Dale and Lady Hyderi Park ponds, 

Diaphanosoma excisum s D. excisum was recorded in WI and 

WII while they were absent in Will, WIV, Pish Dale and Lady 

Hyderi Park ponds, 

WI t In WI, D. excisum was recorded only during April, 1977 

with a density of 1 animalA whidi formed 0.39^ of the 

total Cladocera count in that month (Table-52). 

WII J At this station, D, excisum appeared in the collections 

of September, 1976 with 10 animals/1. This contributed 

4i79^ to the total oladoceran abundance of 209 units/1 

during that month. This species also appeared during 

Octoberj-1976 and June and July, 1977, with insignificant 

densities (Table-52), 
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Pamily Daphnidae s 

Daphnia lumhoitzi ; Out of the total of six sampling 

stations D.lmnholtzi occurred only inWII. In this station 

highest numerical density recorded was less than 1 unit/1 in 

Pebruaryp 1978, lUhey foraied 53«33^ of the total cladoceran 

count (Table-52). 

Daphnia sp. t This species was only recorded in the Lady 

Hyderi Park pond and was absent in Ward Lake and Pish Dale.pond, 

In Lady Hederi Park pond this 3)aphnia sp, appeared only during 

the last week of Aprils 1977 with a density oi 6,4 units/I and 

formed 18,54^ of the total Cladocera (Table-52), 

Ceriodaphnia oomuta s This species was only present in the 

WI of Ward Lake, Ceriodaphnia comuta has been recorded during 

the later half of June, 1977 and extended till the end of July, 

1977. The density of this species for June, 1977 was S,75l^ 

which formed 20^96^ of the total cladoceran population of 41.75 

units/1* The density during July, 1977 was 32.67 animals/1 y 

(Table-52)* 

Soapholeberis kingi s S, gingi was recorded in all the four 

stations of VJard Lake as vfell as the Pish Dale and Lady Hyderi 

Park ponds. Seasonal fluctuations in the numerical density of 

Si'kingj has been shown in Table-53 and Pig*29. 

WI J The highest number of animals, per litaje was 17,5 units 

in October, 1977 while the lowest number recorded was 

0,40 units/1 both in January and April, 1977. 



o QZ 

The population density curve showed a moderately 

high value of 12*67A in Septemherj 1976 which declined 

gradually becoming absent totally in February, 1977* 

March* 1977 had a value of 6.25/a wliidh declined in April* 

1977 (0*40 units/1) followed by gradual rise in density 

reaching the peak value in October, 1977 with 17*50 units/1* 

The months of November and December, 1977 showed lower 

values followed by complete absence during the remaining 

two months of the study period* 

WII t At this station this epineustic form was recorded only 

during October and November, 1976 (Table-53»Pig*29)* 

S* soapholeberis counts were 0.25 and 0*55 units/1« 

Will jIn Will, the highest density of S«kingi has been 7 animal/1, 

recorded in April, 1977 while the lowest abundance was 

0*50 units/1 in November* 1977 (Table-.53»Pig.29)» During 

the 18; months study period in September, 1976 a value of 

5*25 units/1 was noted which became low in October, 1976 

(6*75 units/1) and increased again in November, 1976 to 

3*50 units/I followed by complete absence from December, 

1976 to Pebruaiy, 1977* In March, 1977 the value was 

5.75 units/I with the hi^est value of 7 units/I in April, 

1977* ME^, 1977 showed a lower value which rose again 

reasp^ 5 units/1 in August, 1977* The population density 

decreased- further reaching lowest value in November,1977 

followed by complete absence in January and February, 1978. 
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WIV J Seasonal abundance of S-, kingi in WIV has "been shown in 

Table-̂ S? and Pig.29 • Ihis species appeared only on 3 

occasions out of the 18 months study period* The minimum 

and maximum densities were 0«25 units/I and 0.50 units/I 

observed in October, 1976 and both in Hovember, 1976 and 

March, 1977 respectively, 

Fish Dale pond j S, king! populations showed different pattern 

in this pond (Table-53fFig.29). They were highest in 

density in September, 1977 with 40,50 units/1 while the 

lowest number was 1 unit/1, recorded in Septemberf 1976 

and January, 1977• The population curve showed a gradual. 

rise from 1 unit/1 to 14.67 units/1 during September, 1976 

to December, 1976 which declined to 1 unit A i^ January 

only to totally disappear in February, 1977. ta March, 

. 1977» 9 units/^ was found followed by theie total absence 

till August^ 1977 when a nevf generation appeared to have 

developed reaching the maximum density in September,1977 

) With 40,50 units/1. Hov/ever, the population diea a\̂ ay at 

the start of October, 1977 and were not recorded during 

the rest of the period, 

Iiady Hyderi Park pond t Fluctuations in the population density 

of Scapholeberis kingi in this system have been presented 

in Table-53 and shovm graphically in Pig,29. This species 

thou^ present, seemed never to have formed dense popula* 

tions. S| kingi was first recorded in March, 1977 with 



•S' 

i: 

H 

•55 

tR Pi 

IS 

Xi ft 
CO 
•H 

I 
Hi 

3; 

3 

H 
M 

M 

M 
3! 

J i l t 

o in o t -
• • • • 

204 

0 0 in o 
invo • c\j in 

• I • • t i ' I I I • ! 
KMn O O 

O O K > 0 
Q o i<>vn 
^ 1 • I I I I • • I t' I 

I t 

t I 

in o 
(N in 

• • • • 

o o 

o 
I I « I I I I I I I I I 

o 
I I 

in in o 
oj f- !n 
• • • t 

t n o f'> 

t n o m o 0 0 0 0 0 
^ - o t n o o o m i n i n 
inc*-»-cvji4'incvjtno 

I I 

tn tn 
CM tn 

I • • I 
o o 

^- in mtn 
VO CM m m 

• • • • 
CM cr» CMO 

I I > I I I I I I I f 1 

o l n o ^ - o ^ ' 0 0 o o o •<t CM'4-voinvooininuMn 
• I • • • • • • • • • • 

o VOOCMT-CO cr»aM>oo 

I I 

I t 

¥> O 

05 O 

• i f 
> o 
o <a 

. . , .H Q >» ? -P O (!> 
•I 
<!) 
O 
Q> 



gifi«2g 

Seasonal variations in the population density (No/1) of 
apapholeberis kljigi in the f oursstations of Ward Lake, 
Fish Dale pond and Lady Hyderi Pexk pond during 
September,1976 to Pehruary,1978. 
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3»5 units/1 and continued through April»1977 forming 

th,e highest density of 5.6 unita/1. They were not recorded 

during May and June, 1977. !No minor densities of 0.25 

units and 0.50 units/1 were noted during July and Noveinber, 

1977 respectively* 

Simocephalus exspinosus s Except for WII of Ward Laice this 

species appeared in all other sampling stations* 

WI } The highest numerical abundance of this species in WI was 

381 imits/l in Pebruaryt 1977 while the lowest was in 

May, 1977 with only 0,33 units A - Population dynamics of 

S'̂  exspinosua. in WI has been shown in Table-.54 and Pigi,30, 

February, 1977 and 1978 showed the two numerical maxima 

of Simocephalus populations v/hile during the rest of the 

study period population density showed little fluctuation 

as it ranged from 0%33 units to 4 units/1 only. 

WII J Simioephalus exspinosus was never re,©orded in this 

station, 

Will J Table-54-,Pig>30 show the seasonal fluctuations in the 

population density of S, exspinosus in Will, Except during 

the months of July,1977 and January, 1978, this species 

appeared throu^out the season. Their highest abundance 

was marked by 38 units/1 observed during November, 1976 

while the lowest was in January, 1977 when only 0,2 units/;! 

was seen-, IHumerioal density of Si.exspjnosiis was restricted" 

to the range of 0,20 * 5 units/I except for the month of 
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peak density obseinred in Uoveniber, 1976* 

WIV t In Wrv Simooephalus exspinosus showed highest ab-undanoe 

as compared to all other sampling stations (!I?able-54f 

Fig»30)» Their maxiiirum density v̂ as 676,50 units/1 in 

September, 1976 forming 77»05^ of the total cladocera* 

Iheir lower limit, on the other hand, was 0.50 imits/1 

(February, 1978) forming 5.0^ of the total Cladocera, 

From Sfeptember, 1976 onwards Simooephalus populations were 

continuously recorded till October, 1977f although during 

the last three months (August, 1977 - October, 1977) 

their number dwindled to a negligible limit followed by 

complete absence during November and December, 1977* In 

January and February, 1978, they were recorded once again 

though in poor densities, 

Fish Dale Pond s In this station Simooephalus was recorded only 

twice forming less than 1^ of the total cladocera (Table<-54, 

Fig. 30),, In March, 1977 unit/1 was recorded whicdi formed 

0.93^ of total oladocerans while in June, 1977 only 0.25 

units/1 was recorded forming 0,19^ of the total. During 

the 18 months study period^ this species was recorded 

altogether in 7 months (Table-54»Fib.30)i ©le maximum 

numerical abundance was 5 units/1 in March, 1977 vjhile the 

lowest number recorded was 0»25 units/I in the month of 

June, 1977. They had a somev/hat- sporadic distribution in 

this pond and weare recorded during November and December^ 

1976-, March and April, 1977 June and July, 1977 and ̂ "̂ '̂'' 

I -^ / 
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Seasonal variations in the population density (No/1) of 
Simocephalus exspinosus in the four stations of Ward Lake, 
Pish Dale pond and Lady Hyderi Park pond during 
September, 1976 to February, 1978. 
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November* 1977. 

Simooephalus aerrulalms t This species was recorded only in 

WIV of Ward Lake in December, 1977 forming a population of 0»25 

units/1 densityi* They were not recorded in Fish Dale and %deri 

Park'ponds (Tal)le-52), 

Family Moinidae j 

Molna mi crura, s Moina micrura. was recorded only in VilV of 

Weu?d Lake and were absent in all the rest of the stations and 

the two other systems* This species appeared only once during 

the 1st week of October, 1977 with the density of 1 unit/lj 

thus resulting in the monthly average value of 0^25 units/1 

(Table-52)], 

Family Maorothricidae 3 

Ilyooryptua spinifer s Ilycryptus spinnifer was recorded only 

in Win of Ward Lake (Table-52) • They were not found in any of 

the other -saa^ling stations^ In Will, they were found only 

during October and Hovember> 1976 with 4 units/1 and 5 units/l 

respectively* In October, 1976 they contributed 7,48^ to the 

total Oladocera while only 2*28^ ;in Hovember, 1976# 

Family Bosminidae t 

•Booming longirootrio « S*. ̂ .on^roatrig was present in all 

sampling stations. 

VII :Seasonal fluctuations in the population density of 

B, 1 on^irostris in VII have been shown in Table-55 and 

Fig*31^ The highest numerical density of this Bosminidae 



2©9 

was in December, 1977 vitJi 288 units/I while the lowest 

was in January, 1977 when only 2*2* unita/1 were found. 

Prom September to November, 1976 these orgamism'did-riot 

exhihit much difference in population density which was 

followed by a maxima in December, 1976 (284 units/l). 

The density became low in January, 1977 only to increase 

gradually till April, 1977. After a second low value in 

May, 1977, the count per litre increased once again till 

higher values of 240 and 275 units/1 were observed during 

September and "̂ October, 1977. In December, 1977 the highest 

value v;as seen while low densities were obseinred in 

HovemToer, 1977# January and Peloraary, 1978. 

WII : In this station B̂ . longirostris was present throughout 

the study period except in June* 1977. Kieir highest 

recorded number was 225 units/1 while the lowest was 0.50 

units/1 observed in September, 1977 and also in August and 

November, 1977. Both September, 1977 and 1978 showed 

higher population densities with 198 units/1 and 225 units/I. 

The densities were low from October, 1976 to August,1977 

and also from October, 1977 to February, 1978 (Table-55, 

Pig. 51). 

Will: In Will the maximum numerical abundance of B.longirostris 

was in September, 1977 with 15.50 units/1 while the 

lowest number was found in January, 1977 with only 0.40 

units/1. Three distinct maxima were observed during 
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September,1976, January, 1977 and September^ 1977. During 

the months November and December, 1976, February, July 

and December, 1977 and also in February, 1978, Bosmina 

longirostris was not recorded at this station. The winter 

maxima observed in Station-XII was not recorded here. 

WIY t The hi^est density of Bosmina population was observed in 

this station (Tabl0-55#Fig.3l)» Minimum and maximum 

densities of B* longirostria were 0,20 units/I and 1080 

units/I recorded during September, 1977 and November, 1977 

respectively* This species waa not recorded during the 

months of Sept^nber, 1976 to December, 1976, February, 

March, July and August, 1977 and also in February, 1978. 

Pish Dale Pond S Seasonal fluctuations in the population 

density of B« longirostris have been shovm in Table-55, 

Fig.31. The total range of pupulation density of this 

species in this sjrstem varied from 0*50 -81.15 units/1. 

The highest was recorded in the month of July, 1977 while 

the lower limit was those of September, October and 

November, 1976. Bosmina was not recorded during December, 

1976,March,1977 and November, 1977. April,1977 to October, 

1977 showed hi^er values v/ith a peak in July, 1977 with 

81*15 units/1. After a lov; density of 1 unit/1 in 

January, 1978 the population density showed increase in 

February, 1973 with 27units/l, 
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Pig.31 

Seasonal va r i a t ions i n the population densi ty (No/1) of 
Bosmina lon^i i -ostr is i n the four s t a t i ons of Ward Lake, 
Fish Dale pond and Lady Hyderi Park pond during 
September, 1976 t o February, 1978o 
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Lady Hyderi Park pond j Of the total 18 months Bamplixxg period* 

B« longirostria was almost always present in this system 

except in the months of May and July* 1977 as shown in 

a!able*-55 and Pig.31. The hi^est density of B.longiroatris 

was in Marchj 1977 with 1082*50 units/1 and the lowest 

was 0,25 units/1 in June* 1977. Three distinct maxima were 

observed during the study period. The first higher value 

was seen in January, 1976 with 711.00 units/I, followed 

hy the peak value (1082-5) in March, 1977 while the third 

higher value was recorded in Decem"ber̂  1977 with 225 -, • 

units/1. Both the months of December,1976 and January*1977 

exhibited somev/hat higher values. During the rest of the 

period B.longlrostris ranged between 0*25 to 52*50 unitsl. 

Family Chydorida© « 

caiydorus sphaericus s 0;sphaericus was present in all of the 

3 systems and also in all stations of Ward LakSi 

WI J In WI Qisphaericua, was present throughout the study period 

(Table-56, Pig*32)i In September, 1976 the numerical 

density was 14.33 units/I which gradully declined to reach 

14 33 units/1 in December, 1976; Prom January, 1977 an 

increasing trend was noticed reaching the value of 29 

units/1 in Pebruary^ 1977; Marchj1977 marked another low 

density period with 3*50 units/1 followed by an increase 

in April, 1977 and in May, 1977 the density reached 

11*67 units/1 which again declined till July,1977 only 

to increase further to reach the veilue of 15 units/1 in 



213 

October* 1977. Prom November, 1977 t o January, 1978 the 

poipulatioii was low i n densi ty while Pehruary, 1978 showed 

a d i s t i n c t maxima with 25.50 •onitsA*' I*owest and highest 

dens i t i e s were 1«35 and 29 u n i t s / I recorded during 

Deoemberi 1976 and February* 1977 r e spec t ive ly . 

WII i In t h i s open water s t a t i o n Chydorus sphaericus was 

recorded only during September and October, 1976 and a l s o 

during September, 1977 (!i!able-56#Pig»,52). H i ^ e s t numerical 

densi ty was 1 u n i t / 1 during September, 1977* 

Wi l l : S.easonal f luc tua t ions i n the population densi ty of C. 

sphaeriena has been presented i n Table-56 and P i g . 52. 

, This species was present t h r o u ^ o u t the study period i n 

Villi and t h e i r maxiimim densi ty was 45 u n i t s / l i n November, 

1976* IPwo other maxima i n densi ty were i n March, 1977 with 

31fe25 i m i t s / 1 and November, 1977 with 40 u n l t s / l * lowest 

numerical abundance was i n August, 1977 when a density, 

of 2»75 u n i t s / i was recorded* 

Vtit t I n WIV populat ion dens i ty of 0. ' 3i)aericua. was (fable-'56, 

Pig* 52) maximuia-in September* 1976 with 100 u n i t s / 1 and 

continued t i l l Octoberi 1976* (Ebey disappeared completely 

i n November* 1976 only reappear i n December* 1976 when a 

densi ty of 28*75 u n i t s / I was recorded. Prom January 

t o August*' 1977 population densi ty of G» spaericua ranged 

between 1*75 * 19*25 u n l t s / i . August, 1977 eachibited a 

densi ty of 60 u n i t s / 1 which declined subsequently to 
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reach the value of 5.50 imots/1 in January, 1978, OSie 

ixiwes-t density, however, was recorded in August, 1977 

with only 1.75 units/l» 

Pish Dale pond » ©le nsmerioal density of C.sphaericus in this 

system is as shown in Table-56 and Pig.32. During period 

from September, 1976 to December, 1976, October and 

Hovember showed comparatively higher density with 10.50 

and 11.25 units/1 respectively. In itecember, 1976 and 

January, 1977, the population density was loiir while 

February and March, 1977 showed active period of growth 

and the population continued till* June, 1977 only to 

disappear in July, 1977* 0* sphericua a?eappeared again 

in the plankton samples in October, 1977 which reached the 

maximum density in February, 19TO with 24*50 units/1, 

The lOK-jesi, value was recorded in June, 1977 with 0.33 

units/I. 

Iiady %deri Park pond s The lowest and highest numerical 

abundance of Chydorus spaericus in this system were those 

of August, 1977 and November, 1976 \-iith 1.67 and 119.33 

units/1 respectively, a?his sjrstem showed a higher 

population density during the ma;Jor period o^ the season 

when compared with other systems. With the exception of 

August, 1977 when the lowest density was seen^ niunerioal 

density values ranged between 3.4O • 119*33 units/1, 
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Seasonal variations in the population density (No/1) of 
Caiydorus sphaericug, in the four stations of Ward Lake, 
Pish Dale pond and Lady Hyderi Park pond during 
September, 1976 to Pe'bruary, 1978. 
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Biapertura affInis j Biapertura affinls was recorded in all 

the three systeins and in all stations of Ward Lake (Table-57). 

Wit In WI the highest recorded number was 8,0 units/I 

observed in September, 1977. Although their number was 

not very high* B.affinis was alvrays present except in 

November* 1976 and April and May, 1977. Lowest numerical 

density v;as found in December, 1976 with 0.55 units/1. 

and their range of density value betv/een December, 1976 

to Mafeh, 1977 was 0.55 to 2.5 units/1. Prom the month 

of June, 1977 to February* 1978, B* affinis was continuous-

ly present ranging from 0.50 to 8.0 units/1 (Table*57f 

Pig.55). 

WII : In Vtll B.af finis was recorded on ojaly 5 occasions namely, 

November, 1976, February, 1977 and April, 1977 with a 

maximum density of 0.55 units/1 (Table-.«57,i'ig.55). 

WillJ Numerical density of B* affinis in Will has been 

presented in Table-57 and Pig.55. Highest number of 

individualsw was observed in September, 1977 with 14 

units/1. During the total of 18 months study period ' 

commencing on September, 1976, the population density was 

of a fluctuating nature. The September, 1976 collection 

marked by 5 units/I increased to 7.5 units/I in March, 

1977, though with minor fluctuations. In April, 1977 

the density decreased to 4.5 units/1 and B. affinis ' 

disappeared in May, 1977. Among the remaining months 
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they were absent in August and October, 1977 and 

January, 19*^. Except in the month of September, 1977 

vflien the highest value of 14.0 units/1 was recorded, 

numerical density of B. affinis .ranged between 0.75 to 

3 units/1i 

WIV J In WIV Bi affinis was recorded only during September, 1976 

till June, 1977. Hi^est density of B, affinis was in 

September, 1976 with 11 units/I and the lowest value was 

Oi2 units/1 recorded in the months of October, 1976 and 

January, 1977. During their period of occurrence silso 

(September, 1976 - June, 1977). Bi affinis was not 

recorded in the months of November, 1976, February and 

April, 1977* During the rest of the period the density 

was nevQT more than 2 units A (Table-57, Pig. 53)* 

Pish Dale pond } In this system B, affinis was recorded only 

in October, 1976 with a density of 0.25 units/1 (Table-57)* 

iady Ifyderi Park pond 9 In this system, the seasonal fluctuations 

of the numerical density was somewhat different (Table*-57, 

Pigb55)* The highest density was recorded in June, 1977 

with 8,75 iinits/l. In course of the 18 months study, 

they were recorded on 9 occasions v;ith September and 

October* 1976 showing a density of 0.25 units/1. Densities 

during January to March, 1977 ranged between 1 to 1.75 

units/I while June and July,1977 showed a density range 

of 4,0 to 8*75 units/1* January and February, 1978, on 
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Seasonal variations iu the population density (No/l) of 
Biapertura affinis in the four stations of Ward Lake, 
Pish Dale pond and Lady Hyderi Park pond during 
September, 1976 to February, 1978. 
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the other hand, had the densities of 2.0 and 1.0 units/I 

respectively. 

Camptooerous austrarlris i C. australis xiras recorded only 

at WI and Will and WIV of Ward Lake. ThLa species was absent 

in Pish Dale and Lady Hyderi Park ponds* 

WI ) Seasonal fluctuations in the numerical density of 

S» auBtralia in WI has laeen presented in Ta)jle-58 and 

JPig«34. The maximum density was observed in December, 

1976 with 12.67 units/l while the lowest was 0.35 units/1 

observed in September, 1976, This species continued from 

September,1976 till January, 1977 showing higher densities 

during the last two months, They were not recorded 

during JPebruary, 1977 and were present continuously from 

March to August, 1977 with a maximum density of 2.53 

xmitsA (July, 1977). In January, 1978, 8.0 units/1 was 

recorded. They were absent from September to December, 

1977 and February, 1978. 

WII jjO. austrilis was not recorded in this station. 

Will J jC. australis wag present throughout the study period 

except September, 1976 and March and October, 1977. With 

their absence in September, 1976 £. australis 

continued through October, 1976 till February, 1977 

showing highest abundance in Januaiy, 1977 with 5 units/1. 

This population died at the end of Pebruaiy,1977 and 

were absent throu^out March, 1977. In the month of April, 

1977, G, australis reappeared again to continue till 
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September, 1977 with the maximum numerical density of 

5 units/1. After a period of absence during October, 

1977 ̂ » australis continued.from November, 1977 till 

Pebruary, 1978. The peak value of the numerical abundance 

was 16.50 units/I observed in November, 1977. The lowest 

number was recorded in June, 1977 with only 0.75 units 

(!rable-56,Pig.34). 

yilj ; In WI7 £. austrills showed two distinct pulses of the 

population (Table-58, Pig. 54). 2!he first continued from 

September, 1976 till November, 1976 when the highest 

seasonal density was 5 units/1 recorded in November,1976. 

!Ehe second population arose in the month of March, 1977 

and continued till April, 1977 with a density of 0.25 

units/1 in both the months* 

lady Hyderi Park pond t G» aus trills was absent in this pond. 

Aoroperus harpae s Acroperus heirpae was recorded in all 

the systems except in WII of Ward Lake. 

WMI :Numerical density of A. harpae fluctuated during different 

months in WI (Table-59, Pig.35). Highest population 

density was seen in September, 1976 with 21.67 units/1 

which declined to 13.25 imits/1 in October, 1976 and 

again increased in November, 1976 to the value of 18.33 

units/1. This species was not recorded during December, 

1976, September and December, 1977 and also in January^ ; 

1978. Acroperus harpae was continuously present from 
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January to-August, 1977 v/ith a density of 5 "to 11.50 

units/I. During the 18 months study period 2 maxima were 

observed during Pebruaiy and April, 1977 with 11.50 and 

8.60 units/I, althou^ the peak value was in September, 

1976 as mentioned earlier, 

WII jAoroperus harpae was not reoorded in this station. 

Will j&eaaonal fluctuations in thepopulation density of 

A. harpa6 in Will have been shown in Table-*59 and Pig.35* 

lowest and highest numeribal densities were those of 

August, 1977 and November, 1976 with 0.67 and 24.50 

units/1 respectively. They were not recorded during 

September, 1976, January and July, 1977 and January,1978. 

Prom October, 1976 A, harpae populations increased to 

reach the hi^est value in'November, 1976 followed by 

a declined in December, 1976 only to disappear in 

January, 1977. In Pebruaiy, 1977 they appeared again 

with 7.67 uaaits/l which declined in March, 1977 and rose 

again to reach a density of 24 units/I in April, 1977> 

followed by a gradual decrease and cor^lete absence in 

July, 1977. Prom August to December, 1977, this sped-es 

was continuously present ranging between 0.67 and 12.50 

units/1* A value of 6 units/1 was recorded in Pebruaiy, 

1978 though they v/ere absent earlier in January, 1978, -

WIV J In station WIV A. harpae was recorded only during 

October, 1976 with a density of 0.25 units/1 (a:able-59)» 
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Seasonal va r i a t i ons in the population densi ty (Ho/1) of 
Camptocercus aus t r a l i a in the four s t a t i ons of Ward Lake, 
Fish Dale pond and Lady Hyderi Park pond during 
September,1976 to February*1978o 

Fig .33 

Seasonal va r ia t ions in the population densi ty (No/1) of 
Acroperus harpae in the four s t a t i ons of Ward Lake, 
Fish Dale pond and Lady Hyderi Park pond during 
September, 1976 to February, 1978. 
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Fish Dale pond 8 In this pond also 4. haypag was only found 

m October,, 1976 ̂ l̂ith 0.25 \mits/l* 

Lady Ifyderi Paxk pond t In this system A» JiaCTae was ahsont 

during January» Fel>ruary» August and December, 1977 and 

Pebruaiyt 1978. The numerical density was ne^ev very 

high and the highest value was 5.25 unite A in Sep^ss^er, 

1976 followed by gradual decline reaching 0.35 uniteA 

in December, 1976 and subsequently disappeared from 

plankton in January end February, 1977- In March, 1977, 

the density was 0.29 units/1 î hlch gradually increased to 

reach 2,J5 unlts/l in Jtaly,' 1977 only to disappear in 

August, 1977. During September, 1977 the numerical density 

observed waa 2.50 unite A followed by 1 unit A during 

October and Hovember, 1977* Siis species disappeared in 

December, 1977 onl̂ f to reappear again in January, 1978 

wi-tti 5 unitsA* 5!he lowest and hi^est numerical 

densities were o,2 unitsA ia August, 1977 and 5*25 unitsA 

in September, 1976 respectively (Table-99i^B'i6f55). 

gleuroKUQ simili^ t ^, similie was recorded in ail the 3 

systems except in the W U of VJard Itakê  

Vil 8 In Wl, gleurojO:>Q similis, was only present during the 

months of January and Pebruary, 1977 forming a maximum 

density of 0.75 unitAi* 

Will 5In Will of Ward Iiake, Pleuroxua similia showed a maximum 

density of 7.53 unitsA ia February, 1977 (Table«60), 
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This species was also recorded in October, 1976 (0,25 

units/I), December, 1976 (1,33 tmits/l) and January,1977 

( 4 units/I), 

W IT J Pleuroxus similis occurred in WIV only in March, May and 

July, 1977 (Table-60). The population was never more than 

0,75 units in density. 

Pish Dale pond j P,̂  similia occurred only during November and 

December, 1976, The density of,population never exceeded 

0.67 units/1 (Table-60X. 

Lady Hyderi Park pond s PXeuroxus similis was recorded during 

December, 1976 and the numerical density observed was 4*33 units/I 

(Table-60). 

Alonella Ibcoisa s This species was present in all stations of 

Ward Lake and also in Pish Dale and Lady Ryderi Park ponds. 

Vtl s Data on the population fluctuations of ̂ * excisa during 

different months of the study period have been shown in 

Table-61 and Pig.36* Minimum and maximum densities of 

Alonella in WI were in September, 1976 with 1$#33 units/1 

and in November, 1977 with 0.50 units/1 respectively. 

Alonella excisa was absent diiring October, 1976, April, 

June, July and September, 1977. This species was distinctly 

higher in numbers during September, November and December, 

1976. During the rest of the p riod Alonella pt)pulation 

ranged between 0,50 to 6,50 unit/1, ' 

WII s In WII Wlonella excisa was only recorded during JUTovember, 1976 
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and March, 1977 with 1 ujiit/l Q^^ 0.25 unit/1 respectively 

(TaTDle-61). 

Wills Alonella excisa was always present in this station except 

in Octoher and Novem"ber,9177. ©le highest density of 

21#25 units/l was recorded in September, 1978 which 

declined to 4.75 \mit/l in Octoher, 1976 only to increase 

again in Novemher, 1976 followed by a decline in 

December, 1976. In the year 1977, the number of these 

organisms > varied between 1-7/1 except in the month of 

September, 1977 when 12.5 unitA was recorded. During 

January and February, 1978 the density values were 6 units/1 

and 2 units/1 respectively (Table-61,Pig.56), 

Pish Dale pond t In this station Â . excisa was only recorded 

in the month of March, 1977 with an average density of 

5 unitsA (Table-ei). 

Lady Hyderi Park pond t In this system the highest number of 

Alonella excisa was in June, 1977 with 21.75 units/1, 

while the lowest value was those in September, 1976 and 

November, 1976 with 0.50 units/1 (Table-61,Pig.36). 

During the total of 18 months samplii:̂  A. excisa was 

recorded during 10 months and were absent during October 

and December, 1976, Pebruary, April, October and 

December, 1977 and also during January and Pebruary,1978. 

They were present in alternate months starting with 

September, 1976 till April, 1977. During March, 1977 to 
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Figo36 

Seasonal variations in the population density (No/1) of 
Alone11a excisa in the four stations of Ward lake, 
Pish Dale pond and Lady Hyderi Park pond during 
September,1976 to February,1978. 
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aepteuiberf 1977 Alonella exolaa vras present continuously 

and showed, the peak density in July, 1977 (21.75 units/1). 

Alonella nana } • As shown in a}able-52» Alonella nana was 

recorded only WIV of Ward Lake, This species never appeared in 

other stations of Ward lake nor in Pi^ Dale and Lady E^deri 

Park ponds. In WIV also, A. nana appeared only in the month of 

November, 1977 v/ith a density of 0.25 units/1, 

Alona sp, s Alona sp, appeared only in WIV of Ward Lake, 

while absent in all other stations and systems* This species 

was recordjed in December, 1976 in two out of the four samples 

collected in that month, The average density was 0,50 imits/1 

(Tablets 2) A 
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STEUCTUEE (SIZE GROUP, FEMALES WITH AHD WITHOUT EGG, 
EGG/BROOD, GAMOGENESIS AHD SEX RATIO ) OP THE FIELD 
POPULATIONS OP DIPPBEENT OLADOCERAU SPECIES. 

Results of the size group, fecundity, sex ratios and 

the ratio of egg bearing and non egg bearing females are 

presented. Same species appearing in different stations weis 

analysed separately. Thus the present results are based on the 

detailed analysis of the population structure of the daphnid, 

Simopephalus exspinosua. a bosminid, Bosmina longirostris 

and four chydorid species namely, Qhydorus sphaerious. 

Pleuroxus similis. Aoroperus harpae and Alonelis exoisa. Size 

6roup-I represented preadult instars in all species, 

Simopephalus exspinosus s 

Detailed analysis of the population structure of 

Simocephalus exspinosus was conducted at WIV, The smallest 

animal recorded was 0.58 mm in length while the maximum length 

recorded was 2.025 mm. The total length range was grouped into 

five size groups. Thus Group-1 which represented preadult 

stages ranged between 0.55 - 0.85 mm while the length of 

Group-II, III, VJ and V ranged between 0.85 - 1.15 mm , 

1.15 - 1.45 mm, 1.45 - 1.75 mm and 1.75 * 2.025 mm respectively, 

WIV :Data collected during the 12 months study on the 

population structure of Simocephalus exspinosus at 
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WIV has been presented i n Ta.l3le-62 and Pig%57. Percentage 

ooourrence of d i f fe ren t s i ze groups var ied during di f ferent 

seasons. 6roup-I ( juveni le) was more during September,1976 

and Ju ly , 1977 contr ibut ing 41 and 425? of t h e analysed 

specimens (Pig.37b)» The h i ^ e r incidence of Group-I 

general ly coincided with h i ^ e r f i e l d densi ty of the 

species (P ig .37a) . Contributions of the members of Group-II 

never exoeedeasi^ of the t o t a l esccept i n August, 1977 

when t h i s group formed 76% of the t o t a l . H i ^ e s t percentage 

occurrence of Group-III ( 1,15 -1.45 ma) was i n March, 

1977 fonaing 37% of the t o t a l . Percentage contr ibut ion 

of Group-I7 ranged betweeai 9 to 595? of "the animals s tudied, 

6roup*V (l #75 t o 2.2025 mm) was not recorded continuously 

and-ftiey contr ibuted a maximum of 18^ i n February, 1977. 

Ihiring the 12 month study period (September, 1976 t o 

August, 1977), females with en5)ty brood pouch were always 

recorded i n the f i e l d population (Pig»37o) though with 

var ied densi ty (Tabl0-62). Maximum incidence of non-

ovigerous mothers were recorded in August, 1977 forming 

555? of the t o t a l while t h e i r lowest cont r ibut ion was only 

25?, recorded during September, 1976. 

Fluctuat ions i n the mean egg/brood for a l l s i z e 

groups has been shown i n Pig.37a« Maximum monthly average 
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gifi«?7. 

Showing pop-ulation structure of Simooephalus exspinosus 
in Station-IV (WIY) of Ward Lake. 

a. Seasonal variations in brood size and population 
density (No/l). 

"bo Seasonal variations in the percentage composition 
of dif ferent s ize groiaps, 

c . Seasonal veiriations i n the percentage composition 
of juven i l es , egg-bearing and non egg-bearing 
females, 
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egg/l>rood for all size group was 9«75 recorded during 

December, 1976 while the least productive month was 

August, 1977 with 4«83 egge/brood. The annual mean egg 

for all size groups was 7.16/brood, Annual mean egg/ 

brood for the different size groups showed variations. 

Among the adult size groups, Group-V was the most 

productive with 10.28 eggs while the range of variation 

in egg production was 5.08 to 10.28/Brood in different 

size gsoups. 

Females with ephippiura were recorded during November 

and December, 1976 and January, March and Ms^, 1977 

forming a maximum of ^3% of the 100 animals analysed. 

However, no male specimen was recorded during the entire 

study period. 

Bosmina longjrostris j 

WI jData on the structure angOysis of Bosmina population 

at WI of Ward Lake have been presented in 3!able-65 and 

Pig.38.df the 5 size groups, 6roup*I was only represented 

in Sepjtember, 1976 forming t^ of the total count. Groups-II 

and III (0.25 to 0.40 mm) were present throughout the 

study period except in January, 1977. Hi^est percentage 

contribution of Group*II was 42^ while that of Group-Ill 

was 68^. Group-rv was not recorded in September, 1976 and 

July, 1977 and its maximum abundance was in Januaiy, 1977 
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forming 76% of the total, goin.i-ioui#a.uiii3 ux 6roup-V 

(0»50 to 0,59 lom) ranged between 1 to 24ji during the 

annual cycle, Q!his group appeared in 6 out of the 12 

months study period, Appearence of 'Group-V generally 

(ooinoided with lower field densities of B, longirostris 

(Fig,58 a»h), 

Hon egg bearing females belonging to adult size 

groups formed 13-*505J during different months of the annual 

cycle (Pig,38C). However, mature females with egg ranged 

between 50 to 67^ during the aianual cycle. Maximum number 

of non-ovigerous mothers were recorded in February, 1977 

\ftien the actual field density of B. longirostris was 

9 animals/1 (Fig, 38a), 

The mean number of eggs/brood varied between 

different size categories and ranged from 1,96 to 2,0/ 

brood. Both Groups-Ill and IV contained lo\j'er number of 

eggs in comparison to Groups-II and V. Mean egg production 

for all size groups also showed variation during different 

months and ranged between 1,88 to 2,0 eggs/brood, This 

reduced value of 1,88 was observed in December, 1976, 

Annual mean egg computed for all size groups was 1.81/ 

brood, 

During the present study no male or ephippial females 

were recorded and the present B, longirostris population 
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Showing population s t ruc tu re of Bosmina l o n ^ i r o s t r i s 
i n a t a t i o n - I (WI) of Ward Laice, 

ao Seasonal v a r i a t i o n s in population densi ty (Ko/1). 
b . Seasonal va r i a t i ons in the percentage composition 

of d i f fe ren t s i z e groups. 
c# Seasonal va r i a t ions i n the percentage composition 

of juven i l e s , egg-whearing and non egg-bearing 
females <, 
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was entirely formed a parthenogenetio females, 

WII: In Table-64 details of the population structure of 

Bosmina longirostris has been shown. In Pig. 39a, \> 

and o the population density, size group and the 

percentage contributions of female with and without 

eggs have been shown. Among the 5 size groups, 

Groups-'I and V were present in few occasions only 

vrith Group-I contributing a maximum of 45S while 

Group-V formed the maximum of 555̂  of the analysed 

specimens. Thus the majority of the animals ranged 

between 0.23 to 0.50 mm representing Groups-11,111 

and JfV. In September, 1976 Group-II formed a maximum 

of 68^ of the analysed animals while in both May and 

August, 1977, this group was not represented in the 

counted animals. Range of percentage contribution of 

Group-Ill was 0 to 615^ the hi^er value being 

recorded in October, 1976, Maximum abundance of 

Group-I7 ( 0.40 - 0,50 mm) was seen in August, 1977 

when all of the 9 analysed specimens belonged to 

this group making 100^ contribution. 

Distribution of non egg bearing females varied 

between different groups as well as during different 

seasons. Total number of females without eggs ranged 
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gifi»?9 

Showing population s t ruc tu re of Bosmina l o n ^ i r o s t r i s 
i n S t a t i o n - I I (WII) of Ward Lake. 

a. Seasonal variations in population density (No/1). 
"b. Seasonal variations in the percentage composition 

of different size groups, 
0, Seasonal variations in the percentage composition 

of Juveniles, egg-bearing and non egg-bearing 
females• 
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between 34 to 805̂  of the animals analysed. Females 

with eggs formed a minimum of 30^ to a maximum of 

66^ of the total during different seasons while 

contributions of juveniles (Group-f-I) ranged between 

0 • 4^ of the total count. It can be seen from the 

table (Table-'SA) that non-ovigeroua females as ¥©11 as 

older females were more during low population density 

periods. 

Annual mean eggs per brood showed variation in the 

4 adult size groups and the value ranged between 

1.95 to 2.0 eggs/brood while the annual mean value for 

all size groups was 1»97 eggs. Again mean egg/brood 

for all size classes varied between 1.88 to 2,0 

during different study months. 

In this station also ̂ . longirostris population of 

formed only of parthenogenetic females. 

Results on the structure analysis of B.longirostris 

population at Pish Dale pond are given in Table-65 

and Pig,40. Maximum percentage ooinposition of Group*-I 

animals were in April and June, 1977 forming A0% of 

the analysed specimens (Table-65). In this pond 

specimens belonging to Group-II (0.23 - 0,32 mm) and 

III (0.32 to 0.40 mm) were present during the greater 
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Fig.40 

Showing population s t ruc tu re of Bosmina l o n g i r o s t r i s 
i n Pish Dale pondo 

a* Seasonal va r i a t i ons in population densi ty (No/1), 
h.4 Seasonal va r ia t ions in the .percentage composition 

of d i f ferent s ize groups, 
c , SesLSpnal va r i a t i ons in the percentage composition 

of juven i les , eggrbearing and non egg-hearing 
females-o 
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part of the study period. While Group-IV and V were 

present sporadically, QJhe annual range of percentage 

contribution of Groups-II, III, IV and V were 0 -49^ , 

0 - 735̂  , 0 - 100^ and 0 - 21% respeotively (Table-65). 

Maximum number of total non egg bearing females 

were recorded in March, 1977 forming females ranged 

between 50 to 8O5S of the total, fotal juveniles 

contribued a maximum of 40^ of the total though this 

group was absent in maiiy instances (Pig,40c). 

Annual mean number of egg varied between 1,92 to 

1.98 in different size group and the mean egg/brood 

for all size groups varied between 1.80 to 2.0 eggs/ 

brood during different seasons. The calculated annual 

mean value of egg production was 1.96 for B.longirostris 

at Pish Sale pond. 

Gamogenetic mothers as well as males were not seen 

in the analysed samples and only ephippial females 

formed the bullc. 

C3iydorus sphaericus t 

Detailed analysis of the field populations of 

caiydorus sphaerious was conducted in WI, Will and WIV of Ward 

Lake as well as in lady Dyderi Park pond, ©le size of -Uiis 

species varied from a minimum of 0,16 mm to a maximum of 0.56 mm 
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and "this length range was divided into 6 size categories. 

Length range of the different size groups are as follows* 

Group-I (juvenile) ; 0.16 * 0^21 mm, Group-IIj 0.22-0.26 mm, 

Group-IIIj 0.26 - 0.51 mm, Group-IVj 0.31 - O.56 mm, 

Group-Vj 0.36 * 0.41 mm and Gpoup-VI t 0.41 - 0.56 mm. 

WI J In WI Group-I animals were present during 5 out of 

the 12 months study period and,their maxbnum abundance 

was in August, 1977 forming 17^ of the specimens 

analysed (Table-66, Pig.41). Oontributipns of Group-II 

ranged between 0-40^ while that of Group-Ill varied 

between 0 - 83^ of the total. Group-î IV animaas 

(0.31 - 0.36 mm) was present in 11 out of the 12 

mon-ttis of study and in one instance formed 100^ of 

the 31 animals studied. Group-V was represented only 

during 4 months while Group-YI was absent during the 

entire study. Thus in this station length of 

O.sphaerious did not exceed 0.41 mm. Further, appearan­

ce of 6roup-V generally coincided with lower population 

densities of C, sphaericus (Table-66, Pig.41a). 

Female with empty brood pouch was always recorded 

ranging from 6 - 39^ during different seasons. Total 

juveniles and femaaes with eggs varied between 0*175̂  

and 61-9055 respectively (Pig.4l9). Distributions of 

ovigerous and nonovigerous. females in different size 
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gip;.4i. 

Showing population stiTUcture of Chydorus sphaericua 
in Station-I (WI) of Ward Lake. 

a. Seasonal variations in population density (No/1). 
b. Seasonal variations in the percentage composition 

of different size groups<, 
c Seasonal variations in the percentage composition 

of juveniles, egg-bearing and non egg-bearing 
females, 
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groups have been shown in !Pig,41"b, 

Bggs/^rood recorded during the present study was 

2«p/brood except in January, 1977 when a mean of 

1*98/brood was seen in Group-Ill, ValBe of the annual 

mean egg/brood for all size groups was found to be 

1.99/brood. 

During the entire study period no male or ephippial 

femekLe was seen amozig the studied specimens. 

WIIIJ Results of the different population parameters of 

Ohvdorus sphaerious have been presented in aiable-67 

and £lg*42« Seasonal distribution of different size 

groups of this species has been shown in 2Pig.42b. 

Group-I (juvenile) was seen only in the sauries of 

October, 1976 and February and August, 1977 forming a 

maximum of 6^ in August, 1977. Group-II was present 

during 6 out of the 12 months and raziged between 

0-29^ of the analjrsed animals.- Groups-Ill, IV and Y. 

were the dominant groups occurring almost throughout 

the study period. Percentage contributions- of these 

groups varied between 0*44^ , 17*68^ and 2-7258 during 

different seasons, Group-VI, on the other hand, 

appeared during April to July,1977 forming a maximum 

of 10^ of the total. Egg production ranged from 1.98 to 

2.0/brood in different size groups. 
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Pig.42 

Showing population s t ruc tu re of Chydprus sphaerious 
i n S t a t i o n - I l l (Will) of Ward laEeT"' 

ao Seasonal va r i a t ions i n population densi ty (No/1). 
b . Seasonal va r i a t ions in the percentage composition 

of d i f ferent s i ze groups, 
c» Seasonal va r i a t ions in the percentage composition 

of juven i l es , egg-bearing and non egg-besiring 
females• 
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5?he appearenoe of matured females without eggs 

varied "between different groups* In the month of 

April* 1977 all the 5 adult size groups had higher 

inpidence of non-egg bearing females (Pig#42h) 

resulting in a total of 73^ vhile egg "bearing mothers 

formed only, 27^ (Eig«42o). (This further coincided 

with lower field density of the species (Pig,42a) • 

3)uring the one year study period egg hearing females 

formed a maximum of 915̂  While the juveniles (Group-I) 

formed a maximum of 6% of the analysed specimens* 

Ho male, or ephippial females were recorded throu^-

out the study period* 

WIV i In WIV Group*»I (juveniles) appeared in 4 out of the 

12 months study period (afablej*68, Pig'*43h, o)* !I!hia 

;group formed a maximum of 28^ of the analysed sample* 

6roup-II was seen in the samples of September to 

December* 1976 and January, May and July* 1977 

forming a maximum of 515̂  in May, 1977 (!Dable-68)* 

Groups*IV and V were the dominant size groups appear­

ing throu^out the study period except in May* 1977 

When Group»V was absent* Group«III was discontinuous 

in its distribution While group«VI was recorded only 

during October and December, 1976 and March, 1977' 

forming 90^ during the last mentioned month . Ranges 
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gifi«4? 

Showing population s t ruc tu re of C?hydorus sphaericua 
in Stat ion-IV (WIV) of Ward Lake, 

a. Seasonal va r i a t ions in population densi ty (No/ l ) , 
b . Seasonal va r i a t i ons i n the percentage composition 

of d i f ferent s i ze groups, 
; c. Seasonal va r i a t ions i n the percentage composition 

of juveni les , egg-Dearing and non egg-hearing 
females ,j 
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of contribution of Groups-Ill, IV,V and VI were 

0 - 51^ 2 - 85^ , 0 - ZQf, and 0 - 90$̂  during different 

months of the annual cycle (Table-68)• 

Total adult females with empty brood pouch formed 

a maximum of 48^ in August, 1977 and appeared through­

out the season in the counted animals. Total juveniles 

formed a maximum of 28^ in December, 1976 while the 

remaining farasctions were formed by females with egg. 

Egg/brood was generally 2.0 in different sisse 
i ' I 

groups thou^f due to the appearence of 1.0 egg/brood 
! I 

d\iring sane months in a few animals, the annual mean 

egg/brood/group ranged between 1.92 to 2.0/brood and 

the calculated annual mean for a l l size group was 

1.99 egg/brood. 

This population of G.sphaerious at WIV was also 

formed entirely of parthenogenetio individuals. 

I»ady Hyderi Park pond t 

Information gathered on the population structure 

of Chydorus sphaericus at Lady Hyderi Park pond has been 

documented in Table-69 and Pig.44. In this pond also Groups-Ill 

and IV dominated the analysed sair̂ le. Banges of contributions 

of different size groups during the annual cycle v/ere as 



(0 

§ 

o 

® 
o 

> P» 

O 

I 
- « «̂  
t « CO 0) 

(0 
CO 

p. 0^ d 
CO r-

O 

' a oi 

d 0} ^1 

O -P 
<M+» 3 © 
O O tiO 

o 
u 
0) 
p« 

7 3 ^ * ^ ' ^ ^ (D O Q} 

^ »4 o eo© 

•t 
© 
H 
•§ 
6< 

| | 
O 

H M 

^ © w 

5̂ 

i 
« 

I 

* 

© 

« 

o o 
f 

Pt 

CO 
© 

U 
o 
to 
© 

•5 
o 

P) 

© 

oa 

KN *• 

Y I I 

CM 

e«-<4-0ii 

1 I 1 

^ - C J C ^ J 

t I t 

CO I W 

o% in J <M 

tf\ CM\OC\J 

t - t -CO CVJ 

CM 

VO 

O 

© 

/ -^ © ES t J 
g 0 0 

+ ' - P h 

c v i : 3 : 3 , 

O © Q> <D 
I © © P I 

t - H H 
CM 0) cd n 
-• s d tio 
o S S w) 

248 

00 

I i t 

00 

cntrxr-
C M * -

t^CMCVJ 

VO t*>CM 

to 

(A 

S t C O * * 

CM";*-' 

in 

© 

^ ^ © 3 TS 
s 0 0 
0 * 4 3 o 

• p - p >< 

Q © GQ © 
Ti © © P, 
V O H i H 
CM © d 

CD i © to 

M 

a% 

f t 

C^ J CM 
CM 

I t I 

cr> 1 CM 

^P^ 

cotncM r-cocM IA«:J*CM 

vjaCTvCM 
Cxj 

8 
OVC r* 

tn 
« 

y - t n r -
CM 

r - T - C M <T>«^CM 
CMt- CM 

CMr- tf\ 

t^r-cM tnocM 

crv 

v o o « -

} 1 t 

t t t 

1 1 t 

fN» fm ^fim 

1 I 1 

t<> J CM 

t n r -

C M * - O I 

«:MnCM 

© 

^-s© 3«t3 
g 0 0 
^^-^ ? •P-P 1̂ 

© © © 
© © P« 

V O H H 
tnrf rf © 
r* s d cib 

© 0 

o o 
CM 

VO 
CO 

© 

^'^ 

O 

O M n CM 
CM 

I t ( 

in 

i n i n 1 r-
00 «-

in 
• 

v o ^ I • -
C-CM 

^ 

o 
in 

o o 
in 

1 I I 

i I t 

J I I 

•^•CMt^CM CO O 
t«-CM CM O 

tn 
cr» in 

tncTkvoT-
i n c M T -

VO 

; * V O f ^ 
CO t * 

st O 
in 

I I I 

« * t CM 

o t - t n c M 

tn 

CM 

l<^ 

t-incM I r « 
«-CM 

CM lit 

in 
V O * * I CM cr> o 
00 • * o 

00 i n 
• • 

t»cj> 1 * * ^ • 2 
ln•>s^ o 

o « -
• * _ 

CM CO 
t^CM 

I «-

e-tncM I I I •-ocT>cM 
*- JNCM 

I I I 

I I t 

VO t - t n c M 
VO KN 

intcf^ 
l>CM 

•CM 

% 

© 

W)-P 
/2« © 3 "d 

V O < H > r 4 ^ 
in :3 IS -• u 
o ra Q © 
I © © p< 

«4" CO CO p 
•« 3 3 ^ 

I (3 
•P ft-H 
3 3 © 

M M 

© 

+»-PC*> H 

© n a 
© H O 
© • H O 
H d M 
c8 © , -

_ © 3 _ 

© 

Co Co ClJ 
•p - p - p . 
0 0 0 © 

e^e^e^s 

© 
© 

© 



g i g , U 

Showing population s t ruc ture of Chydorus sphaericus 
i n the Lady Hyderi Park pond. 

a, Seasonal va r i a t ions in population densi ty (Noo/1) 
bo Seasonal va r ia t ions i n the percentage composition 

of d i f ferent s i ze groupso 
c. Seasonal va r i a t ions in the percentage composition 

of juven i l es , egg-bearing and non egg-bearing 
females, 
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followsi 

Group-I t 0 - 45^ Grcmp*II j 0 * 51^ Group-Ill t 0-

Group-IV 8 0 - 46^ Group-V j 0 - 66^ aad Group-VI ? 0 -54-55» 

Total nonegg bearing females ranged between 14-49^ 

during different study months, while total ;)uveniles formed a 

maximum of 435S in March, 1977. The remaining fractions were 

formed by egg bearing females. 

Egg/brood showed slight variation during different 

study months in different groups. The calculated annual mean 

egg/brood/group varied between 1,79 to 2.0 eggs/brood while 

the calculated annual mean for all size group was 1,86 eggs/ 

Ijrood, 

No sexual females as well as males were seen in 

the specimens analysed during different months, 

PXeuroxus similia t 

Detailed analjrsis of the populations s t ruo t ion of 

Pleuroxus s imi l i a was conducted i n Will of Ward Lake and the 

r e s u l t s are shown i n TableA'70 and P ig .45 . In Wil l , Pleuroxus 

s imi l i a ranged from a minimum of 0,40 mm to a masimum of 

0,90 mm i n length , The f ive s i z e groups were Group-I ( juveni le)s 

0.40 - 0,45 mm* Group-IIa 0,45 * 0.58 mm, Group-Il l : 0.58-0.70 

mm , Group-IVj 0,70 « 0,80 mm and Group-Vj 0,80 - 0,90 mm* 

w i l l t Group-I was only present during March and Apri l , 1977 
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contributing 7 and 9% respectively, while no 

analsTBis could be conducted during September and 

November, 1976 due to their non availability • 

Group-II contributed a maximum of 19Ŝ  in April, 1977 

of which lOjS of the females were without eggs while 

, 74^ was the hi^est contributions of Group-Ill in 

August, 1977* Minimum and maximum percentage contribu­

tion of Group-IY were I7jg and 80jg respectively. 

Maximum abundance of Group-Y was in June, 1977 

forming 54^. ©lus Groups-Ill and IV showed dominance 

during the greater part of season, 

lotal number of females with and without eggs 

varied during different seasons (Pig,45o). Ovigerous 

females were more during January and February, 1977 

forming 71 and 695̂  of the total observations while 

the rest was formed by mature females v/ithout eggs, 

On the other hand percentages of females without eggs 

were more in June, 1977 with 6855 of the total when 

"ttie oount/litre v;as also low; (Pig,45a) • However, in 

August, 1977 also nongrav4.d females were more in the 

counted sample, 

'She analysed poptaation P. similis was entirely 

formed of parthenogenetic females and egg/brood 

always 2 in number, 
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^ifi«45 

Showing population s t ruc tu re of Pleuroxus s imi l i s 
i n S t a t ion^ I I I (Will) of Ward Lake. 

ao Seasonal va r ia t ions i n population densi ty (No/1), 
"b. Seasonal va r i a t ions i n the percentage composition 

of d i f ferent s ize groupso 
c» Seasonal va r i a t i ons i n the percentage composition 

of juveni les , egg-bearing and non egg-bearing 
femaleso 
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A.oraperus. harpae t 

Structure analysis of Acroperus harpae was conducted 

in WI and Will of Ward lake. This species ranged bertween O.3O 

to 0,98 ma. in size and the length ranges of the 5 size groups 

were as follows t 

Group-I (juvenile)t 0,50 - 0*45 mm, Group-IIs 0.45 - 0,58 mm, 

Group-Ill? 0,58 - 0,70 mm, Gyoup-IVs 0,70 - 0,85 mm and 

Group-Vj 0,85 • 0,90 mm, 

WI t Information gathered on the population structure of 

Aoroperus harpae aJ"® furnished in 5Ial)le-71 and 

Pig«46, In this station of Ward Lake, Juveniles 

(Group-I) were recorded only in September, 1976 

forming 15^ of the sample analysed* Group-̂ II was most 

abundant in September, t976 forming 83^ of the total 

of whi<di 27^ was tfte contribution of females without 

eggflu Group-I I formed a maximum of 85^ and was 

present throughout the study periods Contributions 

of Group-Ill ranged from 2-51^ during different 

study months* Group-IV specimens (0,70 - 0,85 mm) 

were absent during September, 1976 and July till 

August, 1977* Group-V, on the other hand, was not 

represented in the samples of September, November 

and Pecember, 1976 and May to August, 1977. Ranges 



u 

V© 

te\ 

o o 
CM 

1^<MCM 

«-vOCM 

VO I C\» 

OOVOCM 

J VO I 
r-

I ^ I 

VOOCM 
IfNCM 

00 

CM « -

CM 

CO 

1 1 - I 

^?^ 

tn 

o 

M H« 

253 
en 

vi> r^-CM I P I 

t>**^CM I { I 

ITkVO CM 

vo 
• 

tfMAt-

\ O O C M 

inifNCM 
J-CM 

0> '^CM 

T- 'd'CM 

t-VOCM ^•« *CM 
v'fr- i n CM 

O CM CMlA t 

CM I CM t i t 

w> 

g (D ?3 O 

a o o 
CO ' H H 

o 

• a s -
O © © GO 

% 

H 

CM 

a\ o 
o 

§ 

D-CM 

.1 I CO CM 

I I I O O 

I I t "^vO 
t«-CM 

CM I CM CO CM 

« * I CM -fCM 

CM 

*»CMCM O O 
r*> m m 

• CM 

t CM 

I CM 

VO 

t CM 

I eg 

t< l̂<^cM -<*-so I CM 
T» t«-CM 

t I I O Q I CM 

I I I 

m I CM 

A t t 

a a) 3 o 

C 0 + > - P / 3 
Cr»nH-H 

• » 3; 

CO CM f CM 
m«^ 

CMCO I CM 
t>-CM 

coc>^irvcM 
m c M » -

© M © 
t N 

P ta 
o 

© 
)••» 

o 

00 0) 

© 
© 

M 

© © 

a a 
© © ,- -

© 

03 CO 03 d 

o o o © 

©»!? 
H o 

© ^ 

o u> 
• t -

VO 

to 
VO O 

m 

m 

CM 

V O O 
O 

VO 

CO O 

o 
• 

o 
m 

o 
t<%o 

VO 

I O 
CM 

to 

is 
CM 

f too 

«-o 
CM O 

o © 
is; © 

^ ' : 
•H 
m 
© © 

© •o a 
© O 
^ © 

© 

•^ 
3 * ^ 
o o 

•5 
© Pt 

Us 
t j © 

o 

tiO© 

© A 

© i 
rcJ © 
© ? 
© 
QO-P 
rt ro 

© © 
o © 

© 
P«© 

O 

tiOncJ 
© © 

•P J4 
J3 
o o 

I © 

© 
© 

© 
© p 

© • H 
a<H 
© 

<>̂  © 
• a 

© • p 
© rt 

H © 

© © 
TO 

p ti 
<H © 

ra"! 
© § 

© © 

file:///OOCM


Pig.46 

Showing population stioicture of Acroperus. haxpae 
in S t a t i o n - I (WI) of Ward Lake. 

a. Seasonal va r i a t ions in population densi ty (Ho/I) . 
b . Seasonal va r i a t i ons in the percentage composition 

of d i f ferent s i ze groups, 
c . Seasonal va r i a t i ons i n the percentage composition 

of juven i les , egg-bearing and non egg-hearing 
females',, 
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of porcentage ooourrenoe were 0 -̂  75^ £or Group-IV 

and 0 • 335̂  for Group-V. 

Seasonal variation in the percentage contribution 

of egg bearing and non egg bearing females appearing 

in different groups are sho\cn in Fig.46b while the 

total percentage composition of egg bearing and non-

egg bearing females as well as jtiveniles (Group-I) 

have been shoim in Pig,46o« Haxisrum number of non-egg 

bearing females were recorded in March, 1977 forming 

72^ of the analysed sample,-

Mean egg/brood varied between groups ranging from 

1,98 - 2,0/brood while the annual mean egg/brood for 

all sizes was 1,99. However, in general 2 eggs/brood 

was recorded in majority of the specimens irrespective 

of size groups. 

Seven ephlppial females were seen in the 100 

animals analysed during March, 1977, though no male 

specimens were recorded throughout the 12 months 

period. Thus, with the exception of March, 1977, the 

population was entirely f oimed of parthenogenetic 

females. 

WilljTable*72 represents the data gathered on the population 

structure of Aoroperus harpae in WIIIi^ Seasonal 
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gig.47 

Showing population s t ruc tu re of Aoroperus harpae 
i n a t a t i o n - I I I (Will) of Ward Lake, 

a. Seasonal variationB' i n population densi ty (No/1), 
b . Seasonal var ia t ions i n the percentage composition 

of d i f fe ren t s ize groups, 
Ce, Seasonal va r i a t i ons i n tlie percentage composition 

of juven i l es , egg-bearing and non egg-bearing 
females , . 
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variations in the percentage oontriljution of different 

size groups has heen depicted in Pig.47h. The annual 

ranges of contributions of different size groups werej 

Group-I (juvenile)* 0 - 41^ Group-lit 0 - 51^ 

Group-m J 0 ^ 79^ Group-IVj 0 - lOOĴ  and Group-Vj 

0 - 57^ . 

Seasonal variations in the percentage composition 

of non-egg bearing females belonging to different 

size groups have been shovn in Pig,47b while Pig,47o 

represents the percentage conrposition of total juvenile 

and females with and without egg. In Fig, 47a actual 

density of A, harpae has been shown. 

Egg production-varied betv/een different groups 

and the annual mean value ranged from 1.92 - 1,99 QSS/ 

brood in different size groups. Annual mean egg/brood 

for all size group was found to be 1,95» 

, In this station sexual females or males were not 

recorded throughout the "study period, 

AlonellB exoisa { 

Details analysis of the population structure of 

Alonella exoisa was carried out iâ  ̂ I and Will of Ward lake 

and Lady Jfcrderi Park pond. Length of this species ranged from 

a minimum of 0,22 mm to a maximum of 0.57 xmn, Por the present 
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purpose the length range was divided into 4 size groups* 

Pollowing are the length ranges of different groups t 

Oroup-I (juvenile)s 0.22 - 0.26 mm, Oroup-IIj 0,26 - 0.38 mm, 

Group*III} 0.38 - 0.48 mm and Group«IVj 0.48 * 0.57 mm. 

Wl J Distribution and percentage composition of different 

size groups have toeen sho\m graphically in Pig.48b 

and the data gathered have been presented in Tahle-73* 

Gro^P-l (juvenile) was recorded in May and August, 

1977 forming a maximum of 8^. Ranges of percentage 

composition of Groups-II, III and lY were 0 • 58^ 

1^ - 79^ and 0 - 33jg respectively. 

Total females with eggs formed from a minimum of 

29^ in April, 1977 to a maximum of 72^ in December* 

1976. Females without egg formed a maximum of 71^ of 

the analysed specimens*. 

Bgg/brood was always 2 in all adult size groups 

forming the annual mean value of 2 eggs/brood for all 

size groups^ 

No ephippial female or male were recorded throughout 

the study period. 

Will J Details of the analysis of Alonella excisa population 

at Will of Ward Lake are presented in Table-74 and 

Pig•49* Juveniles (Group-1) was only seen during 
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Pifi.48 

SJi owing .population s t ruc tu re of A lone 11a excisa 
i n S/bation-I (VJI) of Ward Lake. 

a. Seasonal va r i a t ions i n population densi ty (No/1). 
b . Seasonal va r i a t ions in the percentage composition 

of d i f ferent s ize groups, 
c . Seasonal var ia t iono in the percentage composition 

of juveni les , egg-bearing and non egg-bearing 
femaleso 
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CMî CVl 

60 

• H 
Q (0 (Q © 
I © ©.P> 

V O H H 
CM dJ d m 

CM 

*-«;*• CM 
VOCM 

t*-t-CM 

CM 00 CM 
^-cM 

*->^CM 

cot*" CM 
CM 

g } ^ ^ 

VOCM mvO 
CMt* 

^ ^ ^ 

KNCOCM 

K\OCM 

•^g\CM 
r-CM 

ooincM 

g o o 

• h 
O CQ (Q © 
I © © P» 

?> ra d o 
>• 3 B 01} 

CM 

* - I CM 

I t I 

I I t 

l>»^CM 
CM«-

CMIOCM 

KNtf\CM 
CM 

I I I 

I t I 

t«- I CM 

• * t CM 

^' P I 

%% 
© - H 
3 CO 

r - r O CM 
voc<\ J 

K>U>**CM 
VOCMr-

CMOO 
t*CM 

CM 

m i A I CM 
cOir 

*-cr% I CM 

V C * t CM 

fOs CM 

t< \ t> - I CM 
VOK> 

00 CM I CM 

E"?^"^ 

CMCO I CM 
trssD 

«tVO I CM 

to (tb 
6D/-N 
© W O 

t b3 
•P P»-H 

© g g O J 

•f-PCiJ H 

S 5B >^ 
© t> 

CO 03H O 
© © • H O 

CD © © i s 
S « ^ Z*i 
© © 3 J;D 

© 

© © © d 
•p-»3 -p a 
o o o © 

vo*g 

T - O 
CM 

T - t -

t A O 
in 

CM 

CMOJ 

c5t-

CMcr> 

CO 

in 

i^CO 

o 
o 

ttOh 
© © 

0 , 1 

© 

© ^ 
© 5! 
ca -p 
•p ra 

gg 
o 3 
h © 
© a 
p« 

© 
•p 

© o 
p 

3 

^ 

^ -
© "O 

© 

ll 
5 © 

% 

© 

•H y> 

© Q> 
©. U 

© V I 

© (4 

•as 
pp< 

V4 © 

© 
© 

J 



Pig.49 

Showing population s t ruc tu re of Alone11a exoisa 
i n S t a t i o n - I l l (Will) of Ward Lalceo 

ao Seasonal va r i a t ions in pppulation density (Ko/1)., 
"b. Seasonal va r i a t ions i n the percentage composition 

of d i f fe ren t s ize groups, 
Oo Seasonal v a r i a t i o n s i n the percentage composition 

of juveni les , egg-hearing and non egg-hearing 
females. 
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July, 1977 forming 11^ . Group̂ -II individuals 

were seen in 8 out of the 12 month & samples 

forming a maximum of 7t^ l)oth in April and July, 

1977. Group^in was represented throughout the 

period and ranged toetween 18 - 100^ of the speci­

mens analysed during different seasons, 6roui)-»IV 

was somewhat sporadic in distribution forming 0-55J^. 

during differ^it seasons. 

Peroaitage fluctuations of females with and 

without eggs as well as juveniles have been depicted 

in S'ig.49o, Total non-egg hearing females ranged 

from 19 • 68^ of during different study months < 

Egg/brood recorded for this species was always 

2 and the studied samples did not contain any sexual 

female or male specimen. 

Lady Hyderi Park pond s 

Structure analysis of the population of Alonella 

exoisa has been ̂ hown in Iable*75.. In this pond the population 

of A, exoisa was confined to lower length range as 6roup-IV 

individuals were recorded only in Pebruaxy and June, 1977 

forming a maximum of %0%, The analjrsed specimens belonged mostly 

to Groups-II and III almost throughout the season.̂  6roup-I 

(juvenile) occurred in 7 out of the 12 months study period and 
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Fig,50 

Showing population s t ruc tu re of Alone11a exoisa 
i n the lady Hyderi Park Pond. 

a. Seasonal va r i a t i ons in-populat ion densi ty (No/1), 
"b. ^ieasonal va r i a t ions in the percentage composition 

of d i f ferent s i ze groups, 
c . Seasonal va r i a t ions in the percentage composition 

of juveni les , egg-rlDearing and non egg-tear ing 
females* 
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and formed a maxiTnum of 28^ of the analysed animals (Pig.50b), 

females with and without eggs showed variations 

in different size groups during different seasons, Contribu­

tions of females with egg ranged between 55 • 87^ while total 

non egg bearing females formed 3 * 45^ » Juveniles (Group-I) 

ranged between 0 - 28^ • 

Humber of eggs per brood was 2 in all size groups 

during differ^it seasons, Uo ephippial mother or males were 

recorded in any of the studied months, 
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The seasonal variationsin the physiooohemical 

properties at the four stations in Ward Lake, Pish Dale and 
A 

Lady Hyderi Psirk ponds have been shown . serojally in Tal3les-3>, 

54f 35, 36, 45,and 48, These three impoundments vary in age, 

size and depth and have already been categorised along with 

other ecosystems encountered in Shillong area (Table-31). Thus 

it is apparent that though these systems were investigated 

intensively at weekly interval, the results obtained are v/ell 

within the ranges of values obtained at two-month intervals for 

the other impoundments (Part-I). As such, these systems are 

characterized by moderately acidic yBt low ranges of conducti^ty, 

alkalinity and silicates and with moderately high phosphates 

and nitrates. Howeverj in course of 18-month study the six 

sampling stations did shov; variations in their phyBicoohemical 

properties. In this section a comparison between the different 

stations in terms of physicochemical and biological character­

istics have been made and the data presented in Table-76 and 77. 

It is well known that in fresh water environments 

temperature is one of the main variants influencing the boota 

(Seynoldson et al. 1965, Maccan 1961, 1963, Martin, 1972, 

Young, 1975, Daniel and Boyden, 1975̂ . In the present studies 

surface v;ater temperature in the four stations of Ward Lake, 

Pish Dale and Lady Hyderi park ponds showed close similarities 

in their seasonal trends as shown in Pigs,4, 5, 6, 7, 16 and 19. 

Taking into account the temperature vaxiations along with data 
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on humidity and rainfall (Tat)le-1, Pig«l) four seasons could 

be defined though with slight overlapping (Part-I)» a?hese four 

seasons are spring (March - April), Summar-rainy (May-August), 

Autumn (September - November) and Winter (December- February)* 

Hydrogen ion concentration varied between 6 -7 in 

the four stations of Ward Lake and also in Pish Dale pond* 

But in Lady Ifyderi Park pond pH value ranged between 5*58-6.51, 

shovjing a comparatively lov;er value. Biological importance of 

pH has been long established since this factor is related 

directly with photosynthetic activities of algae, the 

carbonates of calcium and magnesium are precipited from 

bicarbonates and the water becomes more alkaline (Sharma, 1978) 

and pH ranging between 6,5 - 8*2 is likely to favour this 
•"Op 

dissolution of bicarbonates and the liberation of free carbon 

dioxide ( Jana and S.arkar, 1971» Jana, 1975). Further* it has 

also been pointed out that low values of pH was accompanied 

by increase in the zooplankton production (Sreenivasan, ;1965), 

Moitra and Bhattacharya, 1965, Jana, 1975). Hence, pH value 

has been regarded as an index for the suitability of aquatic 

biotopes for pisciculture practices and the admissible range 

recommended for the said puarpose is betv/een 6»5 - 9.0 

(Swingle^ 1957, Michael, 1969, Mathew, 1975)8 By the same 

criterion, the Lady Hyderi Park pond has much less productive 

potential as evident also from its plankton content* One of 

the reasons for such lov; values may be the extremely turbid 

nature preventing algal growth as the water is being constantly 
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disturbed "by the aquatic bird population kept under captivity 

in this system* 

One of the important factors known to limit the 

production of plankton is the abundant biogenous salts in a 

lake medium. Electrolytic conductivity is a measure of the 

amount of biogenous substances present in the v/aters in ionic 

state (Brzek et, al, 1975). Usually conductivity readings reach 

the highest in highly productive waters (Rodhe, 1951» Radwan 

et al ,1973)« A significant corelation between phytoplankton 

biomass and conductivity was recorded by Brzek ejt aX (1975) 

in the three polish lakes of different trophy. In the present 

study, conductivity values ranged between 50 - 100 umhos/cm in 

all the ponds and stations with the single exception of WIV 

where the range v;as between 78.93 - 122*43 umhos/can (Table-36). 

These values shov/ed the peak in the month of December, 1977 iii 

WI while in WII the highest value was recorded in August,1977 • 

In Will also the same trend was noted while in WIV, Pish Dale 

and Lady Byderi Park pond the peak values v/ere recorded in 

March, 1977* Further, this increase was sudden which could be 

attributed to the vjashing in of electrolytes from the surround­

ing areas during the first rains* In addition tp this, the 

sharp increase in conductivity value recorded duriJ3@ the month 

of March in the Pish Dale pond could also have been due to the 

fact that at the end of Pebruary, 1977 when the level of the 

pond was very low, water from a surrounding stream was let in* 

This is thought to be more likely a source of electrolytic 
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enrichment as this a cemented pond with very low bottom 

deposit. 

One another important factor in any aquatic ecosystem 

is the amount of in situ dissolved oxygen present. Dissolved 

oxygen content is knov/n to be influenced by a number of 

enrironmental factors (Ganapati,1940) and according to the law 

of solubility high ten5)erature should be the period of low 

oxygen content. Further, oxygen, pH and carbon dioxide axe 

closely linked with respiration and photosynthesis, the ratio of 

which are primarily determined by temperature and illumination 

in small rock ponds (Anderson, 1971). Seasonal, variations in 

the amount of dissolved oxygen at the four stations of Vlard Lake 

and Fish Dale and Lady I^deri Park ponds have been shown in 

Pigs, 4, 5, 6, 7» 16 and 19* Condentration of oxygen ranged 

betv/een 4.6 -lO*? mg/1 in all the sampling stations except in 

Lady Hyderi Park pond. However, the highest value of 17.76 mg/1 

as recorded in Station-IV of Ward Lake might be due to the 

difference in the sampling timizig at that instance. On the other 

hand,the lower limit of dissolved oxygen in Lady Hyderi Park 

pond (2*68 mg/1), apparently due to the low phytoplankton 

productivity, thou^t to be one of the reasons, 

G?he seasonal trend in the fluctuations of the carbon 

dioxide content, though more or less similar in all the six 

sampling stations as shown in Pigs, 4, 5, 6, 7, 16 and 19 and 

in Table-7 6; in Lady Hyderi Park pond carbon dioxide content 
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was higher in comparison to the other two impoundments, Diel 

pattern of carbon dioxide concentration has been shovm to 

exhibit a direct correlation with the amount of phytoplankton 

(Armitage, 1962, Michael, 1969). As the amount of oxygen, carbon 

dioxide and pH values are closely linked with the respiration 

and photosjTsthesis (Daniel and Boyden, 1975)» this factor iS 

of adequate importance to understand the metabolism of aquatic 

ecosystems. It is seen that in all the present systems carbon 

dioxide was always recorded. However, as the estimation of 

this gas was confined only to morning samples, these values 

could reflect the carbon reserves yet to be utilised in 

photosynthesis during the latter part of the day. Nevertheless, 

a detailed diurnal study is required to understand the total 

dynamics of carbon dioxide system, 

Total alkalinity was due to bicarbonates only except 

in the month of July, 1977 v/hen 8.2 mg/1 carbonate alkalinity 

was recorded in the Pish Dale pond. Again, in the same system 

sudden rise in alkalinity from 55.35 mg/1 in July, 1977 to 

52,60 mg/1 in August, 1977 as also reflected in the pH rise 

from 5.9 to 7.0, may be attributed to the enhanced algal 

activity. This is in agreement X'lith other earlier reports 

(Goldman and Wetzel, 1967, Sreenivasan, 1964, Vijayaraghavan, 

1971). In the rest of the systems also higher values of 

alkalinity were observed from March,1977 till September,1977 

with corresponding high phsrtoplankton productivity. Rainfall 

is also known to decreas.e the total alkalinity values 
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(Mukherjee and Bhattacharya, 1949) although the moderately 

higher values of alkalinity recorded during December till 

February was due to the evaporation of water and subsequent 

decrease in water level ( Hazelwood and Parkax, 1961, |^ohael, 

1969)• Thus it has been shown that there were considerable 

differences in the total alkalinity values between the six 

different sampling stations, though the absolute range of 

alkalinity values was quite low here vrith 15.0 - 60dO m&/li 

Huet (1948) found that a total alkalinity range of 100*00-200.00 

ppm to be the best range for supporting diversified aquatic life 

also also Philipose (i960) who mentioned that moderately high 

alkalinity (50- 100 ppm) to be good for the growth of fishes, 

The seasonal fluctuations in the concentration of 

phbsphate, nitrate and silicate have been summarised in Table-76 

Phbsphate ranged between 0,28 mg to 1,88 mg/1 in WI of Ward Lake 

while in WII the range was 0,5- 1.12 mg/1 and in Will the value 

nejrer exceeded 0,98 mg/1 during the 18-month study. But in WIV 

the upper limit of phosphate concentration was 2,-97 mg/1 as 

recorded in May, 1977. On the other hand in the two ponds at 

Pish Dale and lady Hyderi Park the maximum amounts were 1 ̂ 43 

and 1*21 mg/1 respectively* Further, the peak values of 

phosphates in all the systems were recorded during the heavy 

monsoon period* obviously due to ihe fact that this nutrient 

v/as washed in from the surrounding areas through the temporary 

inlets developed during the rainy v seasons* The importance of 

surrounding catchment areas in the nutrient economy of small 
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water bodies have already been shown by earlier v/orkera 

(Swingle, 19&7, Woodmansee, 1958, Heron, 1961, Michael,1969). 

It has been further pointed out in Part-I that the phosphate 

values encountered in these water bodies are somewhat higher 

than the earlier values recorded from the tropical plains of 

India* 

Concentration of nitrate varied considerably during 

the different seasons in the four station in Ward Lake, with 

WIV showing the maximum amount of this nutrient. In Lady Hyderi 

Park and Pish Dale ponds also fluctuations of this nutrient 

were of similar nature (Pig.16 and 19)« It is observed that in 

all of these sampling sites the nitrate content was more during 

the winter months (December- Pebruary) followed by subsequent 

decline evidently due to the utilisation during the spring 

bloom of phytoplankton. Similar relationships v;ere established 

by Lannergren (1975) and Reid and Squibb (1971). However, the 

nitrate levels recorded in the present ponds were quite high 

in comparison to other Indian situations as shown earlier* 

One another nutrient considered for study under this 

section is the amount of silicate. It is well knovm that silica 

is an important nutrient for the growth of diatoms (Dickson, 

1975)i The amount of silicate in the present water bodies varied 

considerably and the highest concentration was recorded in 

Lady Hyderi Park pond. Among the four stations of Ward Lake, 

however, WIV showed the maximum content. It is interesting 
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to note that the silicate values were generally more during the 

winter months as a sequel to the lowering of v/ater levels in 

these shallow sampling stations followed by its probahle 

utilisation by the membejTS of Bacillariophyceae, Depression in 

the silicate value during September/October also coincided 

with the autumnal bloom of "bacillariophyceae, 

In the four stations of Ward Lake total number of 

phytoplankton showed high density from November, 1976 to 

February^ 1977 and as well as in October, 1977. In Station-I 

these higher densities were due to the contributions of 

l^xophyceae represented by high blooms of Microcystis forming 

more than 90^ of the- total plankton on several occasions and also 

partly due to the higher densities of Oscillatoria, In Station-II, 

on the other hand, except in the month of September, 1976 

myxophyta formed around 55^ of the total phytoplankton. However, 

the total munerlcal density of phytoplankton v/as generally high 

in this station. Will had a lov/er phytoplankton density and the 

highest value was recorded in October, 1977 of which 85^ was of 

^^ophyceae alone. During the rest of the period their density 

was less than 50^ of the total. In WIV, maximum abundance of 

phytoplankton was recorded during December, 1976 and January, 

1977. X&ilike in other stations this was due to Bacillariophyceae 

which on several occasions formed more than 90^ of the totals 

Chlorophyceae was fairly represented in this station, while 

Chrysophyceae and Dinophyceae showed only a patchy seasonal 
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distribution. 

In the Pish Dale pond, the numerical abundance of 

phyiioplankton was lower than in Ward Lake and the maximum density 

was recorded from May, 1977 till August, 1977 showing a summer 

bloom, Chlorophyhceae was the most dominant in this station, 

In Lady Hyderi Park pond numerical density of 

phytoplankton was quite low in comparison to other sampling 

stations. In this pond Bacillariophyceae and C^lorophyceae 

dominated the total phytoplankton while the contributions of 

Myxophyceae was comparatively low, Dinophyceae and (Jhrysophyceae 

v/ere much less in abundance and of patchy distribution during 

the different seasons. Thus the numerical density as well as 

the percentage composition of different phjrtoplankton taxa 

varied between the stations of Ward Lake as well as Pish Dale 

and Lady Hyderi Park ponds, 

A comparative account of phytoplankton reveals that 

in Station-I of Ward Lake %xophyoeae was dominant throughout 

the annual cycle with Cailorophyceae in subdominant density, 

v/hile CSirysophyoeae, Dinophyceae and Bacillariophyceae formed 

moderate density, Station-II, on the other hand, showed dominance 

of ChrjTsophyceae as well as Dinophyceae except in late summer 

till early autumn when l^xophyoeae dominated. In Will, 

Bacillariophyceae v/as most abundant with moderate contributions 

by Myxophyceae^ Extremely poor representation of both 

Binophyceae and Ohrysophyceae was another marked feature of 
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this station. In WIV, the nature of fiuotuations in phytoplankton 

was similar to that of Will with highest density of 

Bacillariophyceae, In Pish Dale pond CJhlorophyceae was dominant 

throughout the greater part of the season and was marked by 

poor numbers of Myxophyoeae, Chrysophyceae and Dinophyoeae. 

The other sampling station^ Lady Ifyderi Park pond was very low 

in its phytoplankton abundance and the bulk \̂ as almost equally 

shared by the member of Chlorophyoeae and Bacillariophyceae 

v/hile the other groups were sparse and insignificant contribu­

tors except for the Myxophj'-oeae, 

Peimanent algal bollms of this nature foiroed of a 

siggle or several members of blue green algae are common in fish 

ponds of North-Eastem India and the temple pnnds of peninsular 

India (Sharmai 1978), Ganapati (1940) ascribed this algal bloom 

to a number of factors namely high water temperature, water 

movements and excessive amount of phosphate. Role of water 

temperature has, however, beai pointed out already by various 

workers (Pritsch, 1907t Smith, 1924» Pearsall, 1952, Chaoko and 

Krishnamurthy, 1958, Ganapati, I960, Bhowmik, 1968, Michael, 

1969). The range of temperature most favourable for algal 

development has been reported to be 24° - 31°C (Terma,1964). 

However, George (1962) recorded algal blooms even at low 

teii5)erature (13,7°C) which corresponds to the present record 

of winter bollm. It has been pointed out earlier that the 

composition of phytoplankton with diatoms being dominant and 
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suTadominanoe of blue green algae is typical of highly eutrophic 

conditions (Porsyth and MoColl, 1975)i Thus, the occurrence of 

a situation in Ward Lake, points tovjards its eutrophic nature, 

Growth of phytoplankton requires the assimilation of inorganic 

nutrients from the water in which they are growing (Harrison et. 

al, 1977), Generally it is considered that these nutrients are 

withdravm from the water in the proportions required for growth 

(Eedfield et al, 1965 )* Further, studies have shown that the 

nutrient uptake ratio or cellular chemical composition can be 

altered by biological factors such as, cell size (Paasche, 1975̂ 5)* 

age of the culture (Pugh,1975)» light (Collos and Lewing 1976, 

Devis, 1976), temperature (Jorgensen* 1968, Harrison, 1974)* 

salinity ( Pugh,1975), source of nitrogen (Strickland et al, 

1969) and as well as nutrient limitations (Harrison et al. 1977). 

Moreover, algae that respond to increased nutrient concentrations 

are usually known to be favoured by water temperature and light 

intensity (Mo Combie,1960) as for instance, -blue greens in the 

late summer and diatoms^ in winter and spring (Oaims, 1956). fhe 

same is also true for the present studies. One of the reasons 

for the decline of blue green populations may be due to 

decreasing light intensity and day length as pointed out by 

earlier workers (Gruendling, t97t, Moore, 1974»̂  Oasterlin and 

Reynolds, 1977). Further, unicellular algae axe known to be 

favoured over filaliientous species during the winter due to low 

light intensities (Sperling and Blum, 1974) which probably 

explains the winter dominance of diatoms as seen^in-the present 
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investigations; 

Seasonal fluctuations in the ab\indance and percentage 

composition of zooplankton have been shown in Pig. 12b, 13b, 14b, 

15b, 18b and 21b. In Station-I of Ward Lalce high density of 

zooplankton was recorded in September, 1976 with the maximum 

abundance during December, 1976 and 1977» representing the 

autumn and winterswarms, In WII the autumn and winter pulses 

were recorded with the highest density in September,1976* In 

Villi an additional spring maxima was also recorded* In WIY only 

the autumn maxima was v;ell marked* In Pish Dale pond a winter 

maximum was recorded though summer-rainy season (May - August) 

had a moderately high value* While in Lady Ifyderi Park pond 

both winter and spring maxima viere well marked. 

Protozoans were fairly represented in WI with their 

maximum contributions being 75«97^ during May, 1977 (Siimmar-rainy). 

But in WII the maximum abundance was in January, 1977 (650 units/1) 

forming 92.725S of the total, \ifhile they were completely absent 

from December, 1977 till Pebruary, 1978. Again in Will the spring 

bloom was recorded v/ith the higher contribution of 95.64^ of 

the totali-In VIJY, on the other hand, the same early summer 

maximum was recorded though.in this station protozoan abundance 

was lower than in the other stations of Ward Lake-, In Pish Dale 

pond maximum density was in December of both the yesirs showing 

a winter maxima. In Hyderi Park pond, the spring bl?.pua-was 

recorded with comparatively loxjer mean density throu^out the 

file:///ifhile
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rest of the season. In all these ponds the rise in density was 

due to the abundance of oiliates and generally winter blooms of 

protozoa are known for other-Indian-Impoundments also (Michael, 

1968), However, the density and period of occurrence of 

individual protozoan species was reported to vary during 

different seasons (Wesenbergr- L\md» 1959» Welch, 1952,D^vis, 

;i955)> Pennak (1953) suggested the optimum temperature range for 

the growth of protozoans to be 16° to 25°C and probably this 

explains the protozoan pulses observed in April - May in most 

of the surveyed stations. Pu3rther» the amount of available 

food has been regarded as another factor controlling seasonal 

blooms in Protozoa (Noland, 1925» Bamforth, 1958, Michael,1968), 

though no direct evidence is available from this study* 

Ihe rotifer population showed a bimodal fluctuation 

ranging between October till April representing autumn, winter 

and spring seasons. Such a pattern was observed also earlier 

, from other Indian situations (Das and Srivastava* 1956^ Vasisht 

and 33hir, 1970, Tandon and Singh, 1972, Vasisht and Sharma, 1975. 

Sharma, 1978). Even the higher density during the summer (May -

August) in WII and Will is comparable to the findings of 

George (1961, 1966). 

Oopepod pupulations \Jeve high in density during 

October and Uovember. 1977 in WIj v/hile in WII peak vê Lue was 

recorded during September, 1976. In Will copepoda was represented 

more in their numerical density and their abundance was 

file:///Jeve
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comparatively h i ^ from April till October, 1977. In Station-IV 

of Ward lake the highest density v;as seen in September, 1976 

while in Pish Dale pond maximum was in September, 1977. In Lady 

Hyderi Park on the other hand, highest numerical abundance was 

shown in July, 1977. Thus in the present study for most of the 

stations only one marked seasonal' peak v;as recorded for the 

Copepoda in contrast to the findings of Chacko and Krishnamurthy 

(1958),^ Vasisht (1968) and Seenayya (1973). although, such an 

unimodal pulse vjas also reported by Michael (1968), The peak of 

copepod populations may be indicative of their active period of 

reproduction as was suggested by Michael (1968), Mathew (1972) 

and Sharma (1978). Further the comparatively higher temperature 

during April till October is thought to be another factor 

favouring their reproductive activities as temperature has already 

bean sho\raL to have a direct relationship with copepod populations 

(Sharma, 1978)j 

Generally, ostraoods were represented in olow 

densities in the different stations, although their appearence 

was marked by hi^er densities during September/October and also 

in December and January, They were absent totally from the open 

water station of WII of Ward Lake which reflects their truly 

weed inhabiting nature. The contrasting differences in the 

seasonal periodicity of ostraoods between different sampling 

stations are thought to be due to their ni<die preference 

associated with food organisms* Further, as it has been pointed 

out that each plankton species has its own seasonal history 
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usually with the appearence of one to several seasonal peaks 

(Davis, 1955) and such apparent difference in the peak, forma­

tion in the sajirpling likely to be due to such differences* 

The Oladocera as a group showed a himodal peak in 

their seasonal abundance, though the period of their maximum 

density varied from station to station. In WI maximum numbers 

were confined to September- October and December-r February 

showing the autumn and winter maxima. In Wll only ̂ autumn peak 

was recorded as was also in Will in Noiiember, 1976* Hov/ever, in 

both the stations there was an increasing trend in winter and 

spring which failed to reach swarms. In Station-IV, three 

peaks one each in spring, autumn and winter, were quite sharp 

though the spring maxima (March-April) was of comparatively 

lower derxSity, In Fish Dale pond, no definite peaks v;ere 

recorded and v̂ ith only slight increase in Qladoceran niimbers in 

JiJly* 1977. On the other hand, in Lady Ifyderi Park pond, the 

winter and spring pulses were well marked. It is thus found 

that in all stations Oladocera formed a substantial bulk of the 

total zooplankton communities as was also observed by many 

earlier workers (Chacko and ICrishnamurthy, 1954, Seenayya» 1973), 

Ali, 1976, Shai^a, 1978, Armitage and Smith, 1968). However, 

the summer-rainy season of May-August was mostly characterised 

by low cladoceran densities. That the rainfall can have adverse 

effects on zooplankton has already been pointed out (Michael, 

1968, Mathew, 1972, Jana, 1973* Sharma, 1978), Further, that 
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there could be differences in the seasonal cycles of Oladocera 

within stations of the same system as seen at present is also 

knoim (Pennak, ,1946)* Olhus in tlie present dtudy high densities 

of Oladocera were seen in all the three littoral stations 

while only lower numbers, weare recorded in the open water 

Station (WII) of Ward Lake. This may be due to intrinsic niche 

differences offering less or more food supply as it has been 

pointed out that enriched nearshore areas of lakes are expected 

to have a richer algal flora as compared to the limnetic zones 

(Oassie 1974-» Munavfar and Munawar, 1975). 

Apart from truly zooplanktonic organisms, other 

invertebrate species were also occasionally recorded in the 

plankton. Of these, members belonging to Nematoda, Bphemeroptera 

and Ohironomidae were particularly well represented in WIV and 

lady Hyderi pond in different seasons* However, elaborate 

discussion on these associated organisms is outside the scope 

of the present thesis* 

lakes ranging from oligotrophio to eutrophic condi­

tions have been classified on the basis of their plankton flora 

by many authors* Thus Hutchinson (1967) categorised *eutrophio 

diatom associations* ( Asterionella, Pragilaria, Synedra^ 

MelOSira and StephanodisCUB), 'eutrophio desmid associations* 

(Staurastrum and Cosmarium)> * eutrophic ohlorococcal 

associations* (Pediastrum. Scenedesmus and Ankistrodesnius) and 

* eutrophic myxophycean associations* (Aphanizomenon, Anabaena, 
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and Oscilatoria j». In the present studies with the exception of 

Stephanodis cus, and Aphanizomenon, all other genera occurred 

and bloomed at some time or other during the annual c^ole in 

the different ecosystems (Table-78). Further^ the presence of 

a more or less moderate Miorocystia bloom in Ward Lake and its 

occasional appearenoe in Pish Dale pond further points towards 

their eutrophic nature (Kutkuhn 1956, Swayer 1966, Sreenivasan 

1972i Mathev; 1975)» QIhe presence of heterocystous blue green 

algae like Anabaena in the present systems may also point to 

eutrophic conditions since nitrogen fixation by blue greens 

only occur in very productive lakes (Howard, et, al 1970). 

Oeratium is known to be another indicator algae (Nygaard 1949) 

present in Ward Lake, which once again stresses upon the 

eutrophic nature of Ward Lake, However, as pointed out by 

Oasterlin and Reynolds (1977), the wide ecological tolerance of 

some algae such as the fresh-water species of the genus 

Asterionella (Huber-pestaloz25i 1942) render them of little value 

as indicator organisms. In this context, it may be mentioned 

that Palmer (1969) reviewed the published reports of 165 authors 

and con̂ iiled a list of 60 genera and 80 species of algae most 

tolerant to pollution. He devised an algal pollution index 

(1-5 scale) for rating water samples of high or low organic 

pollution. Different index numbers varying betv/een 0-5 have been 

assigned to different algal genera. In an given instance, v?hen 

the totalled index numbers exceed 20, high organic pollution is 

indicated. Recently this indexing was followed by Casterlin and 
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Reynolds (1977) for Harveys Lake, Pennsylvania, USA in 

establishing its moderately polluted status • In the present 

studies out of the 60 genera listed (Palmer 1969)» a total of 

19 genera appeared in different sampling stations and the 

totalled index showing medium organic pollution (Table-79). 

Of these. Station-IV of Ward Lake showed the highest average 

index value of 15+5» while Stations- I and III and Lady Hyderi 

Park pond showed moderate pollution, the annual mean values 

being 12^78, 12*17 and 13.17 respectively. However, WII of 

Ward Lake and Pish Bale ponds had lower level of organic 

pollution with 6472 and 6.06 j Thus Palmer's (1969) integration 

of all studies certainly gives a reasonable categorisation of 

such organisms as specific biological indicators (Casterlin and 

Reynolds 1977X^ On this basis. Ward Lake seemed to be moderately 

eutrophio. Lady Hyderi Park pond less so, while the cemented 

Pish Dale pond shows the least influence of organic pollution. 

It is also to be noted that among the four stations of Ward Lake, 

Station-II showed the least pollution, likely to be due to its 

location at deep open water surface in comparison to the other 

three littoral stations. The latter findings are in conformity 

with those of Cassie (1974) who shovred that near-shore flora 

do have both pollution tolerant and benthic tyi)es of algae as 

these areas are usually regions of major nutrient input 

(Munawar and Nawwerk 1971) " ' 
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Species composition of Cladecera in different stations 

of Ward Lake* Pish'Dale and Lady Hyderi Park ponds considerably 

varied among these systems (aJable-51 and Pigs. 25» 24, 25, 26, 

27 and 28) • The total ntimber of species recorded during the 

present studies, was 19 of which Ward Lake harboured 18 species 

seven in Pish Dale, pond and nine in Lady Hyderi Park pond, 

Besides, among the four stations of Wa,rd Lake, 11 species were 

recorded in WI, 7 in Wir, 10 in Will while a total of U 

species were recorded in WIV (Table-51). Thus, WIV seemed to 

offer the most conducive environment for different oladoceran 

species while WII, the open water station,had the least species 

diversity* Again, Ward Lake as a whole had a greater species 

composition in comparison to the other two impoundments* It is 

likely that Ward Lake being much larger in dimension and 

having existed longer than the other two systems^ probably 

provides a relatively stable environment for the growth and 

development of several species* in terms of number of ecological 

niches as well sis diversity of food sources, A similar size-

dependant species diversity was .reported by Pennak (1957) while 

studjnlng the mountain lakes of Colorado. On the other hand, 

the small impoundment at Pish Dale being completely cemented, 

obviously provided a less suitable habitat and resulting in 

a low species diversity* The Hyderi Park pond with its inshore 

vegetation is thought to have favoured ohydorid species 

(Smirnov 1963) and hence showed greater species diversity. It 

is interesting to note, that in all these impoundments, members 
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of (Jhydoridae dominated the sladoceran fauna with the 

exception of WII of Ward Lake which is an open water station 

and had a low number of ohydorid species, This was also true 

for the cemented pond at the Pish Dale, The low number of 

chydorid species in these stations were likely to be due to 

the absence of littoral vegetations as most of the chydorids 

are well known to be weed inhabiting forms (Smimov 1963). 

However, a few species of truly littoral chydorids did appear 

occasionally in Station-II of Ward Lake and in the cemented 

nursery pond at Pish Dale, Thus, in WII infrequent appearence 

o^ Biapertura affinis. Alone11a excisa as well as Chydorus 

sphaericuB is thou^t to be accidental, probably drifted away 

by vfind action from littoral to the open water* Further, the 

numerical densities of these species never reached h i ^ 

numbers indicating of their temporary intrusion. Such an 

explanation, however, does not suffice to explain the appearence 

of C^, sj)haerious, aa the exact habitat of this species has been 

disputed by many workers, Anderson (1971) noted Csphaericus 

in open water zones though in low densities and categorised 

this species as limnetic without differentiating it as littoral 

or planktonic. Thus, while this species did occur in WII of 

Ward Lake, their true habitat preference needs more confirmatory 

studies. In Pish Dale pond Chydorus' sphaericuq was represented 

more in the collections, thou^ this pond was also devoid of 

any vegetation being of complete cemented construction* This 

pond was very Qhallpwiin comparison to Station*!! of Ward Lake 
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with a c(anpletely flat bottom with practically no littoral 

zone. Thus, based on the present studies, this species can 

only be called as a helooplanktonic form as suggested by 

Hutchinson (1967) as its precise niohe.preference is yet to 

be assessed as pointed out eairlier. The other three ohydorid 

species, Acroperus harpae, Pleuroxus similis and Alonella 

exoisa which occurred in Pish Dale pond never formed subslian-

tial populations and quite likely were brouglit in by the 

inflow of the surrounding watershed drained into this pond 

during the draught period,when the water level was low. The 

other sampling stations of Ward Lake and the Lady Hyderi Park 

pond were located in the littoral zones with marginal weeds, 

which likely to have served as good shelter as^well as ̂ feeding 

zones for the ohydorid species and thus explains their 

dominance (Smimov 1961, 1965). 

For the purposes of comparison, the Similarity Index 

of cladoceran fauna had been calculated for the different 

stations of Ward Lake, Pish Dale and Lady Hyderi Park ponds 

using S?jfrensen»s index (<^) (Table-80) • Thus it can be seen 

that among the stations of Ward Lake maximum similarity was 

between Station-I and III suggesting the homogeneity of these 

habitats while the differing degrees of similarity between the 

rest of the stations probably reflect localised differences* 

Further, v;hen comparisons î ere made betv/een different stations 

of Ward Lake with Pish Dale pond and Lady Hyderi Park pond, 
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Will of Ward Lake sho\'/ed a higher index implying closer 

similarity in their faunal composition. Comparison of the 

total (XLadocera fauna of Ward Lake with those of Pish Dale and 

Lady Ifyderi ponds revealed lower value of, ̂  suggesting gross 

differences in the faunal composition of these three impound­

ments. On the other hand, Pish Dale and Lady Hyderi Park ponds 

were highly similar in their cladoceran fauna as also evidenced 

"by higher index value. 

The present investigations have shown that the 

seasonal distribution of different cladoceran species varied in 

different sampling stations. Thus, among the family Sididae 

only two species, Sida crystallina and Diaphanosoma excisTun 
} 

> i * 

were recorded from Ward Lake, a. crystallina appeared only 

during the last month of the entire study period (Pebruary 

1978) in the weed beds of WIV. This species'is klways observed 

to be a strictly weed-inhabiting form as al^o indicated by 

Smimov (1963). Diaphanosoma excisus on the other hand, occurred 

only in the open water station of Ward Lake and always in less 

numbers, while in other Indian water this species has been 

reported to form dense populations (Michael 1969). Temperature 

and food are thought to influence their populations density. 

The only macrothricid cladoceran encountered in the 

present study was Ilyocrrptus spinifer from Station-Ill of 

Ward Lake whose appearence in the plankton sanqple seemed to be 
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fortuitous as this species is a well knovm benthic form 

(Pryer 1974), 

Among the dephnids, Sdmocephalus exspinosus was 

present throughout the study period in Station-IV of Ward Lake 

except in December, 1977» while in other stations its distribu­

tion was patchy. It was of interest to note that this species 

was mostly confined to weed beds of Rotala rotundifolia and 

Ammania sp, Further, it was tqtally absent from the open water 

station of WII and occurred only on two occasions at the Pish 

Dale pond. Besides, when Station WIV in Ward Lake was manually 

deweeded at the end of November, 1977 the species again 

disappeared during the following month (December, 1977), All 

these observations confirm the dependency of this daphnid 

species on the weed befls. The other Simocephalid Simooephalus 

serrulatus was recorded in good numbers from WIV of Ward Lake 

in January and Pebruary, 1977 when the former species 

^. exspinosus was in low density. It is not known whether inter 

specific competition was in play giving a competitive advantage 

to one of them, though no specific analysis was done to augment 

this contention, Soapholeberis kingi. the epineustic species 

appeared in all stations, although generally absent during 

winter and early rainy months. Thus, their occurrence in the 

warmer periods of the annual cycle probably suggesting their 

pwBferfflice for warmer seasons as already suggested by Sharma 

(1978), In the open deep water station of Ward Lake, their 
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ooourrence \̂ as oonfined only to September and October of 1976, 

while their abuildanoe was more in shallow water zones as seen 

in most collections. It is probable that these organisms 

preferred the less disturbed marginal zones and are wind 

drifted to littoral regions due to their adaption of clinging 

to the surface film of water (Pryer 1956), 

In the present study, two species od Daphnia are 

recorded, Daphnia lumholtzi appeared only in the deep water 

station of Ward Lake during the last month of the present 

investigations. As a result no population analysis nor seasonal 

trends could be worked out for this species. However, its 

appearence in this station indicates its truly planktonic . 

nature. The other Daphnia sp. which sparsely occurred in the 

Hyderi Park pond is of tsijconomic significance in the Indian 

context since it differed markedly from the two Idiown species, 

DaphMa carinata and Daphiiia lumholtzi. The detailed systematic 

position of this species is discussed elsewhere (Michael, 

personal communication). Their brief appearence without 

developing a substantial population is thought to be due to 

its accidental seeding into this pond through different species 

of aquatic birds, brought from time to time as a means of 

developing the surrounding park area for recreational purposes* 

It is, however, well known that birds play a significant role 

in the dispersion of different cladoceran species (Proctor 1964, 

Anderson' 1971)« 
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The other daphnid species Ceriodaphnia oomuta made 

its only appearence in June - July of 1977 in Station-I of 

Ward lake. The population densities of this species wherever 

encountered never reached high nujobers althou^ microaggre-

gation in Ceriodaphnia is well known and is attributed to 

their reproductive activities (Brandt and.Pemando 1971). 

The moinid,̂  Moina mi crura which is a planktonio 

speciea reported also from other Indian impoundments (Michael 

1962, Murugan 1975) was recorded in October, 1977 in the WIV 

of Ward Lake, The distribution of this species was confined to 

the warmer months and to low densities suggesting that 

temperature probably acts as a limiting factor, since this 

species usually occurs in h i ^ densities in other impoundments 

of tropical Indian plains (Michael 1969, 197t, Murugan 1975, 

Sharma 1978). Further, factors like predation pressure by. 

fishes on dadocera (Brooks and Dodson 1965) and even high 

phosphate content are known to have some limiting effect on 

tliis species (Asch and Kingsbury 1972), In this context it is 

of interest to note that the phosphate lavels of this station 

was somewhat higher, 

Family Bosminidae, was represented by the single species, 

Bosmina longirostris which appeared in all the six sampling 

stations, B, longirostris is known to be a widespread species 

(Brandlova et ̂  1972, Anderson 1974) and has been associated 
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with -the eutrophib nature of aquatio ecosystems (Edmondson et. ^ 

1956), while Zago (1976) considers it as an indicatpr of 

eutrophication. As discussed earlier all the three impoundments 

in the present study were eutrophic in nature, though within 

differing degrees (Tahle-79) and this might be one of the 

reasoziB for the almost continuous distribution of 3,lo2i^lroatria 

in all systems during the different seasons* Again, it ia 

opined that the comparatively low ranges of water temperatiire 

in these impoundments are likely to have favoured "better growth, 

persistence and fecundity of B, longirostria as also reported 

by Bhajan and Hynes (1972), who found that temperature above 

21 0 while enhances the growth of this species, yet unable to 

sustain it for a longer period, Further, Bosmina longirostris 

is Icnown to have competitive advantage in acidic pH medium 

(Janicki and?l)e :,Gosta 1977) which may be another reasons for 

its ubiquitous occurrence in all the present systems which have 

low hydrogen ion concentration* 

Among Chydoridae, Chydorus apliaericus has been found 

to show maximum incidence among all species of Cladocera* 

occurring throughout the seasons* As pointed out earlier this 

species appears to be widely distributed in the aquatio systems 

of Shillong (Part-I) suggestive of their higher level of 

tolerenoe as also pointed out earlier by Anderson (1971) and 

Patalas (1974). The other diydorid species namely, Biapertura 
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affinis. Camptooeroua austrails, Aoroperus harpaetPleuroxus 

Blmllis and Alone11a excisa were mainly confined to weed beds, 

whidi serve both as shelter and feeding territory and reflect 

their well known preference to littoral regions of lakes and 

ponds (Smimov 1965), Among these species, Biapertura af finis 

and Alonella excisa showed relative dominance both in terms 

of numerical densities and seasonal distribution which can 

only be attributed to their successful adaptations to these 

habitats as discussion is restricted for v/at of adequate 

information on the ecology of littoral chydoridae in general 

(Lynch 1980), Two additional dhydorid species, Alonella aana 

and Alona. sp» also appeared in WIV of Ward Lake though in 

small numbers and their occurrence could only be explained in 

terms of their niche selectivity to the weed beds. 

In the present study, Simooephalus exspinosus and 

S,8errulatu3 appeared together in WIV, though one of them 

dominated in numbers as seen from Tables-52 and 54. This 

phenomenon is in agreement with the obseirvations of £ago (1976) • 

Normally among the Oladocera more than one species of the same 

genus is not known to occur as reported by Pennak (1957) 

which is also true for the rest of the other genera in the 

present studies, 

The numerical density of different oladooeran species 

varied from station to station. Some species belonging to 
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oertaln genera did not form substantial populations and as 

suoh have not "been discussed as no definite seasonal pattern 

could be established from their insignificant numbers. Thus 

the present discussion is restricted to the numerical abundance 

of eight species only of v/hich two belonged to family 

Daphnidae, one of Bosminidae and five in Chydoridae, 

Simocephalus exspinosus showed considerable fluctua­

tions in its numerical densities (Pig.50), In WI during the 

month of February 1977 and 1978 abrupt rise in densities was 

witnessed. In WII this species was totally absent while Will 

showed only a moderate increase in population density in 

Hovember of both years, indicative of an autumn pulse in 

contrast to the late winter maxima in WI , In WIV, on th'e other 

hand, a distinct autumn rise was noted (September 1976) while 

the population passed through the winter with subdued 

densities showing a slight increase in early spring of March, 

1977. However, in the following September, no such autumn 

swarm was recorded and the population dwindled to negligible 

numbers, ultimately becoming totally absent during December, 

1977. In Pish Dale and Lady Hyderi Park ponds the numbers of 

this species were very low. Prom the above account, it appears 

that S, exspinosua showed the higher numerical density during 

September to March (i.e, autumn, winter and spring), though 

not confined to any oaa of the seasons. It̂ , 
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generally each planktonio species has its own natural history 

usually with the appeaxenoe of one to several peaks (Davis 1955). 

It may be added that the sudden disappearenoe of Ŝ , exspinosus 

from WIV is thought to be due to human interference as this 

part of Ward Lake was completely deweeded during the month of 

November, 1977, thereby destroying the natural habitat of this 

species arid such effects are also noted byOomi and Strainer 

(1976), The failure to develop adequate population of this 

species in the other stations of the preset study can be 

attributed to food (Smyly 1967, Kersting and leeuw 1976) in 

addition to absence of suitable substrate in the form of weeds 

asaalready mentioned* 

Paiuotuations in the population density of Scapholeberis 

kingj in different'sampling stations have been shown in Pig.29. 

Though this species is xmique in being epineustic (Fiyer 1956) 

and apparently having least competition with other crustacean 

filtrators, their density was not very high (55 units/1). In 

WI this species showed its maximum density at the commencement 

of the autumn season in September, 1977 and 1978, Again, it 

appeared in moderate density throughout spring till the 

beginning of winter. The same pattern was seen in Will while in 

WIV and Lady Hyderi Park pond their density was poor. This 

species was well represented in Pish Dale pxmd where in 

addition to the autumnal maxima slight increase was noted in 

December showing an early winter pulse. Thus this species 
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seems to be more in density throughout the autumnal period 

in all sampling stations (TalDle-55). 

Seasonal fluctuations in the numerical densities 

of the bosminid, Bosmina lon^irostris have been depicted in 

Pig-«51. In WI this species showed autumn and winter peaks 

while in WII only the autumn maxima was well marked. The same 

was true for Will v/hile in WIY the winter swarm was distinct 

after vrhich the population dwindled to negligible numbers. 

In Lady Hyderi Park pond, again the winter maxima were recorded 

in 1976 and 1977. However, in the former year, the winter 

maxima showed two adjacent pulses while in the latter, the 

higher values were recorded even from the end of November 

(late autumn) through the v/inter after which their numbers 

declined. In Pish Dale pond the trend was different showing 

higher values during June - July of 197?, although, during 

February of both 1977 and 1978 also a slight increase was noted. 

Barring the Pish Dale pond with no definite seasonal pattern, 

the higher densities in late autumn and early vxinter in other 

stations are suggestive of a low temperature preference of 

this speciesy Nevertheless, when the temperature reaches still 

lovier levels during January and February ( late winter) these 

organisms ppobably fail to survive. If the above interpretations 

are assumed to be correct, the optimum range of temperature 

for this species could seem to fall betv/een the range of 15° -

20 C. Such a temperature preference was also reported by 
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Bhajan and I^es (1972) for B.longirostrig to favour better 

growth, persistance and fecimdity. However, Patalas (1956) 

and Smyly (l957) recorded a spring maxima for B.longirostris. 

while the winter maxima of the present investigations find a 

parailed to that of Bylov (1935) for this species, 

Chydorus sphaericus was the most dominant in terms of 

numerical ahtmdance among the chydorid species recorded in 

different sampling stations (Pig,32), In WI, inspite of this 

species occurring throughout the study period, September till 

ITovember recorded higher densities though the peak was in 

February, 1977» implying both autumn and winter maxima. The 

same trend was noted in Will with winter increase continuing 

through early spring after v;hich the population reaching low 

densitjres. More or less the same trend was observed in WIV with 

the autumn peak much pronounced than that of late winter/spring, 

In Pish Dale pond the same pattern was seen while in Lady 

Hyderi Park pond, the peak was reached in November, 1976 (late 

autumn) followed by a spring maxima with much lower density* 

Thus £• sphaericus has been found to show distinct autumn pulse 

with a comparatively low second maxima during the late winter/ 

spring. These findings are in agreement with that of Bemardi 

and Oanali (1975). In the present study, it has been noted that 

ween when C, sphaericus appeared occasionally in the open 

water station of Ward Lake, it failed to form substantial 
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populationsp t h o u ^ many workers reported t h i s species i n 

h i ^ e r dens i t i e s i n the pe lagic zooplankton (Reed 1964, 

Cummins e t a l 1969, Pa ta las 1969). 

Maximum numerical densi ty of Biapertura affjj i is was 

seen i n WI of Ward Lake (P ig .55) . Numerically t h i s species 

never formed high densi ty i n any of the sampling s t a t ions and 

t h e i r seasonal d i s t r i b u t i o n was sporadic . Despite no def in i t e 

pa t t e rn i n t h e i r seasonal f luc tua t ions , i t was seen tha t t h e i r 

populations showed moderate inoiease during Ju ly t i l l Octoher 

represent ing the summer-rainy and autumn seasons. However, 

t h e i r v;eed assoc ia t ion has been evidenced by t h e i r extremely 

poor represen ta t ion i n WII and Pish Dale ponds which were 

devoid of vege ta t ion . 

Seasonal f luc tua t ion pa t t e rn of Alone 11a exc isa hsis 

been shown i n P ig . 56 which ind ica tes i t s dominance i n teime of 

numerical dens i t i e s during autumn and ear ly winter i n WI> In 

Will , though t h e i r numbers were low, s t i l l h i ^ e r dens i t i e s 

were seen during ea r ly autumn of 1976 and 1977. In WIV t h i s 

species exhibi ted maximum density i n September* 1976 and 

declined subsequently though continued through winter and 

f i n a l l y disappeared i n February, 1977. In the r e s t of the 

period i n 1977 no animal was recorded, though i n January and 

February of 1978 were present i n very few numbers. In Lady 

Ifyderi Park pond A, excisa had a patchy d i s t r i b u t i o n showing 
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maximum atundanoe during June, 1977 which oontinued till 

September, 1977 when the density became very low showing a 

summar maxima in this pond. Thus from this study it can be 

concluded that though the favourable period of growth of 

A* exoisa is early autumn till middle of winter, a summer 

inaxima is also evident. 

The other two species of chydorid, Camptooercus 

australig and Aoroperus harpae appeared in the littoral 

stations of Ward Lake and Lady Ifyderi Park pond* £. 

austrails showed high densities during the winter months in 

WI, while in Will, highest value was recorded in November* 

1977» with fairly moderate density during winter months 

also. In WIV, hov/ever, £. austrails did not show any 

distinct peiak and appeared from September till November 

of 1976 with low densities. Thus from liig, 34 it is apparent 

thattthis littoral species succeeded v/ell during winter 

months though late autumn is also likely to have provided 

favourable conditions* In Acroperug harpa,e the period 

of maximum density concided with two distinct seasons namely 

autumn and spring and it survived well through early summer 

months both in WI and Will, On the other hand, in Lady 

Hyderi Park pond, the population being of veiy low density 

no definite pattern could be described (Fig,35). 
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3ta order to understand eaoh of the cladoceran species 

in detail* several parameters were measured based on length 

frequency analysis from field samples. The length frequencies 

ultimately indicated different size groups. Of these, except 

the Juveniles (Group-I) » the rest of them were further 

categorised into f amales with and without eggs* Additional 

information on sex ratio » fecundity and gamogenesis have 

also been gathered. I^e to the lack of adequate literature 

on size groups of Oladooera elsewhere » for the purpose of 

comparison the present discussion is mainly confined to the 

species studied herein in the investigated systems, 

Analysis of the population structure of the daphnid 

species, Simooephalua exspinosus revealed certain distinctive 

characteristics (Tabl0-62,Fig»37)« Group-I which represented 

juveniles ranged between 0,55 to 0,85 mm beyond whi<*i size 

primiparous individuals were recorded, while from the laborato­

ry studies on the same species (Part-Ill) it has been shown 

that the four pareadult instars ranged fr«Q 0,563 to 1,128 mm 

in length. It thus show a distinctly larger size at initial 

maturity in laboratory cultures, Purther, during September and 

October, 1976 as well as m July, 1977 when the population density 

in the field was particularly h i ^ , higher incidence of Juveni­

les (Group-I) occurred in the population as v;as also reported 

by GeZfOrge and Edv/ard(l971) for Daphnia hyalina,During the peak . 



302 

density in September, 1976 only to^J mature femalaa were seen 

with en^ty brood pouch (2?S) while the Juveniles formed a mean 

density of 41^. Conversely, when the abundance was very low 

(2.5 units/1), mature females with empty brood pouch formed 

53^ of the total count, indicativ.e of reduced reproductive 

activities ultimately resulting in the decline of the popula­

tion. In this species, appearence of ephippial mothers were 

confined to late autumn to early spring with an exception of 

late winter (February 1977) • Hov/ever, no male was seen during 

the entire study period* While the absence of males in 

Gl€MieoQra is known in both laboratory cwltui^a (Banta 1914) 

as well as in field populations (Edmondson 1955» Miohal 1962), 

production of sexual eggs jnay be due to decline in the food 

level (^lobodkin 1954)* teu^erature and photoperiod (Stress 

t965» 1966J Shan and Frey 1968, Shan 1969, 1970). However, the 

exact stimulus for production of sexual eggs has ye% not been 

elearly defined for natural populations (Hebert 1974). Further, 

despite any distinct patte«i in the seasonal distribution of 

different siso classes, the annual mean brood size of different 

size groups revealed Group-V as the most productive (length 

1.75 *• 2.02 cffii).. From liie laboratory studies on S .exspinosus 

CPart-III), it is evident that higher number of eggs were 

produced in the sizes ranging between 1^649- 2.25 mm ( 7th 

to 12th instars) thou^ the hi^oat value was recorded at 

the 10th instar. Thus, the size at whicih maximum egg/brood 
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roeorded was somewhat eimilar In both field a»d laboratory 

situations* Heverthelese^ in the natural populations the neon 

brood size of Simaoephalua exapinoaua was found to be 7.16 in 

contrast to 21.16 obtained from the prescait laboratory studies 

which needs to be explained. It is lilcely that while laboratory 

rearing of individual specimens was optimal with total absence 

of any toxm of intra or interspecific competetian, the field 

populations had to face the adversities of nature as many 

biotio ajad abiotic factors like food (Ingle e^ ̂  1937» Broolca 

1946, :^her 1954» Green 1956» Vi^verberg 1976 ), food and 

crowding (]pratt 1945)* oxygen concentration ( Pox et ^ 1951t 

Oreen 1966), li^t (Edlen 1943) as well as the age of mother 

(Anderson and JenJcins 1942) are knotm to influence dutch siae 

in (31adocera, !Dhe smaller maximum size attained by individuals 

of field population is also thought to be another character 

related to food availability. Sven the smaller siae of this 

species at maturity referred to earlier could be attributed to 

any of these factJXrs of i-̂hit̂i supply of food se^as to be a 

prime factor (Ward and Hebert 1972, Vijverberg 1976), thou^ 

siae regulation througli predation pressure cannot be altogether 

ruled out (Iiyaoh 1980).^ 

Data on V^Q population analysis of the bosminid, 

Bcsmina lon^rostrisj have been furnished in 5!able3-65, 64 and 

65. In Station^I of Ward LaJce, the maximum incidence of 
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^uvexiiles (Group I) occurred at the period of h i ^ population 

densities* %n this sta-fiion individuals belonging to Group II 

to I? made m^ov percentage contribution during the annual 

cycle, \̂fiiil0 Group V (0,5 to 0*59 nra) was recorded only 

during low density periods* 5!he egg/brood in WI varied between 

1*96 to 2/brood in different size groups, while the mean 

aonual egg/brood for all sizes was 1*81• In WII, contributions 

of juveniles varied between 1 to 4^ with their occun^nc© 

independent of the population deaasity, while the larger animals 

(Group V) were represented more dtiring the IOM density periods. 

In this station the annual mean fecundity was comparatively 

high than that of Vil (i^97/drood)# Hence too the population 

was formed mainly of the members of Groups II to I? (0.23 to 

0.50 mm)s In 3?ish Dale pond, on the other handj occureoice of 

large sized forms were once again restricted to low density 

periodso thou^ not strictly* !2he annual mean egg/brood v;as 

hi^er than that of Vil of Ward Lake, and fluctuated between 

1*92 to 1*98 eggs/brood in different sise classes* Age struc­

ture of Bosmina longirostris has been studied by Janicki and 

DeOoBta (1977) who ei^phasised the importance of such studies 

also in calculating the production/biOTiass ratio, Purther# 

they pointed out l^t the incidence of older females in the 

collections during low population density indicaive of 

reduced reproductive activities as was also seen in our 
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present atudy# Even the appearence of high percentage of noa 

ogg-bearlng femaXes in all sis© gr̂ jups can be attributed to 

the effect of food as lower levels of food concentration is 

^namx to turn the parthenogenetio females into non-reproduc­

tive forms (Slobodkin 1954). Thus in the three stations the 

mean egg number per brood were 1«81, 1.96 and t»97 for 

B.longirostris, Olheso findings on egg/broocL are in close 

agreement to those of Bhajan and J^os (1972) • Again, out of 

the three populations of Bosmina, the one at Station-II of 

Ward lake showed a hi^er egg produoticaa rate implying a more ' 

favourable niche in the limnetic aone in contrast to WI 

located close to the shore with a lower mean number of 1,81. 

Detailed analysis of the different populations of 

the ohydorid, Oliydogus sphaoriouQ and the results obtained are 

shown in Tables-€6, 67, 68 and 69 while data on their length 

group aaa^ysis diaring different seasons garatphically shown in 

Pigs*41» 42» 43 and 44* In VII of Ward Lake the appearence of 

the members of Group I during September and October, 1976 

as well as February and August, 1977 coincided with the 

relatively h i ^ population density with the exception of 

March, 1977 (Table-66), Even the relative abtmdance of size 

Oroups-n to IV coincided \̂ ith their numerical densities, 

Again when a comparison of the occiirrenoe of animals with and 

without eggs was made it viaa seen that incidence of ovigorous 
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motliers were eorrela-bed with higher aonsity of the popylation 

while the lower value of 1«98 eegsArood recorded for Oroup-III 

<0,27 to 0*51 uaa) in Jamiary, 1977 coincided with lov/er density 

in the field population. Unlike in B, longirostrii^ the larger 

animals of the present species (O.J? to 0,41 im)» vere recorded 

during higSier field density (September and October 1976) 

probably suggootive of optimal enviroiaaental conditions, althou^ 

their ocourr^icQ in Pebmary finds a parallel to the appearence 

of large foims as oven/intering populations (Keen 1976), In 

Will of Ward Iisfce, more or less a eiMlar picture was obtained 

for £• sphaericuq thou^ dxaring the hi^est field density of 

45 animals/l, not even a single member of Group I was present 

among the %Q0 animals analysed^ However, barring this exception, 

generally ^uveiailes did appear during h i ^ population densities 

as was also seen in WI-^ She apparently reduced rate of egg 

production was recorded twice during the annual cycle at this 

station, one coinciding l̂ rith lower field density while the 

other when the field population was moderately hi^er (12 

animalsA)* Members of Group-VI (0.42 to 0,56 mm) was recorded 

in this station both during lower and hi^er population 

densities as that of WI» ilgain, with the exception of Aprils 

1977 when numbers/litre were particularly low, mature females 

with eggs formed about 60^ of the total population in the 

12 monthQ study comparable to that of Station-WI» In Statioh-IV 

of Viard lake as well as Lady E^deri Park pond, thou^ no 
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definite seaoonal trend in the frequency occurrence of sisse 

groups could be olatadnedp sjrnchrcny of juveniles and older 

females with h i ^ population densities were seen. Thus, the 

h i ^ oocurrenee of gravid iaothers during h i ^ d^i^ity period 

In this station \̂ as in conformity with the findings in other 

stations. However, oocasionally individuals with just 1 egg/ 

1)rood were also noted* 

K m s in all the four saigpling stations, populations 

of Chvdorus sphaericus mostly consisted of animals ranging in 

length Ijetween 0.21 to 0»4t mm representing Group*»II to Group-V 

during the present studies. It sisy, therefore, be ooncluded 

that in 0[, sphaeriouB high population density generally 

coincides with greater incidence of gravid females. Similarly, 

incidence of jtrvenile is generally linJsed with hi^er popular 

tioa density evidently coinciding v;ith a higher rate of 

reproduction. However, the aeoeptiolaal appeai'ence of larger 

individuals during lower population densities may be attributed 
> 

to the dooliaSag trend of the population, She occasional 

reduced egg number of 1/brood as against the normal of 2/brood 

may be due to insufficient food availability as it is well 

knovm that fecundity of most oladoceran spficies is related to 

their nutritional status (Brooks 1946, Green t956,t§&Sj:and 

C'^O^^^ t972, Vijverbers 1976)., 

(Chough PleuroKis similis occurred in most a£ the 
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colleotion si tec ̂ the only population v/hioh lent itself for 

detailed analysis î as that of Station-Ill of Ward Lake (Table-70, 

^6»A3)^ Even then except for January and Pebruary^ 1977» size 

group analyais of tiis species vtaa based on less than 40 animals* 

^oidesioo of nongravid females was more in this species and 

even in the peak density period more than 28^ of the total 

was formed by females.with empty brood pouoh* (Hhe other differ* 

enoo was that the Juveniles were recorded v/hen the total 

population density was insignificant. Further, the mean egg/ 

brood was always 2 in this species irrespective of the differ-

GaoQQ in size groups^ IHhds is suggestive of a relatively stable 

olutch size in this species even when the population density 

was insignificant thou^ as pointed out earlier, different 

biotio and abiotio factors are known to influence fecundity 

in Oladocera (MoArther and Bailiie 1929» Brooks 1946, Green 

1956, 1966, Vijverberg 1976)^ In this species, maximum 

contribution was from the large eiaed Groups of III to ? 

ranging between 0*58 to 0|»90 mm.. Again, appearance of more 

numbers of older individuals (6roup-V) during low density 

periods as seen in Ohydorus sphaericua was not the case v;ith 

yieuroxus simiiia> Length group analysis on Aeroperus harpae 

was made from the populations obtained both in WI and Will of 

Ward lake (Table-»71»Fig.46)^ The Wl population resembled 

Chvdorus sphaerloua in having high numbers of juveniles 

dtjring high population density suggesting active recruitment 
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to the population build up, ©le record of seven empippial 

feaales among the 100 animals counted in March, 1977 ie of 

Qignificano© as no male was seen at any time of the population 

anal3rsis» Such ephipplal incidence without males in oladooeran 

populations have been reported by earlier investigators 

(Apetein 1907, Brook and Rzoska 1954, Byars 1960» mchael 1962). 

In this connection it may be said that thou£^* Brehm (1953) held 

the view that gamogenetio g^aeration will not be found normally 

in the absence of males. Edmonds on (1955) showed in Daphnia 

midden<aorffiana that ephippial eggs can still be produced » 

though not fertilised^ It has also been pointed out recently 

that sex detezmination in Cladocera is apparently environmental 

(Hebert and V/ard 1972) • Further, in the present study these 

ephippial mothers of A, harpae occurred during "ttie time of high 

percentage of females with enrpty brood pouch (72^ of the total 

population), showing thereby a relatively uzifavourable environ­

ment* It is now vrell Imown that atleait under laboratory 

conditions production of resting eggs are influenced by several 

factors su<^ as food, temperature, photoperiod and crowding 

of mothers (Banta and Brown 1929, Penrtafe 1955, Edmondson 1955, 

Davison 1969, Shan and Prey 1968, Shan 1969, 1970) which are 

also likely to operate under field conditions. 

In Villi, on the other hand, out of the three months 

in vfhidh juveniles of Ĵ , haaeyae were recorded, two occasions 



310 

coincided with insignificant field total density of this 

species,, As such, incidence of more number of juveniles» 

thou^ indicative of active reproduction, does not necessarily 

suggest a corresponding higher population density as factors 

like predatory pressure amons many others are already loiovm 

to regulate cladoceran cosuriunities (Dodson and Brooks 1963» 

Green 1969» Dodeon 1974> Î yntdi 1980) • Furthermore, both in 

WI and Villi more number of larger females of this species were 

recorded during periods of relatively high numeiifical abundance 

as was also the situation in Cihydorus ST?haericus in most 

stations.. Fecundity of ihe above mentioned populations of 

Aoroperus haypae varied between 1,93 to 2 eggs/brood thou£^ in 

majority of the months studied less than 2 eggsA^ood was 

seen» thought to be directly related with fluctuations in 

nutritional levels in the habitat (Hebert 1974» Eedfield,1980)« 

^^ Alonella exoisa, the general pattern of population 

otrueture was similar to that of other ohydorids. The abiandance 

of juvenile instars in this species did not follow any set 

pattern in the three populations of WI and Will of V/ard lake 

and Iiady Bfcrderi Park pcaid as also seen in Acropeiois harpae. 

Percentage contribution of non ovigerous females in this 

species were generally more during seasons of low 

population density which is similar to the findings on other 

chydorid species discussed above^ lEhough this species appeared 
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in varying densities v;ith their number at times being 

negligible* exhibited a remarkably constant egg number in all 

siae groups* When compared with the present laboyatoiy findings 

on Alonella egoisa. (Part-Ill), the initial length of the 

juveniles in the field as found to be much smaller ( 0.22 -

0,26 mm) to that of laboratory individuals (O.3O3 -0*576 mm). 

Again, the maximum siae recorded in the laboratory was 0*612 mm 

in contrast to 0,57 mm recorded from the field sacples* Such 

differences are suggestive of a smaller siae at maturity in 

nature brou^t about, among several other factors mostly by 

differences in food and temperature (McArthur and Baillie 

1929, Vijverberg 1976)* It is of interest to note that Green 

(1966) had already suggested that in viarmer water, greater 

number of smaller eggs are produced to ensure greater rate of 

population groirth, as small sissed eggs are Imown to result in 

smaller sized embiyos (Steele and Steele 1975)• Further, 

relatively lower maximum length attained by the field aanimals 

might have been also the result of availabiiity of food as 

both quality and quantity of food is known to effect growth 

in Oladocera (Tijverberg 1976)^ 

Recently Xynoh (1980), while reviewing the evolution 

of life history patterns of Oladocejrei in general opined that 

sm^ll sized^oladooeran species, -tiiough remain vulnerable to 

invertebrate predation, produce larger offsprings which 



312 

mature at an early stage thereljy reduoijag juvenile mortality. 

However, though this laight explain the smaller size of 

iilonella exgiaa at maturity under field conditioner va eu<di 

predation data is available from the present study to substan­

tiate the above opinion. Further, as detailed in Part-in, in 

the laboratory culture some individuals of Alonella^ ̂JCjciBa 

were seen to pass throui^ feî  non-reproduotive instars, under 

latie same feeding regimes as the rest of the culture whi<ai 

showed active reproduction and growth. Kiis phenomenon may 

also explain the presence of females with empty brood pouch 

even v/hen the field population ia othert^ise active and groi;ing. 

Such occurrence of non ovigerous adult females in the present 

species as also seen in the other dt^dorids discussed above 

mig^t be true for ohydorids in general which are thou^t to 

have a similar life cycle pattern as viewed by Shan (196^. 

In a VQX7 recent review, an analysis of data from 

seventy different workers had been made by liyndh (1980) who 

summarised the life history strategies in various oladoceran 

species. Based on both field and laboratory information 

gathered on all the present species, a comparison has been 

made v/ith the S-ummary Table of Lynch (1980). It is apparent 

that Sjjaocephalus exspinosua in the present study has a smaller 

maximun size with a larger brood siae as compared to other 

reports. !Bhis smaller initial size and as well as smaller dutch 
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size in ̂ , exspjnosug seen in the present study reveals the 

desoripancies even for the same species from region to region, 

These are thou^t to be due to differences in the geographical 

looalities v/i'tti differing food, temperature and other regimes, 

Such differences have already been pointed out and discussed 

in Boamina, longirostriQ. Uhese findings at-least partially 

ansvrer the generalised question raised by Frey (1967) Vhether 

widespread eurytopio species are in reality a collection of 

smaller geographic populations with different ecologies and 

physiologies. The mean brood size of B, 3,oft̂ irostris as 

computed in the present lake and ponds while closely similar 

to the findings of Bha^an and H^es (t 972)9 the maximum brood 

si2e of eggs is far below the upper limit of 15 eggs reported 

for this species in the above review (Table-80a)» On the other 

hand most of the comparative data provided for the present 

chydorid species in the same Sable suggest the apparent 

similarity of ohydorid life histories even in different 

geographic locations, 

Thus fyom the above discussions it may be concluded 

that the daphnid Simocephalus exspinosus had more or less a 

similar growth pattern both under field and laboratory 

conditions, though variations in brood and body size existed, 

On the other hand, all the species of ohydorids, exhibited 

some degree of overall similarity in their population 
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structure thou^ v/ith the following differences. Both 

Aoroperua haxpae and JS. Bi;>haeriouq showed lainor variations 

in relation to egg numbeara» v;hile Pleuroals aimilig and 

Alonella exoisa had a constant numher of 2 eggs/hrood wven 

when their field density v;as pooy^ ThUB in terms of reproduc­

tive potential there seems to exist two categories among the 

present ohydorid assemblage, one showing sligS^t variations 

in egg number C Chvdorus sphaerious and Aoroperus harpae ) 

while the other with coxistant egg number apparently not 

influenced by changes in the environmentaL conditions. 

Pleuroxus, similis and Alonella exoisa fall into this latter 

group, Howevers it may be added that though the obserced 

variatioifffi in mean egg ntuabers of the former group range 

only in negligible fractiosaa, it may still be of significance 

in view of the constancy of 2 eggs/brood toiown for most of 

the smaller chydorid species. 



PART--II 

S U M M A R Y 
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Detailed investigations oh the hydrobiological conditions 

and oladoceran f aima were carried out on three selected habitats 

for a period of 18 months at weekly intervals, Ihis study was 

aimed at gaining insight into the biology of different 

oladoceran species under natural conditions. lEhes© study 

impoundments situated at an altitude of 1600 m, within the 

Shillong city> were Ward Lake, the largest and deepest among 

the Shillong systems, Pish Dale pond and Lady Hyderi park pond. 

These iiopoundments showed variation in size, shape, depth and 

vegetation, Further, while Ward Lake is for recreational purpose 

and stocked with common carps. Pish Dale pond is a nursery pond 

and Lady Hyderi park pond is used for maintaining aquatic birds 

within a children's park. A total of six sas^ling stations 

were established, four of them in Ward Lake while the other two 

smaller ponds eadi treated as a single sampling station.-

Studies on the moi^hometry and associated vegetation 

showed differences among these ponds. The ranges of values, 

obtained on the physicochemioal properties in these systems 

were similar to those of other icipoundments of Shillong 

surveyed at two monthly intervals. Thus these three impoundments 

were also characterised by low values of pH, conductivity, 

alkalinity as well as silicates. On the otljer hand moderately 

higher values of phosphate and nitrate were recorded. However, 

differences in the physicochemioal properties were noted 

between the different sampling stations, 
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Seasonal variation in temperature followed the same 

trend in all stations while pH values ranged between 6 and 

7 In five out of the six stations,. In lady ^deri park pond 

the pH value was relatively lower. Except for station IV of 

Ward lake with slightly higher values, conductivity 

readings ranged between 30-100 umhos/cm, Ihe sharp increase 

in conductivity values on certain occasions have been 

discussed* In lady Hyderi park pond a higher carbon dioxide 

value was recorded coinciding v/ith lower densities of algae, 

Only bicarbonate alkalinity was recorded in all stations 

with the exception of a single instance* These values were 

lower in comparison to other aquatic systems of India. 

Phosphates and nitrates- were moderately hi^er in their 

concentration While the amount of silicate was low in all 

stations* 

Higher phytoplankton densities were recorded during 

October, November and Pebruaiy in all four stations of Ward 

lake, while lowest density was se^i in lady Hyderi park 

pond. The major phytoplankton groups recorded were 

j^ophyceae, Chlorophyoeae, Dinophyceae, Chrysophyceae 

and Bacillariophyoeae* Variations in the seasonal abundance 

of different groups were noted in different sampling 

stations^ and thus Myxophyceae and Chlorophyceae dominated 

in stations I, II and III of Ward lake» while in station IV 

Baoillariophyceae and Chlorophyceae were more. In lady 

Hyderi park pond also the same was the case. Besides^ in 

Pish Dale pond Chlorophyceae formed the bulk, 
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Maximum abundance of zooplankton was seen in 

station IV of Ward Lake while the least was in Pish Dale 

pond. Differences were noticed in the seasonal fluctuations 

of zooplaziktonic groups and oauseî  discussed^ 

Based on the phytoplankton oomntunity structure the 

degree of pollution was assessed. Thus two out of the three 

impoundments fall under moderate level of organic pollution 

while the third under low pollutKm. Also, differences were 

noted in the degree of pollution even between the stations 

of the same system. 

A total of 19 oladooeran species was recorded during 

the present study. In Vlard lake alone a total of 18 species 

were seen, while in Pish Dale and Lady Ifyderi park ponds, 

the numbers were 7 and 9 respectively* Hfhe <*iydorid 

ol'adooeran were mostly associated with the littoral 

vegetation. In terms of diversity* more species were recorded 

in the largest system as compared to others* 

In addition to their presence in the littoral zone, 

Ohydorua aphaerious was also seen in the limnetic stations. 

The occasional appearance of other chydorids in ponds 

completely devoid of vegetation, however, seemed to be due 

to migration aided by wind action as well as throu^ diverted 

inflow of water. Thougji higher similarity index values were 

recorded for the different stations irrespective of systems , 

gross differences in the total species number of Cladocera 

existed between the three impoundments. 
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Seasonal distribution of oladooeran species showed 

variations among different stations. While the two Sididae 

species were patchy in distribution, the only dominant 

daphnid species, Simooephalus exspinosus was found mostly 

associated with a particular weed throughout the seasons. 

Scapholeberis Kingi , the epineustio species appeared in 

all of the three systems. The two species of Daphnia , 

Ceriodaphnia comuta as well as Moina mi crura had 

restricted occurrence during the animal cycle, Bosmina 

longirostria.appeared in most stations during the greater 

part of the sesisons. Among the ohydorids, (?hvdorua 

sphaericuB had a continuous distribution throu^out the 

study period while other ohydorids eachibited seasonality 

in their occurrence, 

numerical density of different species showed 

variations during the 18 months study in different stations, 

Ihou^ a certain degree of similarity existed in the 

seasonal abundance in different stations, a number of 

dissimilarities were also noted and discussed* 

Dominance of chydorid Ola^ocera was well marked in 

littoral stations and seemed to be causally related to the 

vegetation. On the other hand, species belonging to 

Daphnidae, Moinidae and Bosminidae were well represented 

in the Hume tic regions in conformity with the planktonio 

habit of a majority of them, Further, nonoccurrence of more 

than one species of the same genus was usually noted and 

when more than one species appeared, one dominated 
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numerically. 

Eesults on the size group analysis of one daphnid 

speciesf one bosminid and foxir chydorid species have been 

presented. The daphnid species, Simocephalua exspinosua 

e^ibited some similarity to the same species odltured 

under laboratory conditions. The field specimens, however, 

showed lower number of eggs/brood and had a smaller majcimum 

size. Size groups did not exhibit any seasonal pattern 

though larger forms appeared in the populations during low 

density periods while the ;juveniles were generally more 

during high field density. Non egg bearing as well as 

ephippial mothears were also recoaxled, thou^ no males were 

seen. Both in the bosminid and the dhydorid species, the 

same trend was noted. In addition, incidence of more 

number of females with empty brood pouch was recorded 

during low population density periods:̂ ' Further, in two out 

of the four chydorid species,^ sli^t variations in mean 

fecundity value were recorded while in the other tvfo, a 

constant number of 2 eggs/brood were seen." These findings 

have been compared with recently published reports and 

the salient differences discussed'., 
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The planktonic crustacean filter feeders play a 

major role in the secondary productivity of freshwater eoosyatems. 

Most of these animals are primary consumers, directly utilising 

the primary production and hence decide to a large extent the 

nature of energy flow in ecosystems (Weglenska 1971) since they 

influence the primary links in food chains Further, amonl; these 

Crustacea, the group Cladocera is well Jmown to form the food of 

fishes for toth adult and fry (Alikunhl 195^ Welch 1952, Pennak 

1953» Vaas and Van-Oven I959i Michael 1962, Kavaneethakrishnan 

and Michael 1971, Vij ayaraghavan 1970). Thus proper understanding 

of the laasic life parameters of Cladocera are of primary 

importance to olatain an insight into their biology under natural 

conditions. These realisations have prompted many workers to make 

a comparative study of laboratory and field life histories of 

Cladocera (Green 1956, Korinek 1970, Bhajan and Hynes 1972, 

Bottrell 1975> 1975a, Vijverberg 1976). In India too, studies 

in this direction were started in the early sixties (Michael 1962) 

followed by a few studies in subsequent years (Parabrahmam et al^ 

1967, VijayaraghaVan 1970). However* in recent years a number of 

studies were conducted on the life history patterns of oladoceran 

species from the tropical plains 0£ India, confined mostly to the 

lower latitudes (Navaneethakrishnan and Michael 1#71» Murugan 

and Sivaramakriahnan 1975» 1976, Murugan 1975t 1975a. Unfortunately, 

no attempt has been made so far to study the life cycles of 

Cladocera at the relatively higher : latitude where subtropical 

conditions are obtained^ particularly so in the altitudinal hill 
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regions of North-Eastem India. Purther, imder Indian conditions, 

among the members of different families of Oladocera barring the 

daphnids and moinids, the life cycle patterns are not worked out 

in other families, especially in the largest group of chydorid 

Oladocera. Even, on a worldwide basis the life -history studies 

on ohydorids are just being worked out as reviewed by Shan (1969). 

who studied the detailed life history of pyjeuroxus dentioulatus 

and suggested a probable general pattern in the life history of 

ohydorids. In addition, our knowledge on the life history of the 

males of Oladocera in general are still meagre, as compared to 

that of the parthenogenetio females, noteworthy works being 

those of MoAarbher and Baillie (1929)and lei and Clifford (1974) 

on the male life tholes, 

Taking into account the foregoing facts, an attempt 

has been madexhere to study the life cycle details of few selected 

oladoceran species representative of the families, Daphnidae, 

Moinidae^ and Chydoridae under the present subtropical climatic 

conditions (vide infra. Part-I )« Thus laboratory life c^cle 

studies were conducted on the male and female of Paphnia 

lumholtzj. females of Simocephalus exspinosus, Moina mioirura; 

and Alonella exciaa and the results discussed." 



PABg-III 

M&TEBIAL Aim MBIHQDS 



323 

Three of the four species for the present study had 

"been collected from the plankton of Ward Lake. The specie.e 

Moina mi crura was collected from a small pond at New Colony 

locality of Shillong (Pig. 2, Sjrstem-III). A plankton net 

fabricated out of lJo.25 xxx holting silk was used for this 

purpose. On return to the laboratory, the samples were trans­

ferred to a glass trough of 3 1 capacity. CJladoceran species 

were picked out with 1V help of a wide-mouthed glass pippette 

and the particular species to be studied were sorted out. The 

gravid females of each species were isolated and placed in 

petri*dishes of 2.5 cm diameter with filtered pond water as the 

culture medium. Subsequently the freshly hatched first instar 

neonatae were collected from these dishes and each of them was 

reared separately in similar sized dishes. Usually the events 

during the entire life cycle were traced in 30 to 50 animals 

for each species and the mean of the data were computed,However, 

only 15 to 20 males could he reared for Daphnia lumholtzi.Pond 

water, after removal of net plankton was used as the culture 

medium. Water was changed every day. A soft brush was used for 

cleaning the rearing dishes. A cloth net mounted on a wire 

frame served as a cover for the dishes in order to avoid scum 

formation due to the dust particles falling on the water surface. 

All the measurements of the differsat life cycle parameters 

were obtained using a compound microscope,^ The life cycles of 

species studied were Simocephalua exspinosus and ]>aphnia 

lumholtzi belonging to family Daphnidae; Moina micrura of 

family Moinidae and Alonella exoisa under family Chydoridae. 
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Ihe length measurements of both the parthenogenetio 

females and males of Daphnia lumholtzi were made as shown in 

Fig.Si • The anterior and posterior spines were not included^ 

This measurement from the base of the posterior (Caudal) spine 

to the base of the head spine (helmet) corresponds to the 

•total length* of Anderson (1932), the'length* of Edmondson 

(1955) and the body length of lei and Clifford (1974). For 

Simooephalus eaapinosus, Moina miorura and Alonella excisa 

length measurements were made from the tip of head to the base 

of the carapace for each species as shown separately in Pig. • 

Length was measured using an ocular micrometer under a compound 

microscope, All the illustrations were made using a Camera 

luoida. 

Rate of egg production in the species investigated 

was calculated by plotting the cumulative frequency of eggs 

against the number of axiult instars. The slope of the regression 

line ( ̂  value) gives a measure of the rate of egg production 

(Havaneethakrishnan and Michael 1971). Thus the equation of the 

straight line fitted is Y a ax + b > where x denotes the number 

of adult instars and y denotes the cumulative iidmber of eggs, 

while 'a* and *b* are constants and *a* gives a direct measure 

of the rate of egg production (Navaneethalcrishnan and Michael 

1971). 
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Life cycle of Daphnia ̂gimlaoiisĝ iSs-̂ Es.y 

Parthenogenetio female : The various life cycle parameters 

of the parthenogenetio female of Daphnia lumholtzi have been 

furnished in Table-SO. It will be seen that the freshly bom 

neonata measured 0»637 mm in length which matured after 4 

moults, The primiparous^ LJ female measured 1.550 mm long and 

reached the maxinnim length of 1«954 mm in the Hth instar and 

failed to show any further si25e increment in the 15th instar 

after which death occurred^ iEhe length at different instars is 

shown in I'ig»52. Thus, under laboratory conditions the total 

life span recorded was 775.15 hours (52.50 days) at 22°to 26°C. 

Animals became mature at the age of about 144 hours or at the 

6th day. There was considerable variations in the duration of 

instars v;ith the adult instars distinctly longer than the 

preadult instars. Variations in the duration of the 4 preadult 

instars ranged between 50.49 to 58.79 hours while the adult 

instars varied between 42.58 to 66.46 hours^- However, 14th or 

the penultimate instar was the longest with 66.46 hours , 

duration. The total number of eggs produced during «i l.ife time 

of 52i30 days was 51.09. Highest number of eggs per brood was 

recorded at the 8th or the 4th adult instar (7.29/brood), while 

the lowest value was 1.75.-egg3, per brood in 15th instar (11th 

adult instar). In Pig.55 fecundity and duration of different 

instars have been plotted against the age of the females 
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IBable-81 jShowixig the different life cycle parameters of 
female Daphnia liuaholtzi studied under laboratory 
oonditions* 

Bggs/t>rood 
(Wo.) 

Cumulative 
Wo. of eggs 

Duration 
of instar 

(Hr.) 

Xiistar Mean 
length 
(mm) 

Cumulative 
duration of 
instar (Hr.) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
15 
14 
15 

0.637 
0.770 
0.911 
1.094 
1.350 
n549 
1.638 
1.735 
1.768 
1.816 
1.857 
1.895 
1.922 
1.954 
1.954 

-
-
«* 
•• 

4.44 
4.48 
6.68 
7.29 
5.42 
4.90 
5.38 
4.63 
3.79 
2.33 
1.75 

«• 
-
•̂  
« 

4.44 
8.92 

15.66 
22.89 
28,31 
33.21 
38.54 
43.27 
47.01 
49.34 
51.09 

30.49 
36.00 
38.06 
38.71 
42.58 
49.66 
52.89 
57.50 
55.15 
58.72 
61.64 
61.46 
61.20 
66.46 
64.81 

30.49 
66.49 

104.55 
143.26 
185.34 
235.50 
288.59 
345.89 
401.06 
459.76 
521.40 
582.86 
644.06 
710.52 
775.13 

Table«*82J SJiowing the different life oycle parameters of 
male paphni^ lumhbltzi studied under la"boratory 
conditions. 

Instar Mean 
length 
(mm) 

Duration of 
instar 

(Hr.) 

Cumulative 
duration of 
instar (Hr.) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

0.582 
0.728 
0.786 
0.900 
0.972 
1.072 
1.115 
1.272 
1.327 
1.384 
1.406 
1.451 

34.29 
43.02 
52.80 
37.71 
37.71 
54.86 
49.71 
51.43 
60.00 
54.86 
65.14 
66.60 

34.29 
77.31 

130.11 
167.82 
205.53 
260.53 
310.10 
361.55 
421.53 
476.59 
541.55 
608.59 
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Shovring changes iii the length of the parthenogenetic 
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Fig>54 

Rate of egg production of Japhnia lumholtzi. 
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Fig.56 

Dusation of instars in the male of Daphnia luiaholtzi. 
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under study • IChe cumulative frequency of eggs in different 

adult instars had been plotted in Pig*54 and the angle of 

slope ( a value) of the fitted curve was found to be , 

a t= 1,0396. Among the 30 females reared, only one of them 

produced 5 ephippia following the parthenogenetio cycle, 

Male s The total life-span, number of instars and their 

duration of the males of 3)apĥ ia lumKoltzi have been given in 

Table-81 and Pigs, 55 and 56, The individual male underv̂ ent 

a total of 12 instars in its life cycle and survived 608.29 

hours (25.35 days) at a laboratory temperature range of 

22° to 26°0, Length of the 1st instar juvenile was 0,582 mm 

while the maximum length recorded was 1*451 mm at the 12th 

instar. Unlike in the parthenogenetio female, the last male 

instar showed increment in length. The durations of different 

instars v;ere highly variable and ranged between 34.29 to 66.60 

hours, though the last 2 instars (11th and 12th) were distinct­

ly longer than the others. 

Life cycle of Simocephalus exspinosus (Koch) t 

!Die life cyc3e of the parthenogenetio female of 

Simocephalus exspinosus included 16 instars of which 4 were 

preadult while the remaining 12 were adult instars. In Table-82 

the different life cycle parameters recorded at a temperature 

range of 18 to 26 0 are represented. Under laboratory 
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conditions the mean total life-'Span of this- animal was found 

to "be 946.64 hours ( 40,61 days) of which the 4 immature 

instars shared a total of 151%92 hours (6.53 days) and the 

remaining was spent during the adult instars (Fig. 57). The 

freshly hatched neonata measured 0.565 mm which gradully 

increased to reach the maximum length of 2.40 mm at the 15th 

instar, !I!he last ins tar did not shov; any further increment in 

length. The first adult ins tar (5th instar), at which the 

animals became primiparous measured 1.512 mm. The duration of 

different instars and the number of eggs per brood have been 

depicted in Pig.58 against the age of the animal. The total 

number of parthenogenetic eggs produced during the life-span 

of 40.61 days was 255.88. Instar 10 or the 6th adult instar had 

the highest number of eggs while the penultimate instar also 

showed another rise in egg numbers. Thus the eggs per female 

ranged from a minimum of 5.92 to a maximum of 58.04 and showed 

a distinct bimodality. Duration of different instars ranged 

between 55.04 to 78,72 hours. Of these, adult instars ranged 

betwen 60.00 to 78,72 hours while the 4 preadult instars showed 

a duration limit ranging between 55.04 to 56.16 hours with the 

highest duration at 10th instar (6th adult instar) while the 

lowest was that of 2nd instar with 55.04 hours. The rate of 

egg production was found to have an a value of 1.5885 with the 

equation of the fitted curve being Y =1.5885 X ••• 0.7878 

(Pig.59). 
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Sihov/ing changes i n the length of Simocephalus exspinosua 
during d i f ferent i n s t a r s . 
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Life cyole of Molna mi crura Kuria s 

Besults on the'laboratory studies of the life qycle 

of the parthenogenetic female' of Moina mi crura, conducted at 

a temperature range of 18°to 26°0 have been shown'in 5lable-83, 

!Ehe average total life span recorded for this species was 

728,64 hours (30*56 days) as shown in Pig,61. The life cyole 

included 14 instars of which 2 were preadult and 12 adult 

instars, IDhe 1st instar neonata was 0.563 mm in length which 

gradually increased to reach a maximum of 1,066 mm in the 13th 

instar. Instar number 14 or the last instar did not exhibit 

any perceptible'increment in length. Pig.60 shows the length 

variations during different instars. The duration of different 

instars varied considerably as shovm in Pig.61, The Ist instar 

lasted for only 27.84 hours while the 1st adult primiparous 

instar (3rd instar) was of 36.00 hours duration. Highest 

duration was that of 2nd adult instar (4th instar) with 64.34 

hours. During the remaining instars the duration ranged between 

51.84 to 60,00 hours* Rate of egg production was lowest during 

the last two instars. The 1st adult instar (3iHi instar) 

contained 3.40 eggs per brood xvhile' the 6th, 7th and 8th instars 

(4th, 5th and 6th adult instars) were the most productive with 

a mean egg number of 6,48, 6,76 and 6^32 respectively. Then 

onwards the egg number declined to reach the low'est value of 

3 on the 11th adult instar (ijth instar) which remained 

unaltered even during the next instar. The cunnilative frequency 
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i Rowing the different l i f e ojrele peo'ameters of 
Simq^oephaiua exSDinoBuig studied under laboratory 

I n s t a r 

1 
2 
3 
4 
3 
6 
7 
8 
9 

10 
11 
12 
15 
14 
15 
16 

Meaii 
length 

(mm) 

0,565 
O1686 
0*874 
1i128 
1*312 
1*468 
1*649 
1*830 
1*948 
2*069 
2.117 
2*250 
2*275 
2*290 
2*400 
2*400 

IBable*^ 1 

I n s t a r 

1 
2 
3 
4 
3 
6 
7 
8 
9 

t̂o-' 
11 
i a 
1? 
14 

Mean 
length 

(mm) 

0*463 
0*588 
0*688 
0*766 
0*828 
0*885 
0*936 
0*981 
1*012 
1*30t 
1*048 
1*054 
1*066 
1*066 

oondltioiis*; 

^ggs/1)rQo(i> 
ISO,) 1 

mi ' ' • 

' ' * • ' ' 

•* .' 
• , . « * • 

5*92, 
10*68 
18.*36 • 
22*00 i 
27*20 Iv 
38*04 ? 
31*60 
28*58 
28*58 : 
32*00 
18*00 y 

' ' • • "'• ^ '• i - , 

Cumulative 
No* of eggs 

' ' / « • 

* • < 
«# 
mt 

5.92 
16.60 
34.96 
56.96 
84.16 

122.20 
153.80 
182*38 

x182.38 • 
•a^35.88 ' 

253*88 
253.'88 

ihiration 
of i n s t a r 

(Hr*) 

24.00 
49.68 
35.04 
43-20 
56.1^ 
60.00 
69*12 
66*24 
61.44 
71.04 
78.72 
72.00 
72.00 
72.00 
72»00 
72.00 

Oumulative 
durat ion of 
i n s t a r (Hr*) 

24.00 
73.68 

108.72 
t5 l . 92 
208*08 
268.08 
337*20 
403.44 
464*^88 
535^92 
614*64 
686,67 
758.64 
830.Sf-
902.64 
974.64 

, . . , . ,;.,/ . . . .> 
V • !• • '-

Showing t h ^ d i t o r ^ t l i f e c^dle paraiaeters of 
Moina toicnur 

Eggs/brood 
(No*) 

. : • ^ • 

I*-

«a». . 

3*40 c 
3*92 
4*87 

•-6^48 
6*76 
6*32 
5*53 
4*93 

- 4*00 
3*33 
3*00 
3ip0 

a Studied-under laboratory condi t ions. 

. 1 • • | - - - - - - ' . . . 

Omnulative 
Ho. of eggs 

. • * 

^m^' 

t:ri3&^ 
7.32 

12*19 
18.67 
25*43 
3^*75 
37*28 
42»2l 
46*21;' 
49*54 
52*54 
55* 54 

durat ion 
of i n s t a r 

(Hr*); 

27*84 
29*76 
36*00 
64*32 
51*84 
54*24 
57.12 

" 54*72 
58*56 
57*60 
58*56 
59*52 
58*56 
60*00 

GuinulatiVQ 
durat ion of 
i n s t a r (Hr.) 

27*84 
57*6a 
93.60 

157*92 
209.76 
264*76 
321*12 
375;84 
434*40 
492*00 
550*56 

. 610*08 

.668*64 
728*64 
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Showing changes in the length of Moina laiorura 
during d i f fe ren t i n s t a r s , 
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Fig*6l 

Showing numlDer of egg/brood, age and number and 
durat ion of i n s t a r i n Moina micrura. 
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Pig.62 

Rate of egg production of Moina mlcrurao 
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of egg number for this species has been plotted against the 

number of adult instars in Pig,62. The angle of the slope of 

the strai^t line ( a value) was found to be a a 1.1645, while 

the equation of the fitted curve was Y r: 1.1645 X + 0.5478, 

Life pyole of Alonella excisa (Fischer) t 

' The studies conducted on the life cycle of the 

parthenogenetic female of Alonella excisa eadiibited an average 

total life-span of 1801.01 hours (75.04 days) under laboratory 

conditions. This experiment v;as conducted at a room temperature 

range of 18° to 25°0. Q?he average mean length, instar duration 

and eggs per brood have been shown in Table»84« This species 

had a total of 28-instars in its total life-span of which the 

first 2 were preadult and the remaining 26 were adult instars* 

Increment in thê  length of A, exoisa during different instars 

has been shown in Pig.63. The freshly bom neonata measured 

0.505 nm which grew steadily to reach the maximum length of 

0.612 mm at the 26th instar. Since then the animals did not 

show any perceptible increase in length till the 28th instar 

after which they died. The first adult or primiparous instar 

was of 0.424 mm in length. The egg production per female was 

constant at 2 upto the 15 instar (l3th adult instar). Out of 

the 26 adult instars the last 2 were non-productive, while the 

mean number of eggs / female was less than 2 eggs during 
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Table-*85 « Showing -ttie d i f fe ren t l i f e oyolQ parameters of 
Alonella exoisa s tudied under laboratory conditions* 

IXiration Cumulative 
of i n s t a r durat ion of 

(Hr.) i n s t a r (Hr*) 
I n s t a r 

Mean 
longth 

(mm) 

Eggs/brood 
(No*) 

Cumulative 
Ho* of eggs 

1 
2 
3 
4 
5 
6 
7 
8 . 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

0*303 
0*376 
0*424 
0*449 
0.474 
0*486 
0*490 
0*497 
0.529 
0*542 
0*551 
0*559 
0.562 
0*566 
0*568 
0*571 
0*575 

- 0*580 
0.585 
0*590 
0*594 
0*598 
0*604 
0*605 
0*608 
0*612 
0*612 
0*612 

-
• 

2*00 
2.00 
2.00 
2*00 
2*00 
2*00 
2*00 
2*00 
2*00 
2.00 
2.00 
2*00 
2.00 
1.98 
1.80 
1.94 
1.60 
1.88 
2.00 
2.00 
2.00 
1.94 
2.00 
1.82 

— 
-

-
4> 

2*00 
4*00 
6.00 
8*00 

10*00 
12.00 
14.00 
16*00 
18*00 
20*00 
22*00 
24.00 
26*00 
27*98 
29*78 
31*72 
33*52 
35.20 
37.20 
39.20 
41.20 
43*14 
45*14 
46.96 
46*96 
46*96 

34*40 
38*07 
67*86 
62*90 
54*62 
62*90 
62*07 
51.31 
51.31 
57.93 
61.24 
67*86 
61*24 
61.7t 
62.76 
63.69 
64.62 
67.64 
65.14 
62.86 
70*59 
70*00 
82.29 
72*00 
72.00 
84*00 
88.00 
72.00 

34*40 
72*47 
140*33 
103*23 
257.85 
320*75 
382* 8^^ 
'4T4i;l3S 
485*44 
543*37 
604*61 
672*47 
733.71 
795*42 
858*18 
921.87 
986.49 
1054.13 
1119.27 
1182.13 
1257.72 
1322.72 
1405.01 
1477.01 
1549.01 
1633.01 
1721.01 
1801.01 
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Showing changes in the length of Alone 11a exoisa 
during different instars, 



03 

CM 

IfNl 

I CO 

c 

CO 

CD 

C71 I 
to 

o CD O 

(uuuj) mBuai 

I fN 

i O 

o 



gJfi^H 

Showing number of egg/brood, age and ntunber and 
duration of instar in Alonella excisa. 
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Rate of egg prod-uction of Alone 11a excisa. 
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instars 16 to 20 ( 14th to I8th euiult instars). Thus, apart 

from the last tv/o instars when no egg was produced the mean 

egg production varied between 1,60 to 2 per brood. Fluctuations 

in egg production and duration of instars have been shown 

against the age of the animals in Pig,64. As in other species, 

this chydorid species showed less duration for the preadult 

stages. The first adult instar was distinctly longer than 

the preadult instars with an average duration of 67.86 hours, 

Highest duration of time was noted in the penultimate instar 

(27th instar) with a mean duration of 88.0 hours. Thus the 

variations in instar duration was 54.40 to 38.07 hours in the 

preadult stages while in the adult instars the durations 

ranged between 51,31 to 88.00 hours. The rate of egg production 

for this chydorid species was a a 0,9814 and equation of the 

fitted line between cumulative frequency of egg production 

and the number of adult instars was Y a 0,;9814 X ••• 0^3143 

(Pig,65). 



PAEI-III 

D i a o u a a i O N 
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Results on the laboratory studies conducted on the 

life cycles of the parthenogenetio females of Daphnia 

lumholtzi, Slmooephalua exspjnosus, Moina mi crura and Alonella 

exoisa was well as on the male of Daphnia lumholtzi are 

compiled and presented in Tatles-SO, 81, 82, 83 and 84» 

In Cladocera it is well known that growth is stepwise 

and a discontinuous process, as increase in length occurs 

only immediately after moulting when the integument is still 

soft (Vijverberg 1976), This increase in size occurs very 

rapidly and takes less than a minute as was also ohsei^ed in 

all the present species during their development (Bdlen 1957t 

Green 1956), In the present studies the growth curves of all 

species showed a more or less similar pattern as was also 

observed in other species by earlier Indian workers (Murugan, 

Sivaramakrishnan 1973# Murjgan 1975, 1975a). Further, in the 

females of all the four species studied here, length ceased 

to increase further after attaining a maximum size even thou^ 

the animals continued to survive for one or few more instars, 

This phenomenon has already been recorded in other cladoceran 

species ( Ingle at al 1937» Banta e^ e^ t959» Murugan and 

Sivaramakrishnan 1973, 1976| Murugan 1975# 1975a), However, 

Riohman (1958) reported a complete cessation or even negative 

growth in the older ins tars of Cladocera, But in the males of 

Daphnia lumholtzi growth continued till the last instar, 
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though the increment during this instar (12th instax) was much 

lower as compared to others (Table-81, Pig.55). Such similar 

continuous growth was also recorded in the females of Daphnia 

carinata (Navaneethakrishnan and Michael 1971) and in 

Ceriodaphnia oomuta (Michael 1962) • Interestingly enough, the 

/•latter species, Ceriodaphnia oomuta when studied at a lower 

latitude (9°56*N) (Murugan 1975a), showed complete absence of 

length increment after the 17th instar though the animals 

continued to live for another three more instars» Thus although 

the majority of the workers are of the opinion that growth in 

Cladocera is a continuous process throughout life (Vijverherg 

1976), the present results along with the reports from other 

workers cited above go contrary and point to thenneed of 

further elucidation of this phenomenon. 

Prom the present results it is apparent that maximum 

increase in terms of absolute length varied in different 

species of Cladocera, In the female of Daphnia lumholtzi 

(Table-80), maximum increase was observed between the 

adolescent and primiparous instars (4th and 5th instars), This 

is similar to the observations of Lei and Clifford (1974) on 

Daphnia sdi(̂ dleri and ITavaneethkrishnan and Michael (1971) on 

the tropical species of Daphnia oorinata * But in Simocephalus 

exspinosus (Table-82) this does not seem to be true as in this 

species the maximum growth sas noted between the preadolescent 

and adolescent instars (3rd and 4th instars). For the two 
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other species, Moina micrura and Alonella excisa, maximum 

increment in length was recorded between the first and second 

juvenile ins tars which are also the preadolescent and 

adolescent instars in these species (Tables-83 and 84). These 

findings on the two latter species are in aggrement with the 

earlier findings on Moina mi crura (Murugan 1975^. Scapholeberis 

kingj (Murugan and Sivaramkrishnan 1976) and Slmocephalus 

acutirostratus (Murugan and Sivaramakrishnan 1975) • I» "the 

male of Daphnia lumholtzi« however, highest absolute growth in 

length was observed between the 7th and 8th instars (Table-81), 

Nevertheless, increase in length was also higher betv/een the 

first and the second instars. In most cases, increment in 

length is generally said to be higher between the adolescent 

and primiparous ins tar as also seen from the present findings 

on Iteiphnia lumholtzi and other earlier reports (loc.cit). 

AJLthough, Hutchinson (1967a) pointed out that the growth at 

any given instax is dependant upon and positively oorelated 

to the amount of food supplied. 

In ligs. 52, 55, 57, 60 and 63 the increment in growth 

at each instar for the females of Daphnia lumholtzi. 

S4.mQoephalua exspinosus, Moina. mi crura and Alonella excisa 

as well as for the males of D». lumholtzi. have been shown. It 

is seen that while the trend of the growth curves is almost 

linear during the juvenile instars, they slowly bend towards 

the X-axis indicative of relative retardation in length 



337 

increment during the juvenile instars was more apparent in 

Daphnia lumholtzi. Molna mi crura and Alonella exoisa . Such 

growth curves were obseirved in majiy other cladooeran species 

too (Anderson 1952, Richman 1958, Hrbaokova-Bsslova 1962, 

Smimov 1964, Kavaneethakrishnan and Michael 1971, Lei and 

Clifford 1974, Murugan 1975, 1975a, Murugan and Sivaramalcrish-

nan 1976), Recently, Weglenska (1971) pointed out that increase 

in the body length of Oladocera is almost three times slower 

in the adult instars than those of'the juveniles. On the other 

hand, in Simocephalua ezspinosua the retardation in length 

increment was more gradual unlike in the other allied species, 

Simocephalus acutirostratua from India (Murugan and 

Sivaramakrishnan 1973). 

In the present investigations, the number of preadult 

and adult instars varied for different species. In the females 

of Daphnia lumholtzi. the preadult instars numbered between 

four and five, although more than 80^ of the females studied 

became primiparous only at the fif-tii instar. The other daphnid, 

Simoceppalus exspjnosus passed through four juvenile instars 

before becoming primiparous. A comparison with reference to the 

number of preadult instars in different daphnids has been made 

in Table-85. It will be seen that the number of preadult' 

instars as reported by different authors varied even for the 

same species. However, it is to be noted that culture media 

used for the study of different species varied from person to 
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Table«86 t Shewing the number of preadul t i n s t a r e i n d i f fe ren t 
daplmid speoies . 

Tfovo? Temp* 
preaduLt °0 
i n s t a r a 

Culture 
medium Species 

No 4 of 
ol5ser^ 
vatiojis. 

Source 

Daphnia 
longispina 
JD.longispina 
D« magna 
X>* magna 
Bomagna 

D*magna 
D^olstusa 
D.obtusa 

B^atkinsoni 
B*aml)igua 
D*ourvirostris 
3). Ourvi ros t r i s 

D«thomos^ini 
D.pulex 
Dipulex 

4 
5 
5-8 
4-6 

4-5 

4 

5-6 
*3-4 
H^5 
»4-5 

25 

25 
1%23 
18-23 
25 

D*pulex »4-5 15-22 
B^middendorffiana 5-7 10 
B«hyalina 4-7 18-22 
B*hyalina 4 22 
Bicarinata 5 29-31 

Bisoh^dleri 
Bischjjdleri 
Simooephalus 
aou t i ro s t r a tu s 
Simooephalus 
exspinosus 
Baphnia 
lumholtzi 

4«7(0*))5,20,25 
>-4(a) 5,20,25 
4 28-30 

4 

•4-5 

17-24 

22-26 

BMS 

sm 
BNS 
0B5 
BMS 

22 aso 
22 SSO 
10,20* 20 S/C 

22 SSO 
22 SSO 
22 SSO 
10,20,28 S/C 

4-6(5).) 22 SSO 
4-5 22 SSO 

•4-5 10,20,28 S/C 

BMS 
5WC 
mo 
ssc 
iW 
BMS 
BMS 

EPW 

338 Banta (1939) 

151 
19 
81 

158 
96 
24 
82 

18 
15 
23 
93 

19 
10 

129 

80 
9 

66 
2 

30 

52 
24 
15 

25 

Ingle e t al( l937) 
Anderaon 11932) 
Anderson (1932) 
Anderson & Jenkins 
(1942) 
Green (1956) 
Green (1956) 
Hrbackova-Bsslova 
(1962) 
Green (1956' 
Green (l956 
Green (1956, 
Hrbao3aiva-Es s i ova 
(1962) 
Green (1956) 
Green (1956) 
Hrbackova-Essiova 
(1962) 
Anderson e t a i d 9 3 7 ; 
P e r r a r i CT970T 
Hrbadiova (1971) 
Green (1956) 
Navane ethalcrishnan 
& Michael (1971) 
I M & Clifford(l974) 
J^' & 01ifford(l974) 
Murugan & Siva-
ramalcrishnan( 1973) 
Present study 

50 Present study 

• Indicates a value whioii occurred in more than 80^ of the total 
number observations* 
(BMS 8 Banta*s Manure soil madium, OBM s patmeal modification of 
Banta*s medium, SSO t Standard suspension of CSilorella vulguris. 
S/0 8 Soenedesmus obliguus or Chlorella vulguris.'Ŝ -JO. t Filtered 
Lake x̂ rater added Ghlorella. ¥Bi t Filtered ̂ pond water ). 



339 

person as also the rearing temperatures. Both food and tempera­

tures are known to be important factors influencing the number 

of preadult instars as it has been clearly demonstrated by 

many earlier workers (Green 1956, Edmonds on 1960, Korinek 

1970, iMj and Clifford 1974t Vijverberg 1976). Thus while no 

generalisation can be made on the number of the preadult instars, 

the only inference that can be drawn is that for most of the 

daphnid species the preiadult ins tar numbers seem to vary 

between four to six, though not v;ithout exceptions (Table-85). 

Simooephalua exapinosus had four preadult instars and did not 

exhibit any variation under the present experimental conditions, 

Such a constancy in the number of preadult instars was also 

recorded in Simooephalua acutirostratua (Murugan and Sivarama-

krishnan 1975) and Simooephalua vetulua (Bottrell 1975). 

Number of preadult instars in Moina mi crura and Alonella. excisa 

vere always two. This record on M, mi crura is similar to the 

earlier findings on this species (Murugan 1975). Shan (I969)i 

while dealing with the life cycle of Pleuroxua dentioulatua, 

pointed out a probable general pattern of life cyclea in 

ohydorid Cladocera, !I!he present findings on the chydorid, 

Alonella excisa is in confirmity with that of the mentioned 

study, since both Alonella excisa and Pleuroxua dentioulatua 

had a total number of two preadult instars. The present report 

on the life cycle of Alonella excisa is the first detailed 

study on Indian Chydoridae and hence of significance, 
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The number of adult instars in. the females of 

Daphnia liuaholtzi was 11 while Simooephalus exspinosus had 

12 adult instars, and in Moina miorura and Alonella exoisa« 

the numbers were 12 and 26 respectively. In a!able-86 comparison 

of life cycle characteristics of different Indian oladoceran 

species has been made with those of the present findings* It 

may be noted that for all the species including the present 

ones, the culture medivim used was filtered pond water. It can 

be seen from Table-86 that considerable similarity exists 

between the number of preadult instars while the number of 

adult instars varied from species to species. These variations . 

may be attributed to food (Michael 1962# Hutchinson 1967* lei 

and Clifford 1974, Murugan 1979), temperature (MoArther and -

Baillie 1929, Green 1956, Bhajan and Hynes 1972, Vijverberg 

1976), concentration of oxygen (Green 1956) and even hereditary 

factors (Hebert 1974)^ 

It is of interest to note that the maximum length of 

Moina miorura in the present study was 1*066 mm recorded 

during the 14th instar while the same species had a maximum 

length of 1,008 mm as observed by Murugan (1975) at the 13th 

instar. However, the first juvenile instar in both cases was 

almost of the same size (0,465 and 0.463 mm) although the 

first primiparous instar (3rd instar) of the present individuals 

was much longer in size (0,688 mm) as compared to 0.602 mm 
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recorded in the earlier cited work. This difference in findings 

between the present study in having a total of 14 instars in 

contrast to 13 recorded in the earlier work can be attributed 

to nay of the environmental factors although trophic factors 

gire better known to influence the growth and maximiMii size of 

Oladocera (Axelson 1961»' Tonolli 1961, Wiktor \%\t Weglenska 

1964* 1971). Barring these differences, the present results on 

Moina miorura is in almost close aggrement with those of the 

earlier observations of Murugan (1975). 

The total life span recorded for Japhnia liumholtzi 

female was 32.50 days, for Simooephalus exspiiiosus a total 

40.61 days, in Moina mi crura. 30.36 days while the chydorid, 

Alonella excisa lived for a total of 75.04 days. These data 

on the life span of the present species are relatively longer 

when compared with those of earlier Indian works (Table-86)i 

It will be seen from the table that while works were conducted 

at a higher temperature range of 28°to 31°C, the present 

studies were done at 18*̂  to 26°C. Thus the r elatively longer 

life span of the species recorded in this studies are indica­

tions of a slower rate of growth, probably brought about.due 

to differences in temperature regimes referred to above. Such 

slow rates of growth in Oladocera due.to temperature differences 

have already been reported (Anderson et gl 1937, McArther and 

Baillie 1929. 1929a, Edmondson I960, Hall 1964, Weglenska 1971, 

Bottrell 1974, Vijverberg 1976). As pointed out earlier, one 
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another important factor known to effect the biology of 

Cladocera is food (Green 1956,-_Weglenska 1971» Vijverterg 

1976). Even the quality and quantity of food has been shown to 

influence the growth of Cladocera as seen from the works of 

Weglenska (1971) who demonstrated that the effect of the 

quantity of food is better perceived at lower conceiytrations 

while increase in concentration shortens the duration of their 

attaining maximal size. Thus in the present study, in addition 

to temperature effect, the quality and quantity of food also 

could have played a role in the control of life span duration, 

although no direct evidence is afforded. 

Among the four species studied at present, it was seen 

that the duration of instar varied considerably.(Pigs• 55» 58, 

61 and 64)i In all the four species, durations of preadult 

instars were alv/ays shorter than those of the adult instars* 

Further, the first adult instar was distinctive by being 

longer than the preadult instars in all the species» Once agsdn, 

all adult instars were of longer duration than any of the 

preadult instars, A closely similar condition was reported in 

Daphnia carinata (Navaneethakrishnan and Michael 1971) and 

Simocephalus aoutjlrostrautB (Murugan and Sivaramakrishnan 

1973) • In this content it is of interest to note that some 

temperate species of Daphnia. though reared in much lower 

ranges of temperature, the first adult instars lasted longer 

than the succeeding adult instars (Anderson et ̂  1957, 



344 

Ingle et al 1937^ Anderson and Jenkins 1942). ,tie"t in certain 

species like Ceriodaplvnia oomuta. S oapholeberis kingi and 

•the moinid, Moina mi crura, the pre adult and adult ins tars 

were reported to be of equal duration (Murugan 1975, 1975a, 

Murugan and Sivaramakriahnan 1976). While attempting to 

explsLin these different patterns of. preadult and adult ins tar 

durations, Murugan (1975) differentiated two categories of 

daphnids S) (i) one with uniform duration of preadult and adult 

instars and the other (ii) with distinctly longer adult instaxs, 

Based on this, the two daphnids under the present study 

Daphnia lumholtzi and Simocephalus eyspinosua will fall under 

the second category. It may, however, be added that the present 

findings on instar durations of the moinid, Moina mi crura 
t 

are not similar to the earlier report on the same species'by 

Murugan (l975) who observed an unifoim duration of all the 

instars,; 

The total number of eggs produced during the life span 

of the two daphnids, Daphnia lumholtzi and Simooephalus 

exspinosus were 51.09 and 255.88 eggs respectively. In Moina 

micrura total egg number was 55.04 while the chydorid, Alonella 

exolsa produced 46.96 eggs in its entire life time. In Sable-87 

fecundity of these four species have been compared with those 

of other species reported by earlier Indian workers. It is 

seen that the mean number of eggs per adult instar were 4,65, 

21,-16, 4.63 and 1.81 for Daphnia luniholtgi , Simooephalus 
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eaapinoeua, Moina miorura and Alone 11a excisa respectively, 

Thus S.exaplnosus appear to be the most productive (21.16) 

vfliile the ohydorid Alonella excisa produced the smallest 

brood size ( 1.81), It can further be seen that moat daphnida 

certainly had a larger brood size than those of ohydorida 

or the moinid. Thus while the fecundity in the non-c*iydorid 

Oladooera appears to be variable, the apparent constancy 

of the bored size in the majority of the ohydorid Oladooera 

needs further resolution. Moreover, as pointed out in the 

context of growth, fecundity in Oladooera is also much 

dependant en the quantity and quality of food (Hrbackova-

Bsslova 1962, Hall e;̂  aO, 1970, Arnold 1971, Weglenska 1971) 

as well on temperature. Pox eib al 1951, MoArther and 

Baillie 1929, Green 1966, Wavaneethakrishnan and Michael 

1971» Murugan and Sivaramakrishnan 1973). In addition, 

even the relative size of the mother and the brood chamber 

could result in differences in egg numbers as already been 

demonstrated by lei and Clifford (1974) who found that in 

Paphnia sehodleri, mothers with smaller initial size tend 

to become mature at a later instar and also produce lesser 

number of eggs. 

In Pigs, 53 and 58 the eggs produced per brood have 

been plotted against the number of ins tars of Paphnia 

lumholtzi and Sjmocephalus exspinosus.It is apparent from 

figures that both these species showed two distinct maxima ir 
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the xmmber of eggs produoed indicative of a bimodal nature, 

Ijtt S« Imnholtzl the first maxima was at the 4th adult instar 

vhich declined subsequently only to rise again on the 11th 

instar followed by a further steady decline in egg production. 

On the other hand, in S>.e3cspino3ua the tv;o maxima were at the 

6th and 10th adult instars. In both these species the last 

instars were devoid of eggs. The bimodal nature of egg 

production was also reported in other daphnids like Daphnia 

pulex (Anderson §i ̂  1957), Daphnia magna (Ingle et. ^ 

1937), Simooephalus acutiroatratus (Murugan and Sivairamakrish-

naa 1975) and Scapholeberis kingi (Musnigan and Sivaramakrishnan 

1976). These above findings are, hov/ever, in contrast to the 

observations made on JDaphnia carinata (Navaneethakrishnan and 

Michael 1971) where only a single mode was noted. 

Moina micrura and Alonella excisa exhibited a 

different pattern in egg production (Pigs.61 and 64). M. 

micrura showed a single mode with the maximum number oj eggs 

at the 7th instar which gradually decreased to reach the lowest 

value at the last instar (l4th instar), thmigh ̂ furugan (1975)^ 

found the same moinid species showing a sli^t indication of 

bimodality. On the other hand, Alonella excisa showed a very 

different egg production curve (Pig«64)« In this species, 

while the mean egg number was constant at two per brood till 

the 14th instar (12th adult instar), the remaining instars 

showed considerable fluctuations. Again, the last two instars 
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were non-egg "bearing i n t h i s spec ies . I t i s well known t h a t 
* 

chydorids from field populations are often found to have empty 

brood pouches. QJhis phenomenon v/as also noted in the present 

laboratory culture of Alonella excisa v;hich was responsible 

for the depressions in the mean egg production values. It was 

even observed that several mothers underwent moulting without 

producing eggs for one or more instars and again resumed 

normal production of two eggs per brood. !Ehese non productive 

instars were usually noted only after the mothers have completed 

their 15th moults or after 35*76 days in a total life span of 

75.04 days. It has been observed that both Daphnia lumholtzi 

2ind Alonella excisa did not produce any egg during the last 

instaLTS, The same was the case in Ceriodaphnia comuta> 

Scapholeberis kingi and Simocephalus acutirostratus as reported 

by earlier workers. This shows that probably senescence of the 

older females is somewhat related to the reduction or even 

complete absence of egg production as was also pointed out 

earlier (Slobodkĵ ni 1954). Thus the foregoing discussions point 

out the difficulties to generalise the nature of egg production 

in CTLadocera since fecundity in Caadocera is known to be 

influenced by a number of factors like food (Marshall and Orr 

1952, Comita and Anderson 1959, Bdmondson et al 1962, 

Edmondson 1962, Hall 1964), temperature (McArther and Baillie 

19j?̂ , Anderson et ̂  1937, Navaneethakrishnan and Michael 1971, 

Lei and Clifford 1974), ox;̂ gen concentration (Green 1956), 

photoperiod (Shan 1969, 1974), and culture medium (Green 1956, 
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Vijverberg 1976). 

P ig s , 54» 59» 62 and 65 show the r a t e of egg produc­

t i o n i n the d i f fe ren t species as calcula ted toy p l o t t i n g the 

cumulative frequency of eggs against the number of adul t 

i n s t a r s* In Table-88 a comparison of the r a t e s of egg produc­

t i o n i n the present species has been made with those cf t he 

other species reported from India* Of the two daphnid species 

i n the present study, Simocephalus exspinosus showed a h i ^ e r 

r a t e of egg production (a e 1.5883) while 3)aphnia lumholtzi 

had 1.0396 as the a value , which r e f l e c t s a comparatively 

lower r a t e of egg product ion. Moina mi crura , on the other hand, 

showed a s l i g h t l y h i ^ e r a value of 1.1645 while Alonella 

excisa had the lowest production r a t e of a « 0.9814 (Table-98). 

Thus i t i s apparent tha t Simocephalus exspinosus of the 

present inves t iga t ions was the second highest productive 

cladooeran in terms of fecundity, while Daphnia oar inata 

(Havaneethalcrishnan and Michael 1971) i s the most productive 

among the Indian cladocerans so f a r studied* Moina mi crura 

i n the present study was found to be compao^atively more 

productive than the report given for the same species from 

the p la ins of India (Murugan 1975). Daphnia lumholtzi on the 

other hand appears to be the l e a s t productive (a ts 1.0396) 

among a l l the daphnids so fa r reported from Ind ia , The ohydorid 

species , Alonella. excisa has , however, a much lower r a t e 
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(a a 0*9814) which in turn is reflective of the lower number 

of eggs produced by ohydorida in genereil. Thus the higher rate 

of egg production in Simocephalua exspinoaus is of significance 

in building up a higher secondary productivity which is already 

reflected in its greater abundance in the field* On the other 

hand Daphnia lumholtzi and Moina mi crura were found to be of 

limited density as also seen from field collections (̂ ide infra, 

Part-II )• 

The life cycle of the males of Daphnia lumholtzi 

showed certain degree of similarity with that of females in 

the general pattern of growth, although it had only 12 instars 

with a total life span of 25,55 daya (Table-81,Pig,55).Maximal 

growth in the male was seen between the 7th and 8th iastars 

unlike the female in which the maximum growth was recorded 

between the 4th and 5th instars. Nevertheless, increase in 

length was also considerably higher between the first and 

the 2nd instars^ A review of literature indicates that there 

are only two earlier reports of comparable nature on the 

life history of male daphnids. The first detailed study was 

on the male of Daphnia magna (McArther and Baillie 1929) 

which dealt with a comî arative study of the total life span 

of male and female individuals of this species at different 

temperature ranges, The second work is a recent one by lei 

and Clifford (1974) v;ho dealt with the detailed biology of 
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the males and females of Daphnia sohc^dleri. Results obtained 

from the growth pattern of the present males show general 

conformity with that of males of Daphnia soh^dleri (loo. oit.), 

although differences do exist in other parameters, Thus in 

the present study a total of 12 instars were teoorded for 

Daphnia luniholtzi at a temperature range of 22° - 26°C, while 

in Daphnia soh0dleri the number of total instars were 18 or 

more at 25°C, Purther, the maximum length increment observed 

between the 7th and 8th instars in the present species does 

not find a parallel with that of D, soh^dleri where the 

maximal growth was confined only to the earlier instars. In 

this context it may be suggested that only detailed studies on 
f * •* 

the males of more number of species will help sorting out 

such discrepancies. In conolution, it may be added that the 

present findings on the life 'cycle of the male of Daphnia 

lumholtzi is of significance being the fii^t detailed Indian 

study on the males of daphnida,, 
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Results on the laboratory life cycle studies of the 

parthenogenetic females of the daphnids, Daphnia lumholtzi 

and Simocephalus exspinosus , the moinid, Moina miorura 

and the ohydorid, Alonella exoisa have been presented and 

discussed» Also results on the studies of the male Daphnia 

lumholtzi have been documented. The present report on the 

males of Daphnia and on the life cycle of diydorid, Alonella 

exoisa are the first detailed accounts from India on the 

male daphnids and as well on Indian ohydoridd. Data on the 

present investigations on the cladoceran life cycles have 

been con^ared with other earlier findings. 

Growth curves of all species mentioned above v;ere 

somewhat similar and comparable to those of other Indian 

studies, Females of these species showed a continuous 

increase in size upto a certain instar after which no 

perceptible increment was noted. In the male of Daphnia 

lumholtzi on the other hand, increment in length continued 

till the last instar though at a slower rate during the 

later instars. Such continuous growth is in conformity 

with other Indian reports. Maximum relative increase in 

siae was between the preadolesoent and the adolescent instars 

except in Daphnia lumholtzi where maximum relative increment 

was between adolescent and the primiparous instars. The 

male of Daphnia lumholtzi showed maximum increment between 

the 7th and 8th instars, 

Number of preadult instars showed variations between 

the different species. In Daphnia lumholtzi number of preadult 
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instars varied between 4 to 5» while in Simocephalug 

exspinosus the preadult ins tare were always 4 in mxmber^ 

Both in the moinid and the chydorid species preadult 

instars were 2. The nuin"ber of adult instars also differed 

in different species with the chydorid Alone 11a excisa. 

showing the highest ntimber. The male of D.lumholtzi had 

the lowest number of instars. 

Among the five life (proles reported here, the total 
* 

life span was found t,o be highest in the dhydorid in 

comparison to the daphnid or the moinid species* Duration 

of first adult instar was more than that of preadult instars 

in all studied species. In Moina mi crura of the present study 

duration of preadult and adult instars varied in length 

unlike-the uniform duration recorded for the same species 

earlier. 

-Total number of eggs as well as the mean brood size 

was distinctly more in the daphnid Simocephalus exspinosus 

while the lowest value was recorded in the chydorid species, 

Alonella excisa. A distinct bimodality v;as noted in the 

daphnid species while the nature of egg production was 

different in the moinid and the chydorid species. In 

Alonella excisa some animals were observed to paiss through 

one to few moults without any eggs while resuming normal 

production of 2 eggs/brood. The rate of egg production was 

highest in -^mooephalua exspinosus which is also the second 

highest value among the oladoceran species observed so far 
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under Indian conditions, although the value recorded for 

Alonella excisa is the lowest among the Icnovrrtlndian records, 

Pindinga on the life cycle of the male of Daphnia 

lumholtzi was in general similar to the fenale of the same 

species though not entirely so, Finally, in the light of 

•the'present findings, a detailed discussion is presented 

on the variability of different life cycle parameters of 

the species studied^^ This discussion also deals with 

comparison of the present findings with those of earlier 

reports from India and elsewhere,^ 
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Ihe present study originally aimed to gain insight 

into the basic biology of different cladoceran species has 

yielded certain interesting results. The record of 23 

species of Oladocera from 29 artificial impoundments 

located at an altitude of 1600 m thus adds 9 more species 

to the earlier report of 14 species from Shillong area, 

6 Atteiapts to correlate the occurrence of a given 

species to the physical and chemical properties of the 

environment did not show any conclusive relationships, 

probably because of the close proaimity of the surveyed 

impoundments with more or less similar physicochemical 

properties, Hov/ever, species diversity appears to be 

positively correlated with increasing size of the habitats, 

In the present study the incidence of more number of 

ohydorid taxa evidently reflects their successful 

adjustments to a variety of habitats. The members of 

Daphnidae which were the second dominant group in the 

SMllong area, were mostly represented by littoral species 

obviously adapted to the shallow nature of these systems 

which practically have no limnetic zone. Among the daphnid 

species, the ubiquitous occurrence of Scapholeberis kin^. 

in most of the systems could be attributed to less 

competition encountered by them due to the unique niche 

they occupy in the surface film. The only bosminid species, 
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^osmjLna loaglrQStgi^g ^pearod in mostly during winter 

months evidaoitly shotfing its preference for lower 

temperatiare, althou^ its appearenoe and population 

density eoinoided to some ecstent with the artificial 

fertilisation of the ponds, reflective of its preference 

for enriohed waterbodies* 

Certain of the species during the present 

investigations appeared throu^out the annual oyole# 

thou^ few others were restricted in distribution whicSi 

obviously reflect their intrinsic adaptive abilities. It 

was also seen that same species a^U.bited differenoea- lin 

numerical density in different seedling stations, which ia 

thou^t to'be controlled by regulative factors such as 

nature of the substratum, kind of vegetation present and 

level <^ food supply^ and possibly l^e mudi stressed 

predation factor.^ 

Population analysis of selected cladoceran species 

has proved conclusively that the proportioas of juveniles, 

egg bearing and non egg bearing females seemed to be 

better indices of the actual density of field populations 

rather than the sisse^-dass distribution which is particularly 

true of Chydoridae^. In daphnids, larger brood siae was 

apparently indicative of favourable environmental conditions 

î liile the occurrence of sexual females without the presence 
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o^ males corroborated ea r l i e r fincUjiss* 
r 

A ooo^arison of the oladoceran speoies studied 

under field and laboratory conditions showed better growth 

and larger brood size in the latter case* It is quite 

possible that such favourable growth and reproduction of 

the laboratory populations ore mainly the result of lack 

of ai3y competition due to rearing of animale individually* 

Observations on the life cycle pattern of the 

male daphnid, l)aphnia, lumholtai show much resemblance to 

that of the female in general details* The present findings 

on the life cycle of the chydorid* Alonella exoiea was 

found to be closely similar to the findings on Bleuroaws 

dejî ticulatue which lend support to the view that (diydoride 

in general have similar life cycle pattern* 

Zn the context of attempts to mass culture of 

Oladocera with a view to use them as fish food organismSt 

Simocephalu^ exspii^osus seems to be the most ideal species 

tov this purpose as it showed the highest rate of egg 

production as well as remarkable adaptability to culture 

conditional 

2n condusion it may be added that the present 

studies on the variofus biological aspects of these 

cladccerans hoevQ raised a vast nusiber of quarried which 
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noed to be anst^red^ a<hese studios* Inapite of being one 

of the few detailed works under Indian conditions* appear 

to have hardly resolved the intricate relationships of 

these organisms with reference to their environmental 

requirements^ However, the present wwlc has yielded certain 

fundamental infcxrmation on the species otnnposition* 

seasonal distrihution* population structure and density 

of different species under the present altitudinal 

ccsiditicms^ Zt is hoped that the above data vrill form the 

hasis for more intensive studies in the years to oosne* 
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Hrbackova ifeslova, M. 1962. Postembryonic development of 
cladocerans 7)aphnia pulex group. Vest. Csk. Spol. Zool. 
26 J 212-233. 

Hrbackova Esalova, M, 1966, The differences in the grovJth and 
reproduction at 8°0 and 20°C of Daphnia pulicaria Forbes 
(Crustacea, Cladocera) populations inhabiting midland 
ponds and high Tatra lakes. Vestnik.Cesk.Spolechu. 
Oste, Zool. .2^(1) J 30«*38, 



375 

*^Hu^er-Pe8talozai, G, 1942« "Daa phytoplankton des Susswassers* 
In'GIhienemann* A.(Ed.) Die Binnengev/asser. Band 16* 
fell 2. Halfte 2. B. Sohweizerljart-sche Verlagsl)uchand-
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