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As a group the Cladocera constitute one of the
importent biological components of the aquatic ecosystems,
forming at times a major fraction of freshwater plankton.

The oladocerans are important fish-food organisms that appear
naturally in freshwater habitats,

Indian studies on Cladocera was initiated by Baird
(1860) since vhen sporadic works dealing with faﬁniatie |
records of different species appear in the literature, Studies
on the biology of Cladocera 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°5° E, Lang. 9199'N), a small town
of the North Eastern Hill Region of India is situated on a
plateau at arn altitude of 1600 m above the sea level. Further,
its locatian being within about 50 Km from Maushgqram - the
highest rainfall area of the world - has a luxurient
vegetation with humid climate which lends interesting scope
for ecobiological studies. The present worﬁ 15 therefore,
an attempt to investigate in as much detail as yossibie the
biology of the available spscies in the Shillong area. Also
emphasis have been given t0 relate the field information to
laboratory findings in order to obtain a more comprehensive
understanding of the basice 1life history pattezna%
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The present study comes under three major parts viz.,
(1) seasonal survey of the Cladocera and their envircnment,
(11) ecology and bioclogy of the natural populations of
Cladocera and (iii) laboratory life cyecle studies of a few
chosen cladoceran species. In addition to these, the present
trends in eladoceran research have been outlined in the
preface followéd by a detailed review of available earlisr

1literature.

In Part-~I, results of a survey conducted through an
entire anmual cycle at two-month intervals have been furnished.
The suxrveyed impoundments were of both temporary as well as
permanent nature. Hydrographical features, associated vegeta-
tion and physiocochemical properties of each 1mpcundmen§ have
been studied with a view to relate these to the occurrence
and diversity of the oladoceran species. A total of 23 species
belonging to six 6ladoceran families was recorded which adds
9 more specios to the earlier record of 14 species (Patil 1976).
Chydoridae was the dominant group while Daphnidae formed the
second highest group in terms of spec?es nunber,

Dominance of littoral species has bean noted and
discussed. The faunal record has been compared with those
from other parts of India., Species diversity appeared to be
related to morphometry of the impoundment while physicochemical
properties did not show any significant relationship.
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Possibilities of acoidental seeding of cladoceran species

has been discussed.

In Part-II, the field populations of cladoceran
species have been studied at veekly intervals in three
seleoted habitats for a t6t31 duration of 18 months., Of these,
one Was a permanent recreational pond with good number of fish,
another a comparatively big pond with aquatie birds kept under
captivity;:While the third, a small cemented nursery pond.
Rydrographical features, vegetational association,physico-
ehémical properties as vwell as biological properties vhich
included different groups of phytoplankton, zooplankton and
associated organisms have been studied for the entire period
of 18 months and the results discussed. A moderate level of
organioc pollution was observed in the recareational lake and

in one pond and the causes were speculated.

The occurrence and seasonal distribution of the
various oladoceran species encountered have been investigated
and discussed in detail for each individual species. Maximum
specles diversity was recorded in the largest system.
Humerical density of diffeienm species differed in the six
sampling stations, though a certain degree of similarity existed

among them, Causes for this variation have been discussed.

Bize group analysis of selected species of Cladocera
have been mades Distribution of different size olasses during
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the ammual eoycle did not exhibit any deginite-tremds~However,
appearence of more speocimens with erpty brood pouch generally .
coincided with period of low populatlon density. Bumber of
eggs/brood was more in daphnid species, while the bosminid
contained much lover egg number which has been discussed.
Ocecasional appearence of one egg in the chydorid speoles was
nbted and discussed., Gamogenetioc f'emales vith ephippium were

also recoxrded, though males were not encountered.

Part~I11 deals with the laboratory life cyocle studies

of two daphnid species, Daphnia lumholtzi and Simocephalus
axspinosus, a moinid, Moina micrura and the chydorid, Alonella
exeisa . Also life cycle studies were conducted on the male of

Daphnie lumholtzi. This study included .the instar analysis,
total life span, pattern of growth, egg/brood in different
instars and the rate of egg production. Longest life span wag
recorded in the chydorid species which also produced the
maximunm number of broods., Simocephalus exspinosus produced the

largest broocd and also showed the second highest value for the
rate of egg production so far rescorded among Indian species

of Cladocera. These f£indings have been ocompared with relevant
réports from India and elsewhere. The studies on the life
cycle of the chydorid Cladocera 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
petween field populations and laboratory data and a detailed

discussion has been presemnteds
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PREFACE




Study of limnology deals with various aspects of the
structure and function of freshwater.environmenxsw”ThQ human
race, at the moment, is confronted with the greatest criSis:of
finding adequate'watcr.rescurces"for its multifarious use, ."
While this may be a recent exigency of mankind, limnologiéis" -
are concerned with the basic understanding of how plants.cnd ,
‘animals carry out their various life functions in relation to
- their environments. Such kncwledge mey be of ultimate value )
not only to understand the structural and functional dynamiocs 4
underlying aquatic eoosystems, but also be of applied value in

aquaculture prOgrammes.

\ Most of the investigations today take into account the
éboveVView poiuts:depcnding upon the particular need of a
region. state, cr even a country, As'such a vast amount of
-lmmnological literature has accumulated over the years in
difi‘erent parts of the world (Smith 1924, Welah 1948y, 1952.
Pennak 1953. Edmondsqn 1959. Hwnes 1960, Macan 1963, Mackereth
1963, Ruttner 1965.,Hutchinson,1957,;-967);,Eyen in the Indien
contéit several suoh genéral studies haVe‘becﬂ conducted in
recent dacades on the ponds lakes and streams, though most
of them deal with freshwater biotOpes of the plains of India
(Prasad 1916, Arora 1931, Pruthi 1933, Sewell 1935. Ganapati
1941. 1943, 1955. 1960, Das and Srivastava 1956, 1959. Singh
1960, Michael 1962, 1968, 1969. 1980, Sreenivasan 1963,.. 1964,.
1969, 1976, George 1966, Moitra and Bhowmick 1968, Munavar

1970, Hussainy iagxfgg7¢f3 Navaneethakrishnen and Michael 1971,
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Jana and Sarkar 1971, Jane 1973, 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 al 1969, 1970,
Sreeniv;san 1968, Mathew 1977 ). Among these earlier works,
such 1n§estigations on the cold water systems of Eastemn
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). While this theory was primarily
concerned with the fish distribution, studies on other aquatic

fauna may equally be of interest from a zoogeographic viewpoint.

With the mighty 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, although 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
cladocerans which are well known to bé one of the dominant
groups of zooplanktonic organisms., The choice of such systems
was deliberate in view of our commitment to relate the researches

{0 the development of Inland Fish Culture of the North-Eastbrn
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‘hill regions,’

,éladqcerans‘are a éreup ofierestaeea oecﬁrring mostly

in freehwaxer systeﬁs. Their marrne relatives are comparatively
few and the magorlty of them are planktonic occurring both in

the 1ittoral and limnetic zenes. They are mostly filter feeders,
though there are some of predatory habit. These microcrustaceans
constitute an lmportant fraotion of any aquatic biota and |
studies on them have been glven much importance in recent years,
Cladocerans also exhibit successful adaptation to different

types of aquatic systems and as well present the most dominant
species composition (Hutoninson 1967).

. Importance of Cladocera ea'fieh food has long been
established by different invest;gatore (Alikunhi 1952;5Weleﬁ
1952, Pennak 1953, Vaas and VaheOven 1959, Michael 1962, Green
1967, Cordone et al 1971). In recehxvyears, other animals using
Cladocera as one their foed of ehoice have also been reported
(Evi 1966, Pickavance 1971. Pellantova 1974, Kennedy and ’
Pitzmaurice 1974). These realisations provoked investigatlons
on the culture of these animals since the early days of
limnologlcal research (Banta 1921, Banta and Wood 1938) and
these efforte contimue even 1111 teday (d'Agoetlno and ' /
Provasoli 1970, Martin and Novotny 1975).

It is 1ong-since_the‘cladoeeran genns.Degggga-attraete&
scientisis as an ;deai labdiatory material for the understanding
of differeni biological problems (Banta 19{4, 1921, Anderson

97’ L-—-—:n_., ey &

1932, Korinek 1970, Naveneethakrishnan and Michael e euciifs
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Peters and Rigler 1973, Hebert 1974, Ligf?and Clifford 1974,
Meijering 1975, Kring and O'Brien 1976). In the modern
researches on the problem of pollution Daphnia lends itself

as an excellent laboratory and field animal for various
bioassay work (:Zago 1976, Leeuwangh 1978, Adema 1978, Dortland
1978) . This is flurther stressed by the recent symposium held on
17th FPebruary, 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,

Investiggtions on bioenergeticg and trophic aspects of
energy transfer through cladocerans as primary consumers have
also gained importance in recent decades (Kersting and Leeuvw
1976, 1976a, Kersting 1978), Prey-predator relationship and
associated morphological changes in Cladocera has been one
another aspect gaining momentum iﬁ recent years (Hrbacek 1959,
Brooks and Dodson 1965, Greem 1967, Lynch 1980), Further,
nutrient enrichment through cladocerans in aquatic ecosystenm
is a new area of recent interest (Porter 1976, 1977, I[Jacobson
and Comita 1976, Laire)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
(Alilunhi 1952, Welch 1952, Michael 1962, Cordone 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 Cladocera is considered
imperative and has, therefore, attracted the critical attention
of several investigators even in India (Michael 1962,
Navaneethakrishnan and Michael 1971, Murugan and Sivarama-
krishnan 1973, 1976, Murugan 1975, 1975a, Murugan and
Ramaseshan 1978),

Thus in the present investigation attempts have been
mades ‘

a) to construct a seasonal distribution map of Cladoocera
of ponds and lakes from this part of India to relate their
occurrence t0 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 under seminatural conditions in the laboratory.

Since 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
microcrustaceans, but also be of use in the pisciculture

practices of these hill areas,



REVIEW OF LITERATURE




A review of the earlier literature 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 biolég& and ecology of Cladocera '
are of rélati&ély:redenx'oriéin.'Further. in the larger
”’perspectiﬁe of world 1iterature,'1ndianlwofks on Cladocera
are of very recent times and limited as outlined in detail
‘at the end of the present,feviéw. However, in the' presemt
inwestiéations. emphasis has been given on the different
' aspects of cladoceran biology in order to f£ill this lacunas

Culture of cladoceran species.have been attempted by
several workers efen'from-the early decades of the present
century, Banta (1921) improvised a culture medium of Cladocera
. -Which 4s still in use, Suginome and Baba (1963} 32533)’
suggested a standard culture medium and pointed ou; that
influence of fdod, temperature and population density should
be taken into account for maximum yield in mass oulture.
Quoilin (1965) cultured Cladocera with dry md from temporary
pond cohtaining large number of Daphnia and foﬁnd ihat the
medqum.was,févourable for luxurient growth of Cladocera.
"Ad?Aggsminp and Provasoli (1970) suggested a vitaminerich
"minerg; megiﬁm for the culture of Cladocera. Provasoli et al
(1970 Turther emphasized the importance of vitamin and fats
for the restoration of fertility in Daphnia . Arnold (1971)
‘advocated the suitability of green algae over blue green



for cladoceran culture due to the toxic effect of the latter,
Metteilung (1975) cultured ocladocerans with modified technique
and studied the effect of food and temperature, A culture
method for Chydorus, Bosmina and Cyclops was suggested by
Martin and Novotny (1975). In addition to these few studies
laboratory oultures of Cladodera could be maintained by

using algae; bacterial culturesmas well as filtered pond
vater, However, the method of mass-culture is yet to be

standardised.

The problem of food and feeding and its impact on
cladoceran life cycles have been studied by several workers,
Importance of food in the formation of ephippium in Oladoeera
was pointed out by Wood and Banta (1933). Parker {1961) .. .
reported the a£ility of Daphnia to utilise inorganic
Pheénho;ﬁs from eell~free medium while Marshall (1962)
demonstratedﬁthe effe;t of gamma radiation onvkhe feeding
and growth of Daphnia . MoMohan (1963) and McMohon and
Rigler (1565) shawed that feeding rate in Daphnia megna is
proportional to the concentration of food upto a oritic;l
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. Levinaaégﬁ§§2$1966)
reported that cladocerans consume more food than necessary
for their metabolism which also increases pr;portionately
with food concentration. Smyly (1967) pointed out the
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suitability of Scenedesmus to Chlamydomonas as food for

Simocephalus due to the sticky nature of the latter algae.
Burns (1968, 1968a) established relationships between size

of food particles arid carapace length in Cladocera’to.predict
preference of particle size by different speciss. He further
reported that filtering rate increased with the increase in
temperature,” Burns et al (1967) predicted filtering rate for
Daphnia 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
cladoceran life cycle, Kibby (1971) observed that Daphnia
rogea showed different filtering rates when reared in varied
temperatures while Crowley (1973) observed that filtering
rate of Daphnia was inhibited by sesfon. Chirkova and
Romanenko (1973) studied the consumption of organic matter
of mud by Ilyooryptus sordidus. Semenova (1974) while working

out the food composition of Bosmina coregoni also reported

that 18%20°C 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 Cladocera,
Chisholm and Stross (1975) measured filtering rate as a
function of temperature, food density, animal length and the
time of the day. The predaceous cladoceran species, Laptodora
kindtii has been reported to eliminatq‘50% of the total filter
feeding orustaceans (Karabin 1975). Smyly and Collins (1975)

-recorded that bacteria associated with algae formed the major

food item of Qeriodaphnia guadrangula,Vijverberg (1976)

§



observed that lower concentration of food affected the life
oycle of Daphnie hyalina . Kring and O'Brien (1976, 1976a)

reported that pH, temperature and oxygen concentration
below 3 mg/l could change filtering rate in Daphnia.
Lampert (1978) reported that fecundity in Daphnia is
dependant on particular level of food concentration.Recently
Redfield (1980) observed that Daphnia is able to respond

to improvel food supply with increased number of eggs/brood.
De Bernardi et al (1980) reﬁorted better growth of Daphnia

spp. When fed on Mocrocystis in comparison to Scenedesmus.

Although a vast amount of literature has accumulated
on the population parameters of various cladoceran species
conducted mostly in comnection with the zooplankton fauna,

a few studies on the population of different cladogeran
species have been referred here, Johnson (1956) while studying
the limology of lake Taba from Sumatira, detailed out the
cladoceran populations.Parker (1960, 1961) observed that the
daphnid species S;mocephalua exgpinosus seemed to obstruct
feeding of Cyclops, probably due to feeding competition,

Hall (1964) investigated the dynamics of a natural population
of Daphnia galeata mendote and analysed frequency of moulting,

duration of egg development, growth rate and life span.
Elbourn (1966) reported two peaks in spring and autumn in
field population of Daphnia obiusa and found 4 preadult

instars requiring 5 days to complete preadult periods at



22%., Kowalozyky (1969) reported that crustaceans in peat bogs
are influenced by ﬁhe age of peat bog, water t;ble. type of
banks, pH and possible cannection with river. Babitsky (1970)
investigated the detailed biology and productivity of
Burycercus lamellatuss Keen (197%) used a probabilistic

approach for the study of the dynamics of natural populations
of Chydoridae, Brandfy and Fermando (1971) attributed
reproductive activities 1o be the cause of mieroaggregations
while studying the populations of Ceriodaphnia affinis .
Carter (1971) analysed the pupulations of crustacean plankton,
Asch and Kingsbury (1972) observed.three distinct peaks in
the copepod and cladoceran species of Red Rock reservoir,
Jowa, Cunningham (1972) reported vertical migration of
Daphnia populations in ice covered ponds and lakes,
Population dynﬁ?ics and productivity of Daphniz hyalina

was investigated by George and Edward (1974)+ Taylor (1974)
while studying the; crustacean plankton of lake Moncove,
West Virginia,’rec;rdedltannal similarity between the
different stations%of the lake., Kwick and Carter (1975) and
Duncan (1975)‘studied production and population dynamics -
of different cladoceran species., Stross and Chisholm (1975)
put forward the view that density siébilisation in Cladocera
to be the property of the individual o¥ the populatiocn,while
Pejler (1975) reported remarkatle stability of the zooplankton
in contradiction to the hypothesis that zooplankton are an
extr&ordinarily:l@ﬁile biocenose, Davis (1975) studied
seasonal changes ih bladoceran population in Newfoundland,
de Bernardi 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 patterm, they had remarkable
similarity from year to year, Corni and Strainer (1976)
observed that deorecase in the population densities of
chydorid Cladocera was due to the death of aquatic weeds,
Watson (1976) investigated seasonal distribution and
abundance in crustacean zooplankton in lake Erie.

Allan (1977) held the view that sessonal succession in
Qladooera can be predicted as different species has
different rates of responses to0 temperature, Lynch (1978)
pointed out the coexploitive interactions between “
cladoceran species, Ghilarov (1980) investigated the
population dynamics of epilimnetic cladoceran spéciea.

A few studies on the life cyole of different
cladoceran species have been referred here. Brown (1926)
studied the influence of temperature on duration of instars
and pointed out oecocurrence and developmental rate in
nature and also later suggested a mathematical model
(Brown 1927).Anderson (1932) while studying the 1life oyole
of Daphnia megna reported more than 5 preadult instars in
}his species, He also pointed the relative growth and
variations in this species. Buikema (1968) showed that
longer wavelengths increase survival of the young of
Daphnia pulex. Shan (1969) studied the life cycle of the
chydorid species, Pleuroxus dentioculatus and held the view



that probably all chydorids have similar life cycle
pattern. Korinek (1970) studied the embryonic and
postembryonic development in Daphnia in relation to food
and temperature. Lei and Clifford (1974) studied the

detail biology of both male and female of Daphnia schgdlexi.
Bottrell (1975) investigated the life cycle parameters of
eight cladoceran species. Steele and Steele (1975) observed
that postembryonic development of Cladocera to be inversely
proportional to egg size., Munro 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 enough emphasis since long time when Banta (1914)
reported sex to be regulated by environment which is
reemphasised in recent years by Hebert and Ward (1972).
Batna and Wood (1928) furnished genetic evidence of Daphnia
male being deploid. Batna and Brown (1929, 1929%a, 1929D,
19294, 1930), Brown and Banta (1932), Banta (1937) and
Bante 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
motheyr, excretory me?abolitee. critical period, rate of
mothers' development, drugs, temperature, population
density and maternal influence. Hoshi (1951a) studied the
hatchability of the ephippium of Simogephalus vetulus
using artificial culture medium. Stross (1965, 1966, 1969)
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induced sexual reproduction in Daphnia pulex and was

able tp germinate sexual eggs through the regulation of
temperature and photoperiod. Davison (1969) activated
ephippium of Daphnia by regulating wavelengths and
pointed out the need of dark reaction before light
treatment, Suginome (1969) worked out the standing orop
of resting eggs and identified ephippium of different
species, Shan (1970) could enhence the time for hatching
! ofiresting eggs by proper control of the photoperiod,
Mekrushin (1970, 1972) reported the presence of
protoephippial glands in the brood pouch of Cladocera.
Shan (1974) advocated the significance of photoperiod
and light intensity in the regulation of male production

in Cladocsera.

Cyclomorphosis in cladoceran species has begn
studied by many workers. A few of them are referred here,
Brooks (1946, 1947) while experimenting with Daphnia
found that temperature and turbulence ceﬂtrolled relative
head size and oyoclomorphosis. Hrbacek (1959) demonstrated
the role of circulation of water in the helmet formation
in cyclomorphic Daphnia . Mannilova (1963) viewed that
cyclomorphosis in Cladocera 10 be an adaptive phenomenon

related to the continual existance whiech is influenced

by change in physical properties of water., Brooks and

Dodson (1965) attributed helmet formation in Daphnia



t0 be due to the predation pressure exerted by vértebrate
predetor like fishes. Hazelwood (1966) observed that
turbulence and illumination effect helmet length/cafapace
length ratio. Eglof (1968) studied seasonal variability
in oyclomorphic characters and correlated different
structure -and temperature in natural populations of
Daphnia . Jacobs (1970) used a multiple regression
method to establish cyclomorphosis. Kerfoot (1975)
observed cyclomorphosis in Bosmina longirostris and

attributed it to predation pressure though in the
laboratory experiments temperature and turbulence seemed
t0 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 aﬁ con%rolling factor of
cyclomorphesis does not hold good and this phenomenon is

related with swimming fitness and betiter gas 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 chydorid
population was due to ﬁéedatiop though immigration and
natural mortality are also important factors. Hirston and
Pastorok (1974) studied predation effect on Daphnia by |
cascade model; Bosselman (1974) vwhile investigating the
plankton commhnities of the lake Erson, noted that predation
and pfoduqtivity do not change species composition. Bernardi
and Canali (1975) observed that predétion and migration
play important role in regulating population dynamics 6£
pelagic Cladocera, Stavn (1975) proposed predation pressure
1o be,the major factor in controlling species compositibn
and vertical migration 1nfDthnia 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 fishing quality of rainbow trout as the later
preyed upon: Daphnia « dJacobs (1978) observed that predation
effect was mure on 1arger animals. Recently Lynch (1980)
reviewed the evolution pattern of life histories in ¢1adocerg
in the light of both verig¢prate and 1nyertébrgte,predat£on.

'Inérecent years a mmber of physiological and
toxicologicas studies have been conducted on différenx
cladoceran species. Hoshi (1949, 1949a, 1950a, 1950b,1950e,
1951, 1953, 1954, 1957) conducted a series of experiments
on the physiology'oé Simocephalus vetulus and studied the

influence of oxygen, pH, fatty substances, éiycogen both
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in relation to embryonic and adult stages. Parker (1959)
reported that Simocephalus cannot survive when kept in
continuous illumination. Johnson (1952) studied the thermal
volerence and its impact on the reproductive behavior of
Cladocera. Marshall (1962) studied the effeot of gamma radia~-
tion on Daggg;:;aﬁsagﬁgi%?tdz;ﬁa;:: Ui{:;;f erate of cladoceran
species has been shown to increase with temperature, size

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

recorded a green pigment in Simocephalus 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 Rigler (1973) developed a model for
phosphorus exeretion by Daphnia. C14 02 outputiin Cladocera
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), 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 arotic cladoceran populations
have relatively slover rates of metabolism. Lampert (1977,

1977a, 1977b, 1977¢) made a series of sfgﬁies on the carbon metabolesm:

in Daphnia pulex. Leeuwangh (1978) pointed out the importance
of daphnid species as ideal material for toxicological

studies.
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Few other aspects of cladoceran biology in
addition tp those mentioned above have been referred here,

Smyly (1956) reported frequent occurrence of more than two

eggs in the ephippium of Acantholeberis curvirostris .

Proszynska (1963) reviewed the problem of differentiating
Cladocera and Copepoda fauna of small water bodies and ponds
in:the light of present faunistie literature. Hrbacek (1966)
attributed more than hundred forms of Daphnia to phenotypic
and:genotypio variability. Evi (1966) reported cladocerans
%0 be the food of roach larvae of 5 £o 10 em in length.
Piekavance (1971) and ?ordone et al (1971) reported that
cladoocerans form food Bf Plannarians. Shan (1971) held the
vie& that natural gamogenstic hybrids are reproductively
steiile} Smyly (1974) found no difference in the day and
nigﬁt collections of Ceriodaphnia . Green (1974) gave a

systematic account of the parasites and epibionts of

. Cladocera. Bogdan and McNaught (1975) observed that larger

zooplankton enjoy advantage for resource competition.

Among the notable works on the taxonomy and

. distribution of Cladocera, only a few earlier and recent
. significant works have been cutlined in this review. Birge's

(1891, 1893, 1897, 1918) contributions on American
cladoceran fauna is one of the important earlier studies.

Prof. G.0.Sars of the Christina University;Worwsy document s
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the faunistic records of Cladocera, Copepoda and Ostracoda

from New Siberian Island in 1898, He also siudied and

discussed the Cladocera fauna of South America (190{) and
Central Asia (1903). Gurney (1927) reported cladoceran species
from the dried mud after culturing in the laboratory. Ueno
(1932, 1933) documented 22 and 18 cladoceran species from

China and Japan, Jenkins (1934) reported 18 species from the
Rift valley lakes of Kenya. A key for the British species of
Cladocera was presented by Johnson (1952b) while dealing the
British fauna. Harding (1957) described two Alona species

while in 1961 he reported 38 species of freshwater Cladocera
from South Africa. Brooks (19%33 monograph on the North American
Daphnia spécies is of great significance. Prey (1959, 1967) . -
stressed upon the taxonomic and phylogenetic significance of
head pores in Chydoridae and tracgd the phylogenetic
relationships of the family as a whole and distinguished

Alona costata, A.rustica and A.bicolor based on head pores and

general morphology. A review of the two cladoceran genera,
Latonopsis and Pseudosida has been given by Thomas (1961a)
who also reported 25 species from Uganda (1961b). Green (1962)
investigated cladoeeran fauna of river Sokoto, Uganda, and
reported 50 species and deseribed the new species Alona
holdeni. Goulden and Frey (1963) pointed out the significance
of lateral head pores in Bosmina , Korde (1965) recorded

18 species and 3 taxonomic forms of cladoceran from the

microbenthos samples of Volga river, Smirnov (1966a, 1966b,
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1966¢c) composed identification keys for Pleuroxus,

reviewed the genus Alonopsis and pointed out that there

are three distinect sections in family Chydoridae. Faunal
contribution on the cladocerans of Nepal and the surrounding
Himalayan foot hills was that of Ueno (1966). Olga (1966)
held the view that subfossil studies are important in
understanding the distribution, life history and ecology of
various cladoceran species, Dickinson (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 Africa.
Flossner (1967) reported Macrothrix ﬁirsuticornis, Alona
rustica and A, intermedia from Bﬁlgaria while Barker (1967)
recorded Qeriodaphnia reticulata var. serrata for the first

time from Africa. A handbook for the identification of
British species of Cladocera was prepared by Scourfield and
Harding (1967). Smirnov (1968 1969) discussed and contributed
data on the functional morphology in some species of the
chydorid Cladocera. DeCosta (1968a, 1968b ) reported species
diversity of chydorid cladoceran commnity from 45 laekes in
Mississippi valley in the United States of America.Fryer (1968)
discussed the evolution and adaptive radiation in Chydoridae,
based on functional morphology while later .on, he traced out
the evolution of Macrothricidae and held the view that this
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group is the oldest of all anomopods (Fryer 1974): The same
author reported (1971) anal drinking in Cladoceras: Frey (1971,
1975) reviewed the ecology and distribution of Eurycerous

and Saycia and discussed subgeneric diffentiation in
Buryeercus and also reportedﬁ%%?new species of Burycerous
from Sweden: Smirnov's detailed studies on the world fauna of
Chydoridae (1971) as well as Macrothricidae and Moinidae (1976)
are valuable co;tributions to the taxonomy and distribution of
Gladoeerafas a whole, Goulden (19%3) reviewed the taxonomy of
Moina and "Moinodaphnia , and raised them to the status of the

nevw family, Moinidae, "Korinek (1971) made a comparative study
of head pores in the genus Bosmina . Hebert (1974) while
dealing with Daphnia showed that Daphnia magna consisted of a

limited number of ecologically differentiated clones. Anderson
(1974) while dealing with Canadian ocladoceran fauna, brought
out the interespecific relationship; Fermando (1974, 1980)
reported 45 species of Clacédera with 14 new recoxrds from
Srilanka and pointed eut the relaiively lower abundance of
larger cladoceran species. Meijering ( 1975) disocussed the
systematies and ecology of Daphnia.pulex and reported (1975a)
a species resembling both D.middendorffiana end D.pulex. He
attributed this intermediate nature to envirommental st&ess;
Roeben (1975) reported 13 species of Cladocera with 5 new
records from Canary Island, Afriea, while Margaritoria and
(Foseara: (1975) made observations on the taxonomy and

A

distribution of Daphnia spp, from Sardina, Hebexrt (1977)
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revieved the taxonomy of Australian Daphnia species. Kurbersky
(1978) discussed the worldwide distribution of Alonopsis and

described a new species,

Studies on the Indian cladocerans 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 cladoceran fauna was that of Baird
(1858, 1860) who dealt with the 01adocera fauna of Nagpur in
Central India. Gurney (1907). mnushed a systematic account of
the oladeceran fauna of Bengal and part of Bihar and desoribed
two new species of Macrothrix. Arora (193@) contributed to the
Cladocera fauna of Lshore, n@w i? Pakistan territory. Sewell
(1935) contributed to the faunal recofd of Indian Cladocera in
course of his studies on the plankton fauna of Indian Museunm
Tank and also traced their seasonal changes. Brehm's report
(1936) on Yale North India Expedition is one of the important
contributions to Indian cladoceran fauna. He contributed
further (1950) to the freshwater cladocerans of India.Biswas
(1964) recorded lLatona tiwari sp. nov. from Rajasthan and déalt
with their distribution. Biswas (1966) described Chydorus
bxrehmi sp. nov., from Jaipur, India. Biswas (1971) identified
45 species of Cladocera from Rajasthan and dealt with their
distribution. Nayer (1971) recorded 17 species of Cladocera
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from different part o.f.‘1 Rajasthan, India and added 9 new records.
Patil (1976) contributed to the Cladocera fauna of North-Eastern
" India and added 7 new records for this region. Nasar (1977)
recorded 11 species of Cladocera from Bhagalpur, Bihar of vwhich

9 were new recoxrds,

Michael (1962) attempted for the first time in India to
analyze the seasonal events in a natural populaxion.of
Qeriodaphnia cornuta and worked out their life cycle under
laboratory conditions, Navaneethakrishnan 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 differemces in
temperature régimes. Murugan and Sivaramakrishnan (1973) studied
the biology of Simocephalus acutirostratus and found
resemblance with the temperate species of daphnid,Daphnia
pulex 4in the life cycle pattern. Embryonic developmént
‘resembled that of Daphnia magna . Murugan (1975) investigated

' the detailed life coyole and embryonio development of Moina
miorura under laboratory conditions. Murugen (1975a) observed
'sinmilarity between embryonic and postembryonic developments of
Ceriodaphnia ¢ornuta and those of other daphnids. Murugan and
Sivaramakrishnan (1976) investigated the life cycle of
Scepholeberis kingi end 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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ca.r“:Lnata, Murugan and Ramaseshan (1978) observed that production .
of sexual eggs in Scapholeberis kingi is due to depletion of
food sypply and sexual egg producing mothers may or may not
undergo any parthenogenetic generation during the rest of life
span. They also recorded pseudosexual eggs to be more in the
field than in laboratory,.



PARTI

BEASONAL SURVEY OF CLADOCERA AND
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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 modern
t00ls in biological research concepts of modern 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 was based on the collections made by Rev,Hislop in
and around Nagpur in Central India (Baird 1859, 1860),
After about five decades Gurney dealt with the entomostracous
crustaceans from Bengal and Bihar in Eastern India (Gurney
1906, 1907): This was followed by Arora (1931) who gave an
account of the Entomostraca from Lahore, now within the

territory of Pakistan,

Paunal studies on Cladocera from different regions
of India is still incomplete; Sewell ( 1935) listed the
cladoceran species occurring in the Indian Museum Tank,
Calcutta. Brehm (1936) studied the material of Yale
University North India expedition from Ladakh, Kashmiy
valley, Punjab and also from Nilgiri Hills from South India.
Subsequently he contributed further to the Indian cladoceran
fauna (Brehm 1950, 1952, 1953). Biswas (1964) reported five

species of Daphnidae from Simla Hills and Kameng district
of NEFA, now called Arunachal Pradesh., He also investigated
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the fauna of Rajasthan state of North-Western 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 Cladocera from Rajasthan and described a
new species and added nine new records to the Indian fauna.
The only important faunistic study from peninsular India

is that of Michael (1973) vwho dealt with species occurring
in and around Madurai, Patil (1976, 1977) listed the Cladocera
from material collected from a survey of AssamyMeghalaya 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 féw or several collections and have not taken
into account any other aspects of their biology. On ‘the other
hand studies on the seésonal 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
10 the various limnological parameters, For this purpose as
many different system as possible have been chosen from the
greater Shillong area for the study of morphometry,vegetation,
phydicochemical properties along with the cladoceran fauna,
This study being the first of its kind from this unexplored
region of India, it is hoped that the present investigations
vill lay the foundations for any future investigations on

Cladocera from this region.



PART 1

MATERIAL AND METHODS
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The materials for the presemt study were obtained from a
total of 29 freshwater lentic habitats from the greater Shillong
area (lat. 25°N, long. 91°3'E), The various limmological
parameters, namely, morphometry, physicochemical and biological

features were determined as follows:

i) Morphometrys 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 intexrval.

The depth contours were prepared for each system by
finding out the actual depth along transects with the help of a
graduated iron rod, This method was found to be convenient for
use in most of the systems as majority of them were less than
1.50 m deep. For the ponds in Fish Dale, data on morphometry
were obfpained from the records of the Fishery Department,
Government of Meghalaya. For larger systems such as Ward Lake
and a few others,a plastic boat or a bamboo raft was used for
the coniour 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 accordinglye.

i1) Collection devicde: Cladocera samples were collected
from all the systems between 0800 to 1200 hrs, The samples were
obtained with the help of a conical plankton net fabricated out
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of No.25xxx bolting silk. The net was towed through both
littoral and limnetic- zones 1n\eadh of the system., At times,
when there was 100 mﬁch littoral vegetation, an iron handle
vas attacheg to the net to faciliste easy collection. Samples
were immediately fixed in Formalin raising slowly to a final
ooncentration of about 5%, Such slow addition of Formalin was
found to prevent distortion of body shape in Cladocera. 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 just below the water surface., Chemical analysis of
various factors were carried out immediately on return to the

laboratory.

1i1) Physicochemical factors : Temperature of both
alr and water was measured using an ordinary Centigrade thermo-
meter., Water temperature was recorded by dipping the thermometer
Just below the water surface, Air itemperature was measured by
holding the thermometer in air and care was taken 1o avoid
falling of direot 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 determined 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 Unit of Meteorological Survey of India., Analysis of
dissolved oxygen, carbon dioxide, alkalinity, phosphate, nitrate
and silicate were conducted employing the Standard Methods
according to APHA (1967).

}

Dissolved oxygen was determ@ned by the modified Winkler's
method, Free carbon dioxide was measured by titrating 50 ml of
water sample against N/44 NaOH usihg Phenolphthalein as
indicator. As.carbon dioxide is knbwn to escape rapidly from
the water surface analysis was;made at the field itself, For
analysis of both carbonate and bicarbonate alkalinity, 50 ml of
sample was titrated against N/7O HCl using Phenolphthalein
and Methyl Orange solutions as indicators. The dissolved
inorganic¢ phosphate content was analysed colorimetrically by
the Stammous 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 oolorimetric\silicomdlybﬁate,method.i.

The Similarity Index for cladoceran fauna was computed
following S¢frensen index (QS) using the formulas
C
S =

a+b
similar species between the two habitats, while *a' and 'b'

s Where 'C' represenxs the number of
1

represent the number of species recorded in the two habitats,
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RESULTS




PART-1

I. HYDROGRAPHICAL SURVEY OF SYSTEMS UNDER STUDY
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Before the hydrographic data are gresented for
individual systems, it is thought relevant to provide
meteorological information of Shillong area for the total
study period (Table-1, Fig.-1). It will be seen that the
minimum air temperature ranged between 4.5%t0 18.1°C vwhile
maximum temperature ranged between 13.4° to 24.300. Similarly
the mean humidity values fluctuated between 57.0 to 89.00%,
while the rainfall was from a minimum of 0,0 mm recorded
during January, 1978 t0 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. Also the actual photographs of the investigated systems

are presented serially in Plates - I to xXIiII ™

System-1

Located behind St. Anthony's College hostel in the
vicinity of the Don Bos@o School. This is a shallow irrsgulaxr
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 was 0,55 m, The vegetation was
represented 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
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Figs.1

Seasonal variation in the metec‘)rological factors of -
Greater Shillong area (September,1976 to February,1978).
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in the same locality. This is a rectangular pond fed by an
underground spring and used for the purpose of rearing fish.
This system is of recent origin and approximately 3 years old
and of peremnial nature, Total area of the system is 397.72 sqm
with the length and breadth being 2¢.40x 16.30 mw . 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

were recorded which were usually confined to one cormer af the

pond., \

System-III

]

\
A small pond located within the precinot of the Geological

Survey of India at the New Colomy locality. Tﬁis pond was
originally hug about 2 years ago for the purpose of collecting
soil for construction works. When this pit was filled with
rain wvater, it was fertilised with a viev to grow fishes, Tap
water vas fed inte it during winxer season, The shape of the
pond is more or less rectangular with the average length and
breadth being 7.12 m and 4.19 m respectively. Tﬁe total area
was 29.84 sqm . The bottom shape was more or less flat and
completely sandy with a depth of 3.85 m . No vegetation was

* present in this systems \

This system is located behind the Shilldng C%ﬁg,adjacenm
1
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to the Shillong main road. This is a permanent pond stocked
with culturable fishes and extemnsively 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 %.40 m . It was constructed as
early as 1894 out of what was originally a swampy area.
Detailed morphometry and vegetational association of this
system has been dealt with in PRart.- II as this was ome of

the systems chosen for detailed biological studies on Oladoosra,

System-V

This is a small perennial pond situated adjacent to the
Shillong Cricket Club at the Polo Ground locality. This is a
somevhat irregular impoundment, fed by a drainage from the
Polo Bazar area and having an ocutlet at its other end. The
total area 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 system
had a muddy bottom. No 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 ocutlet are almost defunct except during the

rainy reason.

Vege}ational association in this popd was quite rich and

the agquatic and marginal plants recorded werej Monochoria

hastata, Vallisneria sp,, lLeersia hexandra, Sqirpus erectus,

Polygonum hydropiper, Altermanthera sessilis.
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System=V1

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 hottom is flat and muddy with a
maximam depth of 1.00 m, while the mean depth was found to be
0.67 m . Vegetational association of the pond was represented

by s Brasenia peltata, Vallisneria sp., Chara sp., Carex sp.,

Scirpus sp. and Utricularia sp.

Systen«VII

This is a irregular swampy system located in the Golflink
area near the Golf road, It is fed by a small canal from the
direction of the Golf Club which passes through the 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 n réspectively: The maximum depth was 0.85 m at the
centre vhile the mean depth was 0.59 m: The approximate total
area of the system was 202:05 sq ms This pond was devoid of
any vegetation in the centre although the littoral zone was
inhabited by ¥allisneria sp.;, Chara sp., Rotala rotundifolisa,
Cypsrus sp and Eriocaulon sSp.

System=VIII (Nam Ka Brin Pond)

This pond is situated close to the G,S5,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 been

dus to digeging of soilj
that

view is also held it represents a former 0ld perennial system.

“road constructionj the alternative

However, at present it i totally raeinfed and dries up
completely during the winter season. There is no inlet or
outlet to this system. The depth measurement given here was
nmeasured duQing the nonsoon season, The bottom of this pond

is muddy and generally deepens at the central region. The main
water body is without any vegetation though Vallisneria spp.,
Chara , Rotala and Ammania were recorded from the littoral

region,

System-IX ®

This pond is located within the Lady Hyderi Park situated
at the Barrik locality. It is a shallow bog formed along the
course of a smail stream passing through the park. It is more
or ‘less triangular in shape with a length of 20,3 m. Maximum
and minimum breadth are 8.00 and 3.33 m respectively. The
average breadth is 5.67 m with a total surface area of 115,10
8q m. The average recorded dépth vas 0,72 m., The contour of the
pond shows that it is deep in the centre with a rocky bottom-
encrusted with periphyton. Submerged bushes of Rotala
rotundifolia and Ammania multiflora were recorded.

A}

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 surface area is 211.50 sq m.
Maximum depth recorded was 1.50 m and it is deepest in the
centre, Water from a tap and rain water are the two majox
sources of water., No inlet or outlet is present and the average
depth recorded was 0,92 m, Vegetational association as found
consisted‘ef Rotala rotundifolia , Briocaulon sp.,_Cyperus sp.,
Frimbystylis dicotoma, Juncus prismatocarpus and Polygonum Sp.

£
1

SﬂgtemrXI

This system 1s located in the area of Lady Hyderi Park.
It is epproximately of semilunar shape, artificial in nature
with a single inlet and an ocutlet., The bottom is flat and muddy
and. one of‘the banks is made up of concrete, The total surface
area is 2537.92 sq m ., The ﬁaximum depth recorded was 0.87 m
and the average depth was 0,56 m . One of the sides was densely

populated by macrophytic vegetation represented by Altermanthera

%sessilis, Nymphaea sp., Chara spp., Scirpus sp., Polygopum sp.,

P. hydropiper, Eriocaulon sp., and Hotala rotundifolia.

System-X11 (Lady Hyderi Park pond)

It is an artificial impoundment; rectangular in shape
with 2 parts - one being more sha.ill?w than the other. The
wvater flows into it through an inlet while the outlet is almost

nonfunctional for the greatei part of 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 Cladocera
and hence details of vegetation and morphometry have been
dealt with in Paxrt II,

System=-XI11

This is a small pond with cemented shores, rectangular’
in shape and heavily weeded in nature., This is connected to
System=XII and has an outlet leading to a small canal. The
length and breadth of the system were 29,94 m and 3.61 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 0;50 m . The associated weeds in this pond were

Alternanthera sessilis, Nymphaea sp. and Leersia hexandra.

System-XIV

" Located in the Lady Hyderi Park area. This is compara=-
tively deeper pond, with a more or less round shape.’The total
area of the pond was 675.33 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 3.12 m. There
is only one inlet which is connected to this system.' It had
& rich aquatic flora ocomposed of Nymphaea, Rotala rotundifolia

and lIsachaemum sp.

The following systems (No.XV to XXIX) ‘.ate all located
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in the Pish Dale belonging to the department of fisheries,
Government of Meghalaya. These ponds are of the same depth
( 1.50 m ) and their bottom surface is flat in nature.

Sys tem-XV

This system actually consisting of two ponds is
located in the Fish Dale Complex of the Govermment of Meghalaya,
situated at the Fruits Garden locality (Fig.I, System=XV).
These ponds are used for either nursery or for breeding
purposes. These are artifiocial ponds, more or less square in
shape; Since both of these pénds are interconneoted 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 Alternantheria sessilis, Ammania multiflora, Scirpus sp.

Rotala rotundifolis and Vallisneria sp.

Systemn-XVI

Located at Fish Dale, Two interconnected ponds
represent this system: The size of the ponds are 61.90 sq m
and 8%.,35 sq m , both approximately of square shape, The

vegetation consists of Soirpus sp., Cyperus sp. and Bulbostylis

8p%

SystemeXVII

Located at Fish Dale, This is an artificial stocking
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pond, more or less rectangular in shape with big boulders
lining the sides: Its average length and breadth are 54.24 m
and- 45.11 m respectively and the total area is 2447.22 sq m.
The vegetation of this pond included Polygonum sSp. ,Juncus sp.

and Selaginella ap.

System~-XVIII

Situated at Fish Dale area:, It is & stocking
pond, irregular in shape with an average length and breadth
of 48,94 m and 38.1 m respectively. The total area calculated
wag 1864.61 sq ms The associated flora vas represented by

Polygonum sp., Juncus sp,; Arundinella bengalensis and .
Capellipedium assamile.

S «

Systen~XIX

Location, same as above, Tﬁe shape 6f this pond vas
irregular. It is a stocking pond with its length an& breadth
being 50,90 m and 38,10 m requc%ively; The total area of the
pond was 1939.35 sq m. Its sides are lined by big boulders and
and deveoid of any vegetation. excepting some species of Mosses.

System=XX

Location: Pish Dale; \This is an artificial nursery-
cumnb?eeding pond of more or less square shape with a total area
of 83.72 sq m and the length and breadth were 9.20 m and 9,10 m
respeotively., The maorophytes were represented by Galinsoga
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parviflora, Lindernia sp., Rotala rotundifdlia and Agaratum
Qoz_li.zoides .

System=XX1’

Locations Fish Dale, This system is aréificial andu
rectangular in shaﬁe used as nursery and breeding pond with a
total area of 526,66 sq m (length into breadths 27.43 x 15,20 m).
Vegetational assoclation was represented by Digitaria spp.
Vallisneria sp., Cyperus sp., Ammania sp., Scirpus sp., and
Rotala s&pa

Sys tem=XXI11

Locations Fish Dale. This is a more or less square
pond vhich has a total area of 143.08 sq m (Léngth X Breadths
13.41 x 10.67 m). The nature of vegetation was same as that
of System<XXI, |

SvstemsXXIIT

Locationinish Dale, This is a nursery pond with
a total area of 197.43 8q m (Length x Breadths 25,91 x 7:62 m)
vwith the same vegetational composition as that of the previous

ponds,

System= XXIV

Location: Pish Dale. This pond is reg¢tangular in
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shape with a total surface area of 327.7% sq m, ( Length x
Breadths 24.3%0 x 14.02 m) which is used as a nursery or a
breeding pond. The macrophytic complex more or less resembles

that of the System«XXI,

System=XXV

Locations Fish Dale. The shape of the pond is
approximately squarish (Length x Breadth: 12.80 x 10,06 m)
with a total area of 12?.77‘ 8q m. This system is also used
for the dual purpose of a nursery and a breeding pond., The
floral” association of this pond resembles that of System«XXI,

System=-XXV1

Locam.ona Fish Dale, 'Ehis is a more oy 1ess square
pond with a total area of 200.86 sq m (TLength x Breadth s
15.24 x 13.11 m), used as a nursery as well as a breeding
pond., The assoc¢iated vegetation of this pond was closely
simjlar to that of System=XXI..

System=-XXVII

) Locations Fish Dale. This is a breeding pond
26.2‘1 m long and 9,14 m broad, The total area of the pond was
239.56"'sq m. The pond bottom was flat and had a depth of 1,50 m
with the sides formed of cemented wall, The vegetation consisted
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of Leersia hexendra, Digitaria sp., Rotala rotundifolia,

Scirpus erectus

System=XXVIII *

Loeation’ s ﬁish Dale, The shape of this system is
square with a total suﬁace area of 197.43 sq m (Length x
Breadths 14402 x 14.33 m)+ This pond is also used for either
nursery or breeding purposes, The floral comppsition consisted
of Ammania multiflora, Rotala rotundifolia and Scirpus sp.

-

System=XXIX (Fish Dale pond)

- This is a cemented pond, rectangular in shape
with a total area of 102.88 sq mj; the length and dbreadth being
12.50 and 8.23 m respectively. The detailed morphometry of
this system has been given in Part~II in comnection with the
studies on the biology of the Cladoceras
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II. PHYSICOCHEMICAL PROPERTIES AND CLADOCERAN FAUNA

s



‘Before the Cladocera fauna of individual systems are
presented; the total number of Speciés recorded during the present
1nweatigétions_has been furnished. Camera lucida diagrams of
different species are shown in Plates xyy 0 xyr+ Thus during
the present studies, a total of 23 species of Cladocera were
recorded of which 2 belonged to Sididae,'7 to Daphnidae, 2 %0
‘Macrothricidae, 1 éaéh in Moinidae and Bosminidae while Chydoridae

was represented by 10 species as shown belows

Pauily 3 Sididae
Sida crystallina (0;F;Muller, 1875)
Diaphanosoma excisum Sars, 1885

Family H Daphnidae
Daphnia lumholtzi Sars; 1885
Daphnia sp.
Ceriodaphnia pornuta Sars, 1885
"Soapholeberis kingi Sars.1903
&imooephalus vetulus baaﬂékﬁnﬂg’éi
Simocephalus exspinosus '(Koch, 1841)
Simocephalus serrulatus (Koch,1841)

Family H Moinidae
Moina micrura Kurz, 1874

'Family Macrothricidae : '
Macrothrix laticornis (Jurine,; 1820)
Ilyooryptus spinifer Herrick, 1884

- Family s Bosminidae. :
Bosmina longirostris (OanMullera1785)

Pamily ¢ Chydoridae

Chydorus sphaericus (0 P Muller,1785)
Pseugpchydorus globossus (Baird, 1893)

Biapertura affinis (Leydlg. 1860)
i
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Alona sp.

Leydigia australis cylonica Daday, 1898
Alonella excisa (Fischer, 1854)
Alonella nana (Baird, 1850)

Pleuroxus similis (Varva, 1900)
Aoroperus harpae (Baird, 1834)
Camptocercus 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 3

This temporary pond was surveyed for 6 months only,
after which it completely dried up. Physicochemical 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°¢. 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 mmhos/cm)
and the lowest recorded value was 77.7 mmhos/cm. The range of
dissolved oxygen, free carpon dioxide and alkalinity varied from
Ted+ 10.4 mg/l, 3.8 = 9350 mg/l and 10:6 - 28 mg/l respectively.
Dissolved phosphate was always below 0:7 mg/l. Nitrate values
ranged from 0431 - 1.25 mg/l. The silicate concentration was
found to vary hetween 4.33 - 6,14 mg/l.

Only 2 species of chydorid cladoceran were recorded,
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Both these species occurred during gll the 3 collections

Table~2b 3 Showing species composition and seasonal distribution
of Cladocera in System=1 (August, 1976 to June, 1977).

Species 1976 1977
Aug, Oct.Dec, Febh Apr. Jun.

Family Chydoridae |
Chydorus sphaericus + + + Systen.dried
Alonella excisa ‘ + . @ SRS

System=I1I 3

%he physicochemical properties of this system has been
furnished in Table=3a, The water temperature was less or equal
to the air temperature. pH remained acidic throughout the study
period with the value ranging from 5.4 - 6.?; Highest conductivity
value wes recorded in the month of February, 1977 (78312 mmhos/am).
Highest oxygen and carbon dioxide values were obtained'in the
months of August, 1976 (10.4 mg/l) and April, 1977 (15.6 mg/l)
respectively, Carbonate alkalinity was never recorded while the
bicarbonate values ranged from 9.2~ 29.32 mg/l with the highest
in the month of June, 1977. Highest values of phosphate,nitrate
and silioate were- recorded during the months of February, 1977
(245 mg/1), October, 1976 (3.5 mg/l) and February, 1977 (9.13 mg/d

respectively.

z
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Table«2a 3 Showing the seasonal changes in the physicochemiocal
factors of System-I (August, 1976 to June, 1977).

-~
1™
!t

Factors Aug. 21? Vec. TFeb, }gzz “June.
Temperature Air 23%.0 18.0 9.0
(00) Water 21.0 17.0 8,
pH (unit) 59 5.5 6.9
Conductivity (umhos)cm) 94,5 86.2 T7.7
Dissolved oxygen (mg/l) Ted T.6 10.4 System dried up
Carbon dioxide (mg/l) 9.0 5.8 3.8
Alkalinity (mg/1) 10.6 15.8 28,0
Phosphate (mg/1) 0.62 0,63 0,45
Nitrate (mg/1) 0.75 1.25 0,31

Silicate (mg/1)

527 4.33 6.14

Table-3a 3§ Showing the seasonal changes in the physicochemical
factors of System<=II (August, 1976 to June; 1977).

Pactors Aug.19%§t. Deoc:; Feb. 12;%77 June
Temperaturs Air 19.0 25.0 10.0 19.0 22.0 24,0
(oc ) Water 22,0 19.0 10.0 16.0 19.0 23.0
pH (unit) 5.8 5.4 B.s6 6.1 5.6 5.9
Conduotivity (umhos/cm) 67.33 50.92 67.20 78.12 69,30 65.30
Dissolved .oxygen (mg/1) 6.80 11.28 8,00 10.49 5.28 8,20
Carbon dioxide (mg/1) 7.2 104 5.2 5.2 15.6 6.8
Alkalinity (mg/1) 9.12 9.20 14,00 22.20 26,80 29.32
Phosphate (mg/l) 0.75 0.87 0.56 2.50 1,03 0.91
Nitrate (mg/1) 3,00 3.50 3.15 2,15 1.35 1.90
Silicate (mg/1) 5.27 8.78 4.39 9.13 5.79 '5.27




41

#

Only one species of ‘Cladocera was recorded in this
freshly dug out pond (Table=3b).,

Table=3b 3 Showing species composition and seasonal distribution
of Cladocera in SystemeII (August, 1976 to June, 1977).

Species 1976 1977
Aug, Oct. Dec. Feb, Apr. Jun.

o

Family Chydoridae
Chydorus sphaericus - - + + + -

System~III

Results of the analysis of physicochemical 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 = Te9¢ Highest value of oonducti%ity was recorded in the
month of October, 1976 (126 mmhos/cm) and the lowest value was
found to be 52,29 mmhos/om in the month of April, 1977. The
ranges in the values of oxygen, ocarbon dioxide, alkalinity ,
phosphates, mitrates and silicates were 3

Oxygen s 8416 =« 13.56 mg/1, 002 $ 2.4 «4.8 mg/1,
Alkalinity s 23480 = 48,00 mg/l, Phosphats 3 1 - 4.0 mg/1,
Nitrates s 0,20 > 0,90 mg/1l and Silicates § 4.87 = 15.80 mg/le

The ocladoceran fauna was represented by 3 diverse
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species namely, Scapholeberis kingi, Moina miorura and

Bosmina longirostiris belonging to the families Daphnidae,
Moinidae and Bosminidae. Their seasonal distribution have been
given in Table=4b,

Table=-4b 3 Showing species composition and seasonal distribution
of Cladocera in System-III (August,1976 to June, 1977).

Species 1976 1977
Eug, Ucts Dec, Feb,.ApTr.Jun,

Family Daphnidae

Scapholeberis kingi - + - - % -
Family Moinkdae
Moina ﬁ&crura + + - + = -
Family Bosminidae
Bosmina longirostris + 4 - + 4+ -
System=IV (Ward Lake)-s- -- - «owmme = oo -

Results on the physicochemical analysis are given in
Table~5a, The alr 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 umhos/cm. Dissolved oxygen,
carbon dioxide and alkalinity ranged between 6:58 - 10.53 mg/l,
4:25 - 9.88 mg/l and 1770 - 30.60 mg/l respectively. The



Pable~4a § Showing the seasonal changes in the phySicochemical
factors of SystemsIII (August, 1976 %0 June, 1977).

b | 1976 _ P _‘]g:z:z' |
Factors o Aug, Oot, Dec. Feb., Apl., June.

Pemperature = Be® 22,0 22,5 8.5 2220 23,0 24.0

(00) . Water 21.0 18.5 8.0 16,0 23,0 22,0
pH-(GEY, “ Te6 T4 To5 6.8 Tob 7.3
Conduetivity (umhos/em) 11293 126,00 97413 54,92 52.29 87.20
--'Dissolved osygen {(mg/1) 8.60 B8.40 8416 10,20 13,56 8.40

' Garbon dioxztde (mg/l)  2.60 2.40 2.40 4.80 2.80 2,60
2ikalinity (mg/1) - 23.80 29.60 REL0 27.40 3700 29.40
Phosphate (mg/1) 4,00 3,00 1,00 2.25 2.38 2.12
Nitrate (mg/l) . 0463 0,90 0,30 0.25 0,20 0,20

Qable*Ea ¢ Showing the seasonal changes in the physicochemical
factors of System=IV (August, 1976 to June, 1977).

o - T 46 qo11__
Factors _ ‘Aug. Oct. Dec. Feb., Apl, June,

Temperature  Air 2505 22,8 17.0 19,0 22.0 26.0
(oc; Water 25,0 23,0 16,0 16.0 20,0 25,0

pH (unit) 6e43 6.16 6459 6.57 6.59 6.28
Conductivity (umhos/cm) 74.94 76.19 67.59 66.66 T1.57 T2.14
Dissolved oxygen (ﬁg/l) 10.53 6.58 7.34 8,83 7,66 8,38
Carbon dioxide (mg/l)  8.07 4.25 4.80 9.87 9.88 9.00
 Alkalinity (mg/l) . 29.93 17.70 28,05 22,40 30.60 29.45
‘Phosphate (mg/l) ~ 0.56 2,05 1.59 1.13 1.68 1,00
Nitrate (mg/1) - .~ 0,30 0.65 0.79 0.85 0.74 1.52
Silicate (mg/1) . 3.52 1445 1.85 2,93 1.41  1.54
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Table=5b s Showing species oompositiag and seasonal distribution
, of Cladocera in System=IV “ ( Augustsz, 1976 to June, 1977)

6 . , .
Species Aug, %ct. Decs Febs Apl. June.

Family Sididae
Sida crystallina

]
]
]
+

Diaphanosoma excisum + - - - + -
Family Daphnidae

Daphnia lumholtzi - - - - + +

Cerjiodaphnia cornuta - - - - - +

Scapholeberis kingi + + + + * 4+

Simocephalus exspinosus + + % + ¢+ *

Simocephalus sexrulatus - & * + ¢ -
Family Maocrothricidae

Ilyocryptus spinifer & * + - - -

Family Moinidae

Moina micrura - + <+ - - -
Family Bosminidae
Bosmina lengirogtris + + * + + <+
Family Chydoridae
Chydorus sphaericus + + + + + +
Biapertura affinis + + + + * -
Alona sp; - <. + - - -
Alonella excisa + + + + + +
Alonella nana - + + + + -
Pleurozus similis - + + + + +
Acroperus harpae + + + + + +
Camptocercus australis + + + + + *
ATy
//l )\// "%(:
/ VEL
e v\
\\;‘\ v -zrz?
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amounts of phosphates, nitrates and silicates varied between

0.56 = 2,05 mg/l, 0.8 = 1.52 mg/l and 1,41 - 3.52 mg/1.

This lake was the largest of all the systems surveyed
and exhibited the maximum number of cladoceran species. There
were two species of Sididae, five species of Daphnidae, ocne of
Moinidae, one of Bosminidae, one of Macrothricidae and eight of

. Chydoridae with a sum total of eighteen species. The details of
the species composition and their seasonal distribution have

been shown in Table-5b.

System=V s

The readings recorded on physicochemical factors is

+ furnished in Table-6a, Water temperature was found to be always
lower than the ailr temperature, The range of pH value was

57 - 6.2, Conduotivity value was highest in the month of
February, 1977 and the maximum and minimum range was 79.50=173.5
pmhos/cm, Dissolved oxygen,; free carbon dioxide and alkalinity
ranged between 3.24 - 9,76 mg/l, 4.6 - 18.2 mg/l and 14,00 =
39,60 mg/1l respectively. The inorganic phosphates, mitratée
nitrogen and silicate values were 1,23 = 3.75 mg/l, 0 - 0.45 mg/1
and 3:19 = 7,02 mg/1. :

‘Cladocera fauna has been represented by 2 species of

Daphnidae, 1 species of Macrothricidae and 5 species of

Chydoridae. Their seasonal occurrence are e=6b.

R
o
F
o
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Table=6a 3 Showing the seasonal changes in the physicochemical
factors of System=V (August, 1976 to June, 1977).

1976 1977

Factors g, Oct. Dec. . . .

Temperature Air 26,0 21.0 16,0 18.0 24.0 26.0

(oQ) Water 24,0 19.Q, 10.0 16,0 23.0 24.0

pH (unit) 6.0 5.7 6.4 5.9 6,2 614
Conductivity (umhos/cm) 84,00 78.96 11550173.50 86,10 79.50
Dissolved oxygen (mg/l) 6.80 8,00 3.24 4.24 9.76 4.60
Carbon dioxide (mg/1) 7.80 4460 6,60 18.20 8,40 11.20
Alkalinity (mg/1) 14,00 15.40 39.60 36,20 30,00 27.60
Phosphate (mg/l) - 1.23 2,25 1.88 3.75 3.75 3.75
Nitrate (mg/l) - 0.45 0.10 0.%0 = 0.10
Siliocate (mg/l) ) 3019 5,27 3.91 3.51 7.02 3,51

e

Table=6b s Showing species composition and seasonal distribution
of Cladocera in System=V (August, 1976 to June, 1977) .

Species 1976 - 1971‘
Aug. Oct. Dets Feb, Apl. June.

Panily Daphnidae
Simocephalus exsgpinosus ’ @ + * - + -
Family Macrothricidae

Maorothrix laticornis * - - - + +
Ilyooryptus spinifer - + - - - -
Pamily Chydoridae .
Chydorus sphaericus + + + * + +
Biapertura affinis + + +* % + *
Pleuroxus similis * - * + - -
Acroperus harpae - + + + - -
Camptocercus australis - + +* <+ <+ -
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System=VI ¢

Records of physicochemical data have been presented in
Table-=Ta. pH and conduotivity of water did not show much seasonal
variations and have ranged between 5,98 - 6.70 and 19.95 to
26.57 mmhos/ocm. The ranges of variation in oxygen, ecarbon
dioxide, alkalinity phosphates, nitrates and silicates were g
Oxygen - 3,20 -« 10,68 mgfl, ocarbon dioxide « 4.8 - 9.6 mg/l,
alkalinity - 14.25 =26.29 mg/l, phosphate - 0.78 - 4.12 mg/l,
nitrate - 0 « 0,20 mg/1 and 3.51 = 7.02 mg/l.for silicate.

Cladocera fauna was~ repreaentedX by one species of

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

System-VII

Data on the physicochemical factors are shown in
Table=8a, Except in the month of August, 1976, water temperature
vas always lower than that of air. pH was variable and ranged
from 5.45 to 6,95 units. Conductivity value was rather low
renging between 15.75 - 22.68 umhos/cm. Range of oxygen concen-
tration was 6.84 t0 9.72 mg/l. Carbon dioxide ranged from 4.20 -
11+80 mg/1l and the range in alkalinity was 8.40 - 17.60 mg/l.
Dissolved mutrient substances such as phosphates, nitrates and
silicates varied as 3
Phosphate -« O - 3,63 mg/l, Nitrate- O -~ 0,12,mg/1l, Silicate -2.63
- 8.43 mg/l.

Only 4 species of Chydoridae were recorded from this



48

Table=~7a 3 Showing the seasonal
factors of System=VI

changes in the physicochemical
(Augusti 1976 to June.1977)c

Factors Aug, 1%%2. Deo, Feb, 331? June.

Temperature Alx 24,0 21,0 18,0 18,0 22.5

(0¢) Water 52,0 20.0 10.0 16.0 23.0
pH (unit) 6.70 5,98 6.80 6.70 6.30
Conductivity (umhos/cm) 19.96 26.23% 22,58 23.20 26,57 No
Dissolved oxygen (mg/l) 3,20 4,66 4.84 7,60 10,68 30aLy5is
Carbon dioxide (mg/l) 7:62 8.42 4.80 5.20 9.60 out
Alkalinity (mg/1) 26429 14,25 17:60 22,50 18.60

Phosphate (mg/l) 0.78
Nitrate (mg/l1) 0.10
Silicate (mg/l) 5.18

e

1.04 2.25 4.12 3.13
0.20 0.20 0.15
4.87 3.51 3.51 T.02

s -

/

Table=7b 3 Showing species composition and seasonal distribution
of Cladocera in System-VI (August, 1976 to June, 1977)

Species

1976 1977
Aug. Cot. Decs Peb., Apl, June

Family Daphnidae
Simocephalus exspinosus

Family Chydoridae
Chydorus sphasricus
Pheudochydorus globossus
Biapertura affinis

- % e - - +
* * + + + *
% + + + < +




49

Table=8a § Showing the seasonal changes in the physicochemical
factors of System<VII (August, 1976 to June, 1977).

Pactors Aug.1%%$.) Dec. Febs ;g{? June
Temperature Alir 24,0 19.0 16.0 22.0 21,0 26.0
(°0) Water 24,0 18.0 10.0 16.0 22.0 24.0
pH (unit) 6.95 5.45 6.80 5.60 5.60 6.72
Conductivity (umhos/cm) 15475 22.5822.5818.38 15.96 22.68
Dissolved oxygen (mg/l) 9472 6:84 7474 8,96 8.48 T.92
Carbon dioxide (mg/l) 4,20 5,00 4.8011.80 11.00 8.40
Alkalinity (mg/l) 8440 14.2017.60 14.20 15.60 17.20
Phosphate (mg/l1) 0.87 1438 = 1.75 3.6% 2.51
Nitrate (mg/1) 0.0 =« 0,20 0.10 =~ 0.12
Silicate (mg/1) 8.96 B.43 6.15 2.63 T.02 5.27

Table=-8b s Showing species composition and seasonal distribution
of Cladocera in System=VII (August, 1976 to June, 1977)

1976 - 1971
Species Aug; Oct. Decs Febs Apl. June

Family Chydoridae

Chydorus sphasericus + % + * + *
Biapertura affinis + + + + + +
Alona sp. - + - C- + -
Alonelle excisa + + + + + +




system as shown in Table=8b.

System=VIII 3

This system could be sampled only from August, 1976
to December, 1976 for a total of six months period since this
pond dried up. The data presented here, therefors, represents
three collections made at every two months interval (Table=9a),
The wamer temperature wag found to be less than that of air
temperature . The pH ranged betueen 6.3 to 6+78s Variations
in the dzeeolved oxygen, carbqn dioxide. alkalinity Mwere 3
5.28 =« 9,66, 3,20 ~ 6,40 and 25.25 ~ 39,00 .mg/l respectively.

The Oladocera founa in this system has been well
represented with % species of Daphnidae, 1 species of
Bosminidae and 5 species of Chydoridae as whown in Table-9b,

System- IX 8

The various physicochemical faotors (Table~19a)
show that water temperature was always lower in this system
than that of air. The pH values ranged between 5.55 = 6.9
vwhereas theﬁcon&uctivity value varied from 34.65 to 65.1
mhhos/cm, Oxygen, Carbon dioxide and alkalinity ranged between
4.08 ~ 10.16 mg/l, 3.20 « 11.40 mg/l and 11.00 to 43.20 mg/1
respeetively whereas the variations in the contents of
phosphates. nitrates and silicates were 0 « 3,78 mg/l,
0. 10~ 0.55 mg/l and 2.63 « 7.08 mg/l.
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Table=0a 3 Showing the seasonal changes in the physicochemical
faotors of System=VIII (August, 1976 to June, 1977).

Factors Aug, wﬁ%t. Dec. Feb, 191%1. June.,

Temperature Air - 24,0 22.5 15.0

(9C)’ Watexr 23.0 18.5 12.0
pH (unit) 6.30 6.52 6.78
Conduotivity (mmhos/cm) 31,0 42.2 53,0
Dissolved oxygen (mg/1) 9.66 5.67 5,28  System dried up
Carbon dioxide (mg/l) 3.20 5.40 6,40
Alkalinity (mg/l) 25425 34,73 39.00
Pnosphate (mg/1) -
Nitrate (mg/1) Not analysed

Silicate (mg/l) e

Table~9b z.Showihg spccies composition and seasonal distribution
of Cladocera in System~=VIII T{Hugusty «1976 %o June, 1977).

~
——
-
A

1-9‘ 6 S ‘Tﬁl_.—_._—_
Species Aug. Oct. Dec, Feh. Apl. June.

Pamily Daphnidae
Scapholeberis kingi
Simocephalus vetulus
Simocephalus exspinosus

Family Bosminidae System dried up

e
RE
1+

Bosmina longirostris + - *
Pamily Chydoridae

Chydorus sphaericus + & .

Biapertura affinis - + -

Alonella excisa + + 'y

Alonella nana > & -

Pleuroxus similis + - -
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Only 2 species of Cladocera belonging to Daphnidae
and Chydoridae were recorded in this pond.(Table-10Db).

Table=10b 3 Showing the seasonal eccurrence and distribution
of Cladocera in System~IX (August, 1976 to June, 1977).

1976 1977

Species
Aug: Oct.. Decs rPeb. Apr, dun.

Family Daphnidae

Simocephalus
exspinosus * L S d + *
Family Chydoridae
Chydorus sphaeriocus «+ <+ ¢ + - +
Systen=X $

The physicochemical factors have been shown in
Table=11a. Water temperaturs was less$ than that of he
atmospheric. The pH range was found 40 be 5.55 = 7.1.
Conductivity values ranged between 46:20° to 74.55 mmhos/cm.
The range of variation in oxygen, carbon dioxide, alkalinity,
phosphates, nitrates and silicates were as follows 3
Oxygen = 7.44 % 9748 mg/l, carbon dioxide = 4.8 - 12.4 mg/1,
alkalinity - 12.40 -.36%40 mg/l, phosphate - 0,13 = 1.88 mg/l,
nitrate - 0,3 = 1,40 mg/l and silicate - 4.39 + 6.14 mg/l.

Cladocera fauna was represented by 1 species of
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Table=10a ¢ Showing the seasonal changes in the physicochemical
factors of System=IX (August, 1976 to June , 1977).

1976 1977

Factors Aug; Oct, Dec, reb, Apl, June.
Temperature Aix 26,0 18,0 18.0 20.0 21,0 26;0
(°c Water 230 15.0 110 17.0 20,0 24.0
Conductivity (mmhos/cm) 57.75 34.65 55.65 51,66 65,10 71.31
Dissolved oxygen (mg/l) 4,08 7.44 6.80 10.16 8,00 5,60
Carbon dioxide (mg/l 104,60 3.20 4.80 11.00 11.40 12:00
Alkxalinity (mg/1) 16,00 11,00 25:60 42:20 36,40 43,20 .
Phosphate (mg/l1) 1:50 1475 1.39 =~ 3.37 3629
Nitrate (mg/l 0:32 0,55 0.65 0.10 0,35 0.24
Silicate (mg/l1) 5:21 4:92 4,40 2,63 5.27 7.08

Table=11a 3 Showing the seasonal changes in the physicochemical

factors of System=X (August, 1976 to June, 1977).

1976 1977

Factors Aug. <%bt. Dec, Feb, Apl. dJune.

Temperature Air 29.0 18,0 18,0 20.0 21.0 23.0
(°0) Water 24,0 15,0 12,0 17:0 20.0 2240

pH (unit) T7.10 5.55 6,05 6,60 5,80 5.:90
Conductivity (umhos/cm) 65410 46.10 50,35 T4:55 52.08 49.35
Dissolved oxygen (mg/1) 9432 9.00 9:48 7s44 8,16 8.44
Carbon dioxide (mg/l1) 7:.90 8540 5.80 4.80 12.40 4.90

Alkalinity (mg/1)
Phosphate (mg/1)
Nitrate (mg/l1)
Silicate (mg/1)

13.40 12.40 21.00 36440 24.40 26.50
0.87 1.00 0.12\ 0.87 1.87 0.56
0.59 1.40 0,70 0.40 1,00 0,30
5.29 6.14 4.39 339 5.27 4439

Table<11b ¢ Showing species composition and seasonal distribution
of Cladocera in System=~X (August, 1976 to June, 1977).

8pecies * 1976 1977

Augs Oct. Dec. Feb., Apl. June,

Family Daphnidae ,
Scapholeberis kingi

Family Chydoridae
Alonella excisa




54

Daphnidae and 1 species of Chydoridae.(Table-11b),

System=XI 3

Data on the physicochemical factors of this pond
has been furnished in Table-12a. The water {emperature was
found %o range between 12? in Decembewr, 1976 to 24° in June,
1977 Highest pH value was 6.2 and the range was between
563 # 6,2, Conductivity varied between 58.80 - 73.80 mmhos/cm.
The ooncentration of oxygen, carbon dioxide and alkalinity
varied from 5 - 12.32 mg/l, 4.20 - 14.80 mg/1l and 16.00 ~ 38.40
ng/l respectively., The nuirients such as phosphate, nitrate
and silicate varied betweep 0 » 2,50 mg/1l, 0.10 = 0,30 mg/l1
and 5.27 = 9.13 mg/l respeectively.

In this pond 1 species of Daphnidae, species of
Bosminidae and 3 species of Chydoridae were recorded during
aifferent times of the year as shown in Table=12b.

System-XII 3
§
The physicochemical factors represented in Table-13a

showa that water temperature was always lower than that of
the aimosphare and ranged from 12° - 23°0. pH value fluctuated
between 5.88 to 6.40. Conductivity value ranged from 55.82 to
84.87 nmhos/em. Variations recorded in the concentrations of
oxygen, carbon dioxide and alkalinity were 4.66 - 9.04 mg/l,
9457 « 13.55 mg/l and 14.25 « 39.00 mg/l respectively.



Table=12a 3 Showing the seasonal changes in the physicochemical
‘ factors of System~XI (August, 1976 to June, 1977).

Factors Aug.1gggt.:ﬁéc. Feb. A;%T7 June,
Temperature ALr 28,0 21.0 18,0 20,0 23.0 23,0

(oC) Water 24,0 20.0 12,0 18,0 22,0 22.0
pH (untt) 6.2 5.3 5.8 6.2 6.2 6,2
Conductivity (umhos/cm) 63,00 66,15 58.80 75.60 68.78 73.80
Dissolved oxygen (mg/l) 9.12 5.00 6.80 10.16 12.32 8.48
Carbon dioxide (mg/1) 12,80 4,20 14.80 10.80 10.20 9.80
Alkalinity (mg/1) 16,00 19,20 28.60 39.60 36.20 38.40
Phosphate (mg/1) 0.82 0.65 0,31 =~ 2.50 0,90
Nitrate (mg/l) 0.22 0,38 0,16 0.10 0.22 0.11
Silicate (mg/1) 5.86 9,13 5.27 5.27 7.02 6.21

Table=12b 3 Showing species composition and seasonal distribution
of Cladocera in System=XI (August, 1976 to Junse, 1977).

Species 76 1977

Aug. Oct. Dec, Feb. Apl. June.

Pamily Daphnidae

Scapholeberis kingi + + + - - +
Family Bosminidae
Bosmina longirostris * + + - + +

Family Chydoridae
Chydorus sphaericus
Pleuroxus similis
Alonella nana

+ + 4
+ 4+ ¢+
]
+ 4
+ +
¢
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Table=13a t Showing the seasonal changes in the physicochemical
faoctors of System=XII (August, 1976 to June, 1977).

Factors Aug, 1%%%Q Dec, Feb, lgzz June.
Pemperature Air 23.5 22,0 15,0 18,0 21.0 23,0

(c0) Water 23,0 21,0 12.0 15.0 19,0 22.0
pH (unit) 6,00 5,88 6,03 6,17 6.40 6,03
Conductivity {(umhos/cm) 5582 59,423 73423 74,97 84,87 70,29
Dissolved oxygen (mg/1) 9.04 4.66 5,36 7,00 6.83 4.89
Carbon dioxide (mg/l1) 9,57 10,90 12.95 11,80 9.76 13,55
Alkalinity (mg/1) 29,27 14425 32,90 32,33 39,00 36,75
Phosphate (mg/l1) 0,78 1.04 1,58 1.73 2.18 1,86
Nitrate (mg/l1) 0,29 0,41 0,62 0,10 0.64 0,87
Silicate (mg/l) 518 4,87 9.17 7,3t 8,18 4.83

Table=13b s Showing species composition and seasonal distribution
of Cladoocera in System=XII (August, 1976 to June, 1977).

4 1

1916 1977
Aug. Oct. Dec. Feb. Apl. June.

Species

Family Daphnidas

Daphnia sp. - - - - + -
Scapholeberis Kingi - - - - + +
Simocephalus exspinosus - * + - + .
Fanily Boaminidae
Bosmina longirosiris + + + > + .
Family Chydoridae -
chydorus sphaericus + + + + + *
Biapertura affinis + + * - + +
Alonella exclsa * + - -5 o+ -
Pleuroxus similis - - < - - -
Acroperus harpae + + + - + +
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Phosphates, nitrates and silicates fluctuated between
0078 - 2018 mg/lt 0010 - 0.64 mg/l and 4083 - 9917 mg/l.

A total of 9 species of Cladocera vere recorded with
3 speoies of Daphnidae, 1 species of Bosminidae and 5 species
of Chydoridae., Seasonal distribution and occurrence have been

given in Table«13b,

System=-XIII 3

Table~14a a represents the physicochemical factors.,
Water temperature followed the same pattexrn as that of
System«-XIX. pH ranged between 5.5 - 6.9, Other parameters
folloved the fluctuation pattexrn as given belowsi-

Conductivity s 51.45 = 101.22 mmhos/cm, oxygen t 4.0 -9.60 mg/i,
canbon dioxide ¢ 4.20 to 9,00 mg/l, alkalinitys 16.00-50,20
mg/l, phosphates: 0,11 to 5,50 mg/l, nitratesy 0.22 to 0,38
mg/l and silicates 2,63 to 6.62 mg/l.

A total of 4 species of Cladoocera have been recorded
from this system during different seasons. 1 of these belonged
t0 Daphnidae, 1 to Bosminidae and 2 Chydoridae (Table~14b).

System=XIV 3
Readings of the physicochemical analysis are given
in Table~15a , Water temperature was always found to be lower
than that of air. pH range was 5.30 in October, 1976 to
6,70 during August, 1976. Conductivity value ranged from
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Table-14a 3 Showing the seasonal changes in the physicochemical
faotors of System=-XIII (August, .1976 to June, 1977)

Faotors Aug.lgggt. Dec.  Feb. A;§37 June.
Temperature Air 27.0 22.0 2.0 20.0 23.0 24.0
(°0) Water 24.0 20.0 10.0 17.0 21.0 23,0
pH (unit) 6490 5.50 6.10 6.60 6.30 6,50
Conductivity (umhos/cm) 5145101422 74.55 84.21 75.29 67.51
Dissolved oxygen (mg/l1) 4.40 4.00 4.16 9.56 9.60 9,20
Carbon ‘dioxide (mg/l1) 6.70 4.20 9.00 5.60 7.80 8,00
Alkalinity (mg/1) 16.00 19.20 40,20 50,20 36.40 33.82
Phosphate (mg/l) 113 1.13 0.11 1.00 5.50 2.40
Nitrate (mg/1) 0,22 0.30 0.22 0.12 0.38 0.38
Silicate (mg/1) 5427 4.92 5.09 2.63 6462 6.62

Téble~14b s Showing species composition and seasonal distribution
of Cladocera in System=-XIII (August, 1976 to June, 1977).

976 1917
Species Aug. Oct. Dec., Feb. Apl. June.

Family Daphnidae

Scapholeberis kingi - - + - + -
Family Bosminidae

Bosmina longirostris - - - + + -
Pamily Chydoridae

Chydorus sphaericus + - + + * -

¢ - 4+ + + -

Pleuroxus similis
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Table=15a : Showing the seasonal changes in the physicochemical
factors of System=XIV ( August, 1976 to June, 1977).

Pactors Mg, 1%%25 Dec, Feb, A;%\Tne.-

Temperature Al® 27.0 24,0 20,0 20,0 23,0 22,0

(00) Water 24,0 20.5 11.0 17.0 21.0 21.0
Ph (unit) 6.7 5.3 5.8 643 6.4 6.4
Conductivity (umhos/ocm) 68,2 85.0 77.7 91.1 76.4 72.3
Dissolved oxygen (mg/l) 4.3 4.7 6.0 5.7 10.1 6.2
Carbon dioxide (mg/].) 8.2 590 5.4 4.8 6.8 6.4
Alkalinity (mg/l1) 16.6 162 40,2 27.0 37.6 26,2
Phosphate (mg/1) " 06 1.1 e = 2,6 1.6
Nitrate (mg/1) 0.2 0.3 0.3 0,1 0,3 0.2
Silicate (mg/l) 563 543 5.4 4,0 7.0 6.9

Table~15b §$ Showing species composition and seasonal distribution
of Cladocera in System~XIV (August, 1976 to June, 1977)

1976 __ 1917
Species Augs Octi, Deo: Febi Apl. June

Family Daphnidae
Simocephalus exspinosus T +
Scapholeberis kingi + - + +

FPamlily Bosminidae

t
s
!
'

Bosmina longirostris + + - - + +
Family Chydoridae

Chydorus sphaericus & - + . + -

Alona sp. - - - - & -

Leydigia australiSnceylonica - - - e + S

Pleuroxus similis - - + - - P
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68425 to 91.14 muhos/cm., Oxygem, carbon dicxide and alkalinity
were found to ranga‘betweeﬁ 4432 and 10,08 mg/l, 5.0 and 8.2
mg/1 end 16,20 and 40,20 mg/l respectively. The fluctuations
in phosphates,.pitratss and silicates-rsnged‘from'o - 2,63
mg/1, 0.10 - 0.35 ma/1 and'4~04 to 7'02'ma/1‘

| A total of 7 species sf Oladocera with 2 spscjes
bslonging to Daphnidae. 1. to Bosminidas and Q}speoims belong-
ing to Ohydoridae were reeorded. Their seasonal distribution
is furnished in Table-15b.

Systemﬁxv 14

‘The data on the physicochemical factors analysed
for this pond are tabulated in Tablee16a. The waxsr temperature
values ranged from. 12,2 to 22 G: pH did not show much fluoctua-
| tians ¢ 5 '3 10 6460 units) Fluetuatlons in conductivity
value was between 31,50 and 70,14 nmhos/om. The range of
variations in dissolved oxyaen, carbon dioxide and alkalinity
vere 6,56 to 8.44 mg/l, 3.2 0 9,2 mg/l and 8.2 to 29,30 mg/l.
EhOSphate, nitrate and-silicaxs varied from O « 1,75 mg/l,
0.11 = 1,55 mg/1 and 1,76 = 5.83 mg/l.

Cladocera fauna was represented by 1 species of
Daphnidae end’ 2 species of Chydoridae with a total of 3 species
(Table-16b).
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Table-16a ¢ Showing the seasonal changes in the physicochemical
factors of System=XV (August, 1976 to June, 1977).

Factors Aug,1gggt. Dec; Feb. Agg?7 June,
Temperature Aly - 25:0 18.5 160 20,0 23,0 22.5
(00) Water 22.0 17.0 12:0 1450 18.0 21.5
pH (unit) 5:9 5i3 6.6 5.8 6,2 6.4
Conductivity (umhos/cm) 33,60 81.50 31,50 54.92 70.14 62.50
Dissolved oxygen (mg/l1) 6.60 6.80 8.44 6,96 T.76 6.56
Carbon dioxide (mg/1) 5:00 4:20 3:20 9.20 6,00 6.20
Alkalinity (mg/l1) 1160 8,20 12.40 23,60 21.00 29.30
Phosphate (mg/1) 1,62 0.37 0.37 = 1.75 0.65
Nitrate (mg/l1) 0,11 1.00 0.49 0.40 2.40 1.55
Silicate (mg/l1) 3.27 1.76 3.34 5:27 5.83 5,27

Table~16b 3 Showing species compoesitcion and seasonal distribution
of Cladocera in System=XV (August; 1976 to June, 1977)

1976 1977
Species Aug, Oct. Dec. Feb, Apli. June,

"Family Dephnidae
Scapholeberis kingi + o+ - - - -

Family Chydoridae
Chydorus sphaericus .« <+ + - % -
Acroperus harpae +  * - + ¢ -
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S System«XVI 3

Pable~17a represents the data on the physicochemical
analysis of this pond, The water isesmperature varied from
12°C in December, 1976 t0 22°C in August, 1976 end June; 1977
end was always lower tham that of atmosphare, The pH value
" ranged between 5.9 to 6.5. Conductivity value showed a
variation betveen 28.88 and 70.14 mnmhos/cme The range of
variation in dissolved oxygen, carbon dioxide, alkalinity,
phosphates, nitrates and silicate were respectively 5.04 to
732 mg/l, 3.0 = 9.2 mg/l, 7.6 -~ 29.60 mg/l, 0.38 - 3.00 mg/1,
0 - 0.85 mg/l and 2,56 « 7.90 mg/l.

The ocladoceran species ryecorded fi'om this pond weres
1 species of Daphnidae, 1 species of Boéminidae and 4 species
of Ghydoz"idae with a‘sum total of 6 species. Seasonal distri-
bution record has been given in Table=17b,

System=-XV1I 3

e

The range of fluctuations in the physicochemical
properties (Table~18a) of this pond during different seasons
{vere as £ollowss ‘

Water temperature s 1? - 22°C, Air temperatures 16°- 23°¢,
PH 3 5.3 = 6.4, conductivitys 26,78 - 62.90 umhos/cm,
oxygen: 4.36 - 7.60 mg/l, carbon dioxide: 3.2 - 6.2 mg/l,
alkalinitys 10.00 - 33.6 mg/l, phosphate 3 0 - 0,88 mg/1,
nitrate 3:'0,05 -~ 1.0 mg/1, silicates 4.21 - 5,89 mg/l.
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Table-17a 3 Showing the seasonal changes in the physicochemical
factors of System<XVI (August, 1976 to June, 1977).

Factors 'Aug.‘gﬁi. Dec, Feb, Ap;?77June.

Temperature Alr 27:.0 18.5 16.0 22.0 22.0 21,0

(00) Water 22,00 17:0 12.0 17.0 18.0 20.0
pH (unit) 6,40 5420 6.50 5.90 6.20 64,30
Conductivity (umhos/cm) 30,45 28:88 34:65 53.02 T1.14 59.65
Dissolved oxygen (mg/l1) 6.80 6.48 T.32 6.96 5.04 6.04
Carbon dioxide (mg/1) 3,00 5.60 3.80 9.20 5,20 7.20
Alkalinity (mg/1) 8400 T:60 14.80 26.40 23,60 29,60
Phosphate (mg/l), . , 0:50 . 0.75 0-37 1.37 . 3.00 . 1.50
Nitrate (mg/1) 0.30 0,85 0,48 0,49 =« 0.11
Silicate (mg/1) 2:56 3.86 T+90 3.51 5.62 5.27

Table~17b ¢ ShoWwing the seasonal @istribution and species
composition of Cladocera: in System=XVI
( August, 1976 to June, 1977)

1976 1977

Species Aug.’ Octs Dec. Feb. Apl.: June.

Pamily Daphnidae
Scapholeberis kingi - » - * + -

Family Bosminidae

Bosmina longirostris + - - + * -
Family Chydoridae

Chydorus gphaericus + 4+ - + + 2

Biapertura affinis * - +. - + +

Pleuroxus similis - - - + + -

Acroperus. harpae. - + - 4+ * -
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Table-18a 1 Shouing the seasonal changes in the physicochemical
~ factors of System=XVII (August, 1976 to Juns, 1977)

Factors Aug. 19%2‘&0 ﬁeﬁo i%b'o 3%3? Tf\me.
Temperature Air 23,0 20,0 16,0 22,0 22:0 230
(OC) Hater 20,0 1900 12,0 17.0 18.0 22.0
pR (unit) 6340 5:30 .6.40 6,30 6,10 . 6.30
Conduotivity Oumhoa/om) 36422 26378 36,75 48,09 62,90 59.60
Dissolved oxygen (mg/l) 6340 5344 5.92 T.60 T.36 4,36
Carbon dioxide (mg/1) 5220 3,20 4420 6.20 4,00 4.00
Alkalinity (mg/l) 10,00 15,80 24,00 33,60 31.40 27.60
Phosphate (mg/1) 0377 0,40 0437 = 0,87 042
Nitrate (mg/1) 0.30 0,30 0,16 - 0,05 1,00 0,52
Silicate (mg/1) 5311 4421 492 5.27 5.89 - 3.27

b

Tableqﬁeb z Showing speoiea composition and seasonal distribution
of Cladocera in System~XVIL (August, 1976 to June, 1971

- - — 1976 T 197
’5930138 Aug. Octt Dec, Febo Aplo June.

Family Chyderidae | |
' Chydorus sphaericus ' r o+ + s ¢
Alonella execisa ' + o+ = = &
Acroperus harpae - | O T
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Only 3 species of Chydorid Cladocera have been
recorded from this pond (Table-18b).

System=-XVIII s

The data on the analysis of physicochemical factor
have been recorded in Table-=19a. The water temperature vwas
found to vary between 12% 2290 and vas alvays less than that
recorded for air. pH showed very little fluctuations (6.00-6,40 )
vhile conductivity value varied ietweeﬁ 24,68 to 63.21 umhos/cm,
The range of variations in-the values of dissolved'oxygen,
carbon dioxide, alkalinity, phosphates, nitrates and silicates
vere 4.68 - 8,20 mg/l, 3.40 - 7.80 mg/1, 10.00 - 36.20 mg/1,
0.25 = 1,75 mg/l, 0410 = 0,70 mg/l amnd 4.27 - 7.02 mg/l

respectiively.

A total of 3 species belonging to Daphnidae, Bosminidae
and Chydoridae were recorded during different seasons as shown

in Table-19b,

System=-XIX 3

Results of the analysis of physicochemical factors
have been given in Table-20a. The seasonal ranges of variation
in the water temperature, pH and cénductivity values vere
12°- 24°C, 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/l, 2.80 - 12,20 mg/1 and 10.00-39-20 mg/1



Table=19a ¢ Showing the seasonal changes in the physicochemical
factors of System=-XVIII (August, 1976 to June, 1977).

Pactors

1976 17

19
Aug. Oct, Dec., Neb. Apl. dJune.

Temgerature Air
(°c) Water
pH (unit)

Conductivity (umhos/cm)
Dissolved oxygen (mg/l)
Carbon dioxide (mg/l)
Alkalinity (mg/l)
Phosphate (mg/1)
Nitrate (mg/1)

Silicate (mg/1)

21.0 17.5 12.0 17.0 20.0 22,0

6.30 6,10 6,20 6.40 5.00 6,20
36,23 24.68 38,85 43.41 63,21 61.21
8.20 5.68 6.12 6.88 7.68 4.58
5420 3.40 4.60 .7.20 6,60 7.80
12,00 10,00 19,60 31.00 32.80 36.20
0s37 0445 0.25 0.87 2,87 1.76
0:22 0,19 0:19 0,10 0,70 0.52
4427 5.09 5.27 4.39 T.02  5.27

Table=19b s Showing species composition and seasonal distribution
of Cladocera in SystemnXVIII (August, 1976~ June, 1977).

Species

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

Family Daphnidae

Scapholeberis kingi

Family Bosminidae

Bosmina longirostiris

Family Chydoridae

Ghydorus sphaerious

- - + 4 + -
- - - +* + +
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Table=20a 3 Showing the seasonal changes in the physicochemical
faoctors of System=XIX (August, 1976 to June, 1977).

Pactors Au;?'?%ct . _T]EO + Teb, . gzgl « dJune.
Temperature Alx 22:0 17.5 16,0 19.0 24.0 24.0
(00) “ Water 24.0- 15.0 12,00 15,0 21.0 22.0
pH (unit) 6.7 5.8 8.1 T.0 6.4 6.6
Conductivity (umhos/om) 35,18 30,98 60.90 65:20 67.20 67.30
Dissolved oxygen (mg/l) 6.80 5.60 9.12 8.20 6.32 6,40
Oarbon dioxide (mg/i) 3,20 2.80 4.00 4.00 12.20 9.30
Alkalingty (mg/1) 10,00 14.00 39.20 37.60 30.20 27.20
Phosphate (mg/1) 0,81 0,64 = 0.36 0.75 0.42
Nitrate (mg/1) 0.05 0.3% 0.11 0.21 0.43 0.39
Silicate (mg/1) 5627 3451 3.51  3.51 5.27 6.87

Table«20b ¢ Showing species composition and seasonal distributior

of Cladocera in System=XIX (August, 1976

« June, 1977)

Species

1976

1977

Aug, Oct., Dec. Feb. Aﬁ;.o June.

Family Bosminidae

Boamina longirosiris

Family Chydoridae

Chydorus sphaericus
Biapertura affinis
Pleuroxus similis

+ - -
+ S
- & -

L 2 -
L 4 L]
& o
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while the seasonal variations in the conesntrations of
phosphates, mitrates and silicates were O - 0.81 mg/l,
0.05 = 0.43 mg/l and 3,51 = 6.87 mg/)l respectively.

Total number of cladoceran species recorded were 4,

of which 3 belonged to Chydoridae and 1 to Bosminidae (Table-20D).

It may be pointed out here that Systems-XX to XXVIII
vere drained off for preparing them for fish culture in the
nonth of December, 1976 and vere refilled during the last
wveek of March, 1977. Hence no observations could be made in

these systems during those months.

System-XX 3

Results of the analysis of physicochemical faoctors
have been tabulated in Table~21a. The range of variations
obtained during different seasons were as follows
Water temperature s 15 - 20°0, pH ¢ 6,1 = T3 gonductivity:
38,28 = 70,25 mmhos/om, dissolved oxygen s 7.12 - 13.20 mg/l,
carbon &ibxide $ 4.0 - 12.2 mg/l, alkalinity 312.00 =35,20 mg/1,
phosphates ¢ 0.88 - 3.25 mg/l, nitrates s 0,18 = 0.90 mg/1
and silicates 3 1.75 =~ 5.27 mg/l.

The Cladocera fauna was represented by a single
mamber of Daphnidae and one member of Bosminidae, Chydoridae

were not recorded (Table-21b).
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Table<21a § Showing the seasonal changes in the physicochemiocal
factors of System=XX (August, 1976 to Junse, 1977).

Factors Ang.19%gt. Deo, Feb, 12;%. June.
Temperature Air 24,0 17.0 20,0 24.0

(00) Water 22,0 15,0 21.0 22.0
pH (unit) 7.3 6.6 6e1 6.4
Qonductivity (umhos/cm) 47.25 38.28 Systenm 70.25 49.90
Dissolved oxygen (mg/l) 13.20 7.12 ary To44 8.20
Carbon dioxide (mg/l) 4.00 4.40 9.60 12.20
Alkalinity (mg/1) 15.20 12.00 35.20 30,12
Phosphate (mg/l) ) 0.87 0.87 3.25 2.87
Nitrate (mg/l) 0.39 0,90 0.18 0.30
Silicate (mg/1) 1.75 1.75 5.27 5.27

Table=21b ¢ Showing species composition and seasonal distribution
of Cladocera in System-XX (August, 1976- June, 1978)

1976 *___;EZZLTF___-_
Species *  Aug. Oct, Dec, Feb, Apl. June

Pamily Daphnidae
S.capholeberis kingi + = Systen
Family Bosminidae dry
Bosmina longirostris + * +
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System=XXI 3

The results of physicochemical analysis for this
pond have been furnished in Table-22a. Water temperature was
found to be less than that of air end ranged between 16.5° to
22°C. pH ranged between 5.40 to 6350. Oonductivity value
fAuotuated between 38,85 = 67-31 mmhos/cm while variations in
the eoncentrations of dissolved oxygen, carbon dioxide,
alkalinity, phosphates, nitrates and silicates were 3.36 to
9.40 mg/1, 3.20 - 8.40 me/l, 17.6 = 58.00 mg/1, 0.40 -2.50 mg/1,
0.10 = 0.22 mg/1 and 3.16 = 6.85 mg/l respectively.

A total of 5 species of Cladocera were recorded of
which 1 belonged to Daphnidae, 1 t0 Bosminidae and 3 to
Chydoridae as shown in Table~22b,

Systemn-XXII 3

Data on the physicochemical faetors are shéwn in
Table=23a., Water temperature, pH and conducitivity values
differed in different secasons and thus the range of varia-
tions were 16.50 = 22°0, 5.60 = T7.10 and 54.71--108.15 muhos/
cem respectively. The variations in the value of dissolved
osygen, carbon dioxide and alkalinity were found to be
7.60 = 8.40 mg/l, 2.60 « 3,60 mg/1l and 15320 = 52.40 mg/l.

The dissolved mutrient substances such as phosphates, mitrates

and silicates varied from 0.20 - 0,50 mg/l, 0.11 « 0.23 mg/l1
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Table=~22a sShowing the seasonal changes in the physicochemiocal
factors of System-XXI (August, 1976 to June, 1977).

Factors 1976 . _ 1971

Aug. Oct.- Dec. Feb., Apl. June,

Temperature Alr 24.0 18,0 . 21.0 23,0

(90) Water 22;0 16.5 20.0 21,0
pH (unit) ~ 6:5 534 6.4 6.4
Conduotivity (umhos/em) 46,99 38.85 System 67.31 65.31
Dissolved oxygen {(mg/l1) 9:40 5,08 dry 3:36 4.48
Carbon dioxide (mg/1) 5:00 3;20 8.40 8.20
Alkalinity (mg/1) 17.60 17,30 58,00 39,20
Phosphate (mg/1) ' 0.40 0,60 2:50 1.50
Nitrate (mg/1) - 0,18- 0522 0:10 0.20
Silicate (mg/l1) 3.27 3316 6.85 5.27

Table=22bsBhowing species composition and seasonal distribution
of Cladocera in System<XXI (August, 1976 to June,1977).

Species 1916 W7

Aug: Oct: Dec. Feb, Apl. June,

Family Daphnidae

Simocephalus exspinosus * * ] & -
Family Bosminidae

Bosmina longirostris & 4 System -
Family Chyderidae . . dry

Chydorus sphaericus & * + *

Biapertura affinis + * - -

Pleuroxus sinilis

LK
+
e
i
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Table~23asShowing the seasonal changes in the physicochemicel
factors of SystemsXXII {August, 1976 to June, 1977).

Factors 1976 ATK _aT7

Augi Oobi Deci Febi Apli June.

Temperature Air 20,0 18.5 21.0 23,0
(00) Water 22,0 16,5 20,0 22.0
pH (unit) T¢e1 546 7.1 649
Conductivity (umhos/om) 54471 42,00 108.15 97.58
Dissolved oxygen (mg/1) 8480 7.60 8,40 B.48
Carbon dioxide (mg/1) 3.20 3.00 3,60 2,60
Alkalinity (wg/l) 16,40 15.20 80,40 52,40
Phosphate (mg/l) 0.50 0.32 0.50 0,20
Witrate (mg/1) 0.11 0,11 Q.16 0.23
Silicate (mg/l1) 3.76 3451 5627 387

A

Table=23b ¢ Showing species composition and seasonal distribution
of Oladocera in System-XXII (Augusi; 1976 to June; 1977)

1976 - 1971
Augs Octs Deos ¥ebe Apls June.

Species

Family Bosminidae
Bosmine longirostris - + + +

Pamily Chydoridae
Chydorus sphaericus + + * *
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ang 3,51 = 5,27 mg/l respectively.

Only 2-species of Qladocera belonging one each to
Bosminidae and Chydoridae were recorded (Table~23b).

System«XXIII ¢

The physiocochemical data have been furnished in
Table~24a. Water temperature range during different seasons
was 17°~ 24%, pH and condﬁotivi%y varied between 5.40-7.35
and 38.33 « 78.96 mmhos/cm, Values of dissolved oxygen,
carbon dioxide and alkalinity fluctuaxed within the range of
3.32 = 12.00 mg/l, 2.40 = 8.80 mg/l and 16.80 = 33.42 mg/l
respectively. The concentrations of phosphates, nitrates and
silicates varied from O - 5,00 mg/l, 0.2 - 0.25 mg/l and.
3451 = 6.85 mg/1l respectively. ‘

2 species of Daphnidae, {1 species Bosminidae and
1 species of Chydoridae were recorded from this pond
(Table-240). |

SystemsXXIV

Physicochemical data recorded in Table=25a shows
that water temperature ofifhis pond varied within the range
of 15.5% 23,00°0. pH and conductivity value ranged from
6.2 = 79 and 42,53 = 87,17 mmhos/em respectively. The

variations in the values of the rest of the factors were
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Tablow24a s Showing the secasonal changes in the physicochemical
faotors of Bystem=XXIIX (August, 1976 to Juns, 1677).

e o "~ o

L

P

Faotors Augj?g%t. Pea, TIW%‘\W“
Teupoerature Aly 20,0 17.0 22,0 24.0
(00) Water 2300 15.5 21.0 2205
pH (unit) 7435 5.40 6420 6440
Conduetivity fumhos/cm) 67.93 38,33 SYSB 95,96 59,96
Dissolved oxygen {(mg/1) 12,00 7.32 adxy 3,32 7.68
Carbon dioxide (mg/1) 2,40 4,20 8480 7.56
Alkalinity (ma/l) 20.20 16.80 48,40 33.42
Phosphate (mg/1) «  0.50 5400 4.50
Nitrate (mg/1) 0,20 Q.14 0.25 0.22
Silicate (mg/1) 3487 3451 6.85 5.27

Table=24b s Showing speaies ocomposition and seascnal distribution
of Cladooera in System«XXIII (August, 1976-June, 1977) .

Species Augs. Oot. Decs Feb. Apl. June
Family Daphnidage
S8capholeberis bingi - e * -
Simocephalus exspinosus -+ TS - -
System
Family Bosminidae
. Bosmina longirostyis - dry + +

Family Chydoridae
Chydoxrus sphasricus ¢ @ + 3
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Tablee«25a : Showing the seasonal changes in the physicochemical
factors of System=XXIV (August, 1976 to June, 1977).

Faotors Aug, 1332. Dec, Feb, lgzz June,
Temperature Adx 2140 17.5 230 26.0

oC Hater 22,0 15.5 22,5 23.5
pH (unit) 7.90 6.20 6.40 6.50
Conductivity (umhos/cm) 55,22 42,53 System  87.15 76.60
Dissolved oxygen (mg/l) 14,80 4.80 dry 6.72 8.60
Carbon dioxide (mg/l) 1.00 2.40 5.60 4.20
Alkalinity (mg/1) 17460 1720 47+80 29.20
Phosphate (mg/l) 0.34 0,18 1.63 0.92
Nitrate (mg/l) 0.15 0.16 0.40 0.39
Silicate (mg/l) 3421 4.56 5.27 5.25

e 3

Table=25b ¢ Showing species composition and seasonal distribution
of Cladocera in System=XXIV {August, 1976 - June, 1977)

1976 19771
Aug.‘ Octm Dee. Feb, Apl. June,

Species

Ps o

Family Chydoridae

Chydorus sphaericus + + System +
Biapertura affinis * - - -
Pleuroxus similis + + dry * *
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as follows 3

Dissolved oxygen ¢ 4,80 - 14.80 mg/l, carbon dioxides 1.00«5.60
mg/l, alkalinity s 17.20 « 47.80 mg/l, phosphatess 0,18~1.63
mg/1, nitrates 3 0,15 - 0.40 mg/1l and siliocatess 3.21-5.27 mg/l.

3 species of Chydoridae represanted in cladooeran
fauna (Table«25b).

System=XXV s

Data on the analysis of physicochemical factors ﬁave
been given in Table-28a. With the. exception of August, 1976,
water temperature was always lower than that of alr and
varied from 17°~ 22,5°0. pH and conductivity values were
5.70 « 7,60 and 58,28« 96.60 mmhos/cm. While the range of
d;ssolved oxygen, carbon dioxide and alkalinity vere 6.48 to
9.20 mg/l, 2.80 = 4,40 mg/l and 20,00 - 54.20 mg/l respectively,
the data on the dissolved phosphates, nitrates and silicates
varied within their respective ranges of 0.66 « 2.75 mg/l,
0,10 = 0.15 mg/1 and 3.87 = 7.37 mg/l."’

2 species of Chydoridae belonging to the genera
Chydorus and Pleuroxus were recorded from this pond (Table-26b)

System=XXVI 3

Physicochemical data is given in Table=27a and the
range in the fluctuations during different seasons have been

e
o~
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Table~26a 3 Showing the seasonal changes in the physiooohemical
factors of System~XXV (August, 1976 to June, 1977).

Faetors 1976 1977.
B Kug. Oot. Dec. Feb. 'Aéil*ﬁhne.
Temperature Air 21.0 22.0 21.0 23.0
(00) Water 22,0 17.0 20.5 22,5
pH (unit) , 7.60 5.70 6.60 6,60
Conductivity (umhos/cm) 72,98 58,28 System 96,60 78,98
Dissolved oxygen (mg/l) 6,80 8,96 ary | 6,48 9.20
Oarbon dioxide (mg/l1) 3,60 2,80 4.40 2,80
Alkalinity (mg/1) 28.,0C 20,00 54.20 35,24
Phosphate (mg/1) - 0.63 0,66 2.75 0,97
Nitrate (mg/l1) 0.15 0.10 0:10 =
Silicate (mg/l) C 3.87 4.74 737 5.27

Table~26b $ Showing species composition and seasonal distribution
. of. Cladocera in Systeom-XXV (August, 1976-June, 1977)

1976 . __.__JS.ZZT___.__
Speoies Aug. Octe. Dec. Feb, Apl. June.

Pamily Chydoridae
- Chydorug sphaeriocus * + Systenm ¢ +
Pleuroxus similis s + dxy + -
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Table=27a ¢ Showing the seasonal changes in the physicochemioal
factors of System-XXVI (August, 1976 to June, 1977).

Factors Aug, 1 Z{. Ts6, TFeb, 1%;2. June.
Temperature Air 22.0 22,0 21.0 23%.0

(°0) Water 23,0 20,0 22,0 23.0
pH (unit) 6.90 5.60 6430 6.50
Conductivity (umhos/cm) 57.75 41.48 87.05 59.60
Dissolved oxygen (mg/1) 9.40 6,48 SYBTR 5,60 8,40
Carbon dioxide (mg/1) 3.00 3.40  dxy 6,00 4.80
Alkalinity (mg/1) 16,40 17.60 44,80 22.80
Phosphate (mg/1) 0.75 0.25 1.88 0.92
Nitrate (mg/1) 0035 0.37 0.39 0.32
Silicate (mg/l) 1.41 1.41 8,78 5.62

Tabie=27b § Showing species gomposition and seasonal distributior
of Cladocera in System=XXVI (August, 1976~ Junse, 1977).

Species 1976

1977

Aug. Octe S0, Fob, Aple June.

Family Daphnidae

Seapholeberis kingi - + * -
Family Chydoridae Systen
Chydorus sphaerious + + dry + +
Pleuroxus similis + * i -
Acroperus harpae - <* -
Camptocercus augtralis - - 4+ ¢
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as follows

Water temperature 3 1f - 2300. pH ¢ 5,60 - 6,90, conductivitys
41.48 « 87,05 nmhos/em, dissolved oxygen ¢ 5.60 - 9,40 mg/l,
carbon dioxide s B.00 « 6.00 mg/l), alkalinity §17.60-44.80
mg/1, phosphates 3 0.25 - 1.88 mg/l, nitratess 0.32-0.39 mgzl,
and silicates 3 1.41 - 8,78 mg/l.

Cladocera fauna of this pond has been represem ed by
4 species of Chydoridae and 1 species of Daphnidae (Table=27b).

System=-XXVII 3

Data on the physicochemical factors as given in
Table=28a shows that the water temperature, pH and conductivity
fluctuated within the range of 17% 23°0, 5.60 - 8.10 and
1470 - 112.15 mmhos/cm respectively. The seasonal fluctuations
of other fagtors were as follows 1
Dissolved oxygen s 6.88 - 10,40 mg/l, carbon dioxides 2,20 to
3.80 mg/l, alkalinity s 27.20 - 115.20 mg/l, phosphates s
0.63 - 1.38 mg/l, nitrates ¢ 0.05 - 0,32 mg/1 and silicates 3
2.11 - 5.62 mg/1. |

2 species of Chydoridae, 1 species of Daphnidas and
1 species of Bosminidae were recorded from this pond as
shown in Table«28b.
System=-XXVIII

The data on the analysis of physicochemical faoiors
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Table=28a 3 Showing the seasonal changes in the physicochemical
factors of System=-XXVII (August, 1976 to Junse; 1977).

1976 1911

Pactors Bug, Oct, Dec, Feb, Apl. June.
Temperature Air 22,0 20,0 20.0 23.0
(°0) Water . 23,0 20.0 22,0 22,0
pil (unit) 6480 5.60 goyon 8.10 7.20
gonductivity (umhos/cm) 100,38 86410 147.00112.15
Dissolved oxygen (mg/1) 8.80 6.88 Y 8.40 10,40
Carbon dioxide (mg/l) 2.80 3,80 - 2,20
Alkalinity (mg/l) 28.40 27.20 115.20 86.60
Phosphate (mg/]-) 0.63 1.88 1.38 1.22
Nitrate (mg/l) 0.15 0,05 .30 0.30
‘Silicate (mg/l) 3.87 2411 4,21 5.62

Table«28b 3 Showing species composition and seasonal distribution
of Cladocgra in System=XXVII (August, 1976«~June, 1977).

.

1976 - 1977
Aug, Oct. Dec. Feb. Apl. June.

Species

Pamily Daphnidae

Simocephalus exspinosus + + - -
Family Bosmianidae System
 Bosmina longirostris + + + -
Family Chydoridae dry
: Chydorus sphaericus + » » +

Biapertura affinis + + - +
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Table~29a 3 Showing‘the seasonal changes in the physicoohemioal
factors of &ystem-XXVIII August,.1976 to June, 1977) .

1976 _ _ . 1971

Factors o Bug. Oof. Decs Feb, Apl, June .
Temperature Aix - 22,0 22.0 A 22.0 24.0
&Oe) - Wamer 2250 20.0 - 21,5 22.0
Conductivity (uihos/om) 175(00 90,83 SYS¥em 95,02 70,02
_Dissolved oxygen (mg/l) = 15.60 9.04 dry = 8.88 10.00
Carbon dioxide (mg/l) 3,00 4,80 | 6,40 2,80
 Alkalinity (mg/1) 22,00 21,20 ; 59.20 35.12
Phosphate (mg/1) 0.65 0.86 2,75 1.92
Nitrate (mg/1) 0425 115 ~ 0.22 0.28

Sildcate (mg/1) 3.27 2:28 7490 6.28

Tab1e~29b H Showing species gomposition and seascnal distribution
- of Cladocera in.SvstemrXXYIII (August.1976ﬂJuns.1977)

Species '
Family Bosminidae .
Bogmina 1ongirostris R 2 +* ey --
, ‘ ' System
Family Chydoridae’ - |
- wChydorus sphaericus L + dry + -
. Biaperture affinis - + “© 1 -
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have been furnished in Table-29a, Water temperature varied
between 17°- 2200. pH and conductivity values ranged from
5,60 - 7,35 and 70,02 ~ 115,00 mmhos/cm, Concentration of
dissolved oxygen, carbon dioxide and alkalinity ranged from
8.04 - 15.60 mg/1l, 2,80 = 6,40 mg/3 and 21,20 ~ 39.20 mg/l
respectively. The range of variations in the nutriente such
as phosphates, nitrates and silicates were 0,65 ~ 2,75 mg/l,
0.25 - 1,15 mg/1 and 2,28 - 7,90 mg/l1.

Cladocera fauna was found to be represented by

1 member of Bosminidae and 2 species of Chydoridae (Table-29h),

System«XXIX ' y
The data on the analysis of physicochemical factors

are presented in Table~30a, The winter temperature was alvays
more than that of ajr and ranged between 11,58~ 24°C, pH and
conductivity value were found to range between 6,16 - 6,87
and 32,35 = 80,34 mmhos/om. Values of dissolved oxygen, carbon
dioxide and alkalinity varied from 5,83 ~ 10,11 mg/l, 3.35 to
7445 mg/l and 11,10 ~ 32,64 mg/1l respectively, The range of
variation in the nutrients such as phosphate, nitrate and
silicates varied between 0.58 - 2,86 mg/l, 0,15 - 0,99 mg/l
and 2.33 ~ 7,24 ng/l.

7 specles of cladoceran species were recoxrded from

this pond of which 2 species belonged to Daphnidae, 1 to

Bosminidaee and 4 t0 Chydoridae (Table-300b).
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Table-=30a 3 Showing the seasonal changes in the physicochemical
factors of System=-XXIX (August, 1976 to June,1977).

Factors Augawggt. Peo. Febs 131’? "Tune.,
Temperature Adr 24:0 22.0 14.5 19.0 21.0 22.5
¢oQC) Water 24;0 200 11.5 15.0 18.5 21.5
pH (unit) 6:30 6:18 6.16 6:40 6.87 6,41
Conductivity (umhos/cm) 40,04 32.35 39.95 64.23 80,34 39.06
Dissolved oxygen (mg/l) 10,11 7:89 8,37 5.83 6.09 8,23
Cerbon dioxide (mg/1) 7413 3:35 7T.45 5.00 5.40 5.40
Alkalinity (mg/1) 29487 11310 14.20 21420 32.64 23.35
Phosphate (mg/l) 0.58 1:46 0.73 0.63 2.86 178
Nitrate (mg/1) 0.15 0:38 0,79 0.25 0499 0,70
Silicate (mg/1) 3095 3:43 Ts24 3.22 3.62 2.33

Table-30b s Showing species composition and seasonal distributiox
of Cladocera in System=XXIX (August, 1976« June, 1977).

]815 i 1
Syecies Uge VO JEC, Feb. AD « dJune,

Family Daphnidase

Seapholeberis kingi + + + - - -

Simocephalug exspinosus - - - - - +
Family Bosminidae

Bosmina longirostris ¢ + - < + +
Family Chydoridae

Chydorus sphaerious + * ¢ + + +

Alonella excisa - - - * ¢+ -

Pleuroxus similis - + % - - -

Aoroperus harpae - + - - - -




PLATE-XTV

Camera lucida diagrams of

a. Daphnia lumholtzi (parthenogenetfc female)
bes Daphnia lumholtzi (male)

c. Daphnia sp.

d. Ceriodaphnia eornuta

e. Scapholeberis kingi

f. Simocephalus serrulatus

g+ Simocephalus vetulusg

h, Simocephalus exspinosus
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PLATE-XV
Camera lucida diagrams of 3

a. Sida crystallina

b. Diaphanosoma excisum

¢, Moina micrura (parthenogenetic female) -
d. Moina micrura (male)

e, Macrothrix laticornis

f. Ilycryptus spiniferx

g. Bosmina longirostris




PIATE @ XV




PLATE-XVI

Camera lucida diagrams of :
a. Chydorus sphaericus
b. Pseudochydorus globossus

Cce Biaperiura affinis
d. Camptocercus australis

e. Pleuroxus similis

f. Acroperus harpae

g. Alonella excisa

h. Alonella nana

i. Alona sp.

j. Leydigia austiralis ceylonica
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During the present investigations a tofal of 29
aquatic habitats have been surveyed and the results are
presented herewith., The main objective of this survey is to
understani the physicochemical milieu of these systems with
special reference to the cladoceran 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 physicochemical factors studied during
this investigation are size and depth of ponds, temperature,pH,
electrical conductivity, dissolved oxygen, free carbon dioxide,
alkalinity, phosphate, nitrate and silicate as summarised in
Table-31,

In view of their proximity to each other and as
evidenced by semewhat similaxr physicochemical 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 minimum of
22,00 to a maximum of 23800,00 sq m., Inspite of this wide range
of diversity of size, no definite size-dependent variation in
physicochemical 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 physicochemical properties
of the surface waters. In the present context, all the systems

thus being of more or less same nature and origin, effects of
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depth and size was probably better refleocted in the cladoceran

fauna than in the quality of water.

The water temperature generally ranged between

8% 12°C in Deocember/February to a maximum of 22° - 24°C
during June/August (Table~31), thereby sﬁbwing an extensive
range of about 16°¢ during the annual oycle, This range of
temperature coupled with rainfall and humidity makes it possible
10 divide the annual cycle into more or less four seasons namely,
Spriﬁg (March - April), Summer - Rainy (May -~ August), Autumn
(September - November) and Winter (December - February). However,
due to the variatiors in the exact onset of monsoon, there is
slight overlap in the range of different seasonés The present
conditions observed in these altitudinal ponds are unlike

those of Indian plains where only minimum seasonal variations
in temperatgga are noted as in other tropical situations
(Ruttner 15%;. Michael 1968, 1969, Vijayaraghavan 1971, Nasar
and Dutta="Munshi - 1974)« A lack of wide temperature 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 water 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. R;déﬂtly Prabhavathi and Sreenivasan ( 1977) vwhile
dealing with: the ecology of warm water gooplankton in 28 ponds
and lakes frbm 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 Squibb 1971,
Anderson 1971, Forsyth and MecColl 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 somevhat 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 within a range of 5,50 - 6.90, There were
occasional shifts towards 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 (Loce cit.) a general pattern of

alkanine pH with moderate to higher alkalinity is noted as
classified by Prabhavathi and Sreenivasan (1977). The Shillong
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ponds, on the pther hand, appear to fall under the slightly
acidic category characteristic of low productive waterbodies
(Hutchinson 1957). Electrical conductivity values of these
impoundments were again low ranged between 14.70 -126.00
pamhos/cm with a single exceptions 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-1,Fig.-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 peached a significantly low level of conductivity
values, A similar situation has been reported from Nilgiri Hills
of South India (S;eenivasan 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 vhich is relatively older, the conduotivity value
ranged from 79.50 to 173.00 mmhos/cm vhich has also a thick
middy bottom with heavy macrophytic growth showing a shift

tovards eutrophication.’

Dissolved oxygen ranged between 3,20 - 15,60 mg/l in
the different ponds, This variation is in part due to difference
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
oarbon dioxide coneentratlon in the surveyed ponds ranged
’between 1,09 - 18,00 mg/l and yas ‘recorded on all occasions
suggeeting'e low utiliseiion of this compeund for aigai
productien; whereas in other parts of India complete absence
of carbon dioxide is often recorded suggestive of higher algal -
production (Michael 1968, 1969, Vijayaraghavan 1971, Nasar and
Dutfa—Munshi 1974; Prabhavathi and Sreemnivasan 1977). Anderson
(i971 +1974) on the other hand, recorded from fgw alpine,
subalpine and mountain lakes and ponds from Canada, the
presence of earbon dioxide throughout the season., However, a
detailed d;urnel study of the”cerbon dioxide ‘dynamics may
reveal a better picture of its utilisationlin these systems;
With one exception, the total alkal;nity'values.ranged between
7'60 = 58900 ng/l with the total absenee'of'carboneté’aikalinity
‘and only bicarbonate contributing to these values. These low
values ofAtotai alkalinity due to bicarbonate only, ere
indicative of a high free carbon dioxide = low pH -iow
alkalinity buffer system prevalent in these waterbodies, But
“in System—XXYIII. which is a flsh pond, a maximum alkalinity
of j15.20 mg/l vas noted following the addition of lime, In |
the light of the above findings with low alkalinity values

and acidie pH, 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, Nasar and Dutta-Munshi )974).
they are -not altogether uncommon from the hill areas
(Sreenivasan 1968). b///

The phosphate concentration in these ponds was generally
high and ranged from O to 2.0 mg/l1 in majority of the surveyed
systems though the highest value recorded was 5.5 mg/l. 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). This shallow depth combined with
a higher rate of evapbtranspiration can be one of the plausible
reasons for the enhkanced phosphate concentrations., Moreover,
in some of these impoundments phosphate concentration could
have remained high due to yearly fertilisation with Superphos-
phates and occasional addition of cowdunge Further, Shillong
planteau is situated adjacent to lime mines where lime stone
containing pebhles of phosphate can occur as shown in Florida
waters by Reid and Squibb (1971). This might result in higher
concentration of phosphate in these neighbouring staguant
vwater bodies. However, direct geochemical evidences are needed
10 establish this relationsbip. Phogphate being one of the
important ingredients of algal metabolism, its higher
oconcentrations in these waters is (algo suggestive of low

Gtilisation by algae. Nitrate concentration was 0,00 =1.00 mg/l
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1n majority of the ponds though 8till higher values were
recorded at certain instances.. Systemwll showed a range of
135 = 3,50 mg/; which is the highest value recorded. This
pond was régularly fertilized.by covdung. Ricebran and Oil-
cake were also added at intervals as supplementary feed fori

the stocked fishes. It is thought that the addition of these

fertilizera is undoubtedly responsible for this high value.

A cOmparlson with other Indian wvaters shows thax the nitrate

'lvalues recorded in the present studies seenm to be higher ‘than

- that of most systems in the ‘plains of India (loo.cit Yo

Silieate content in the present studies ranged between
1.41 - 15, 80 mg/l. Though’ 15.80 mg/l Was the maximum valug,
28 ‘out ef 29 surveyed ponds had an upper limit of less than’
10,00 mg/l. In general. other Indian habitats show a

: comparatively higher value of silicate concentratlon (1oc.cit )e
*The single systen mentioned above with 15,80 mg/l is fed by an
'iunderground Sp;ing which may be. responsible for the higher '

concenxration. As silica conxenx ds known to be mainly dependanx
on the geoloay of the Watershed and the substraxum, the |
differenoes between these systems and those of other parts of
India can be attributed to oorrequnding substrate differences.

'VFurther('sudh'vaxiations in silicate content in aquatic systems
‘may also be due to blotic activities such as the presénce of

' diatoms ‘within a given water body (Buttner 1965“}Hntchinson
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, high
conductivity, alkalinity and silicates and low concentirations
of nitrates and phosphates typical of impoundments 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 to0 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 arewvery shallow in nature with a few exceptions,
Nevertheless, as discussed above, the geological, meteorological
and altitudinal factors.also make them differemnt from the
impoundments from other parts of India. As such, they can be
categorized, .in general, as *cold polymioctic' type of lakes,

a term coined.by Hutchinson and Léffler (1956) which includes
tropical mountain lakes that have almost a contimious thermal.
circulation., This teyminology, though broadly applicable to
these. shallow ponds, it is basically to define large, deep

lake systems and hence il seems more appropriate to include
them under the category of ‘'subtropical' type of aquatic systems
as generalized by Rutiner (1965) for habitats in the
neighbourhood of tropics. Such a view point also justifies the

the intermediate nature of these systems in terms of moderate
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temperature regimes and their location at an equally moderate
altitude,’

l In the present studies Brook®'s (1959) classification
of the order Cladocera has been broadly followed who divided
this group into two suborders, Haplogodaiand Bucladocera with
a total of 8 families. Recently the gene;a Moina and

Moinodaphnia have been grouped under a separate familﬁ Moinidae
bthoulden (19%8). FPor the present purpose this new family has
been included with Brook's olassification thereby bringing the
total to 9 families¢ In Indian a total number of 8 families
have been reported so far with approximately 90 species (Michael,
unpublished). In the present 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'each in Macrbthricidae and Sididae while Bosminidee and
Moinidae were ;epresented by one species each, Such a
preponderance of merbers of the family Chydoridae was also
observed in Andhra Pradesh in South-Eastern India where 15 out
of the total of 23 species belonged to Chydoridae (Michel,
unpublished), Eight species of Chydoridae and 8 species of
Daphnidae were recorded from Nainital in Northern India
(Michael, unpublished), Biswas (1971) reported 14 species of
Chydoridae from the state of Rajasthan in the North-Western
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 al (1969, 1970) from Lake Alpather and other Kashmir
lakes sftuated at an altitude of more than 12,000 £t showed

a falr representation of chydorid fauna. However, the Dal Lake
of Kashmir (Das and Akhtar 1970) is reported to have only

7 species of Qladocera belonging to the suborder Bucladocera
of which only 2 belonged to €hydoridae, The chydorid dominance
vwas also reported in the recent faunal list of Cladocera from
Shillong (Patil 1976). When Quotient of Similarity (QS)
(Sgrensen 1948) was worked out between the earlier species lists
and the present study, no strong resemblance emerges

(QS: Ca 0.40) (Table=32), although Kashmir fauna as reported
by Brehm (19%6) shows relatively higher similarity index with
present findings (QS: 0.44). The higher similarity index of
Kashnir faund 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).

ItAis 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 beem seen
that practically no significant difference is met with in the
faunal composition of different systems as they have more or
less éhe same physicochemical oﬁaracteristics but for a few
exceptions (Table-31). Moreover, their location within a total
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area of 5 - 10 Km makes it unlikely to have any, significant
effect on the species composition as seen from the lists of

Cladocera,

Temperature has been suggested as an important factor
in the regulation of phyto and zooplaﬁkton populations (Patalas
1965, Asch and Kingsbury 1972, Taylor 1972). However, the slight
variations in temperature ( 1°- 2°C) between the different
systems during the present study is unlikely to change faunal
composition though temperature has its own influence on these
cladoceran populations. The pH ranges differed very little
between the gystems and is of little consequence to the
cladoceran species composition, although Carter (1971) found a
relationship of pH to the ocourrence of three species of
Crustacea. DeCosta (1975), on the other hand, did not observe
any such relationship between the hydrogen iron concentration
and the Cladocera in Cheat Lake, USA, Studies of Kring and
O0'Brien (1972) showed that under prolonged exposure to altered
pH levels Daphnia adapt themselves efficiently under 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/l in all the systems and hence could not bhave
had a limiting effect on the cladoceran species, although
laboratory studies of Cormi and Strainer (1976) have revealed
that a concentration below 3 mg/l influence the feeding rate
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in Daphnia . It has been pointed out that carbon dioxide is
seldom of value to evalute the limiting effects in aquatic
habitats (Schindler 1971). However, both carbon dioxide and
alkalinity are well known to influence the phytoplankton bloom
which in turn could affect the zooplanktonic microcrastacea
(Michael 1965, 1968), since mimute phytoplankton and epiphyton
from the food of these organisms (Vass and Van-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 cladoceran 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, lLannergren 1975) although the concept of absolute
limiting effeot of any of these mutrients is probably not easy
to assess on any grouwp of organisms (Lamergren 1975). However,
Asch and Kingsbury (1972) established an inverse correlation of
nitrate<nitrogen and phosphate to the cladoceran and copepod
populations’. It seems evident that while these various
physicochemical factors could influence the physiology and
metabolism of Cladocera, their role on the gspecies diversity
and distribution cannot be established for certain from the

present sgudies, *

Among the 23 cladoceran species listed here,. Chydoridae
was the nmumerically dominant group. Of the 10 chydorid species
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Chydorus sphaericus was recorded in 26 out of the 29 poﬁds.

This shows that they are evidently the most adaptive species to
a variety of habitats, inspite of each lake or reservoir being
unique with its own chemical, physical and planktonioc
characteristios as pointed out byfﬁgggg%} (196%) . Chydorus
sphaericug is also one of the most widely distributed species
(Caxl 1940; Patalas 1964, 1971) though it is often reported to
occur at low densities (Anderson 1971). In the present siudies
it was noted that this species often occurred in ponds which
were devoid of vegetation although many a times were found among
the littoral vegetation in other ponds, This was also noted by
Anderson (1971) who, therefore, placed it as a limnetioc species
wi%hoﬁt differentiating it as ailittoral or planktonic form,
Fu;ther. in view of the small and shallow nature of most of
thése ponds Chydorus sphaericus could well be categorised as

a ;heleoplankton',a terminology used for species inhabiting
ponds (Hutchinson 1967). Occurrence of C.sphaericus in System~II
vhich was only a few months old raised en interesting question
about its~entxy as a sole cladoceran species which could be
acoldentally seeded by agencies such as mammals or birds as
suggested by Maguire (1963), Proctor (1964) and Anderson (1971).
‘Distridbution and occurrence of other species of Chydoridae like

Alonella nana, Alonella excisa, Pleuroxus similis, Acroperus

harpae, Camptdcerous australis, Biapertura affinis and Alona spe.

vere always confined to the littoral vegetation which they
apparently use both for food and shelter., Absence of Chydoridae
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from System~III which was completely devoid of any vegetation
adds additional support pointing towards their littoral habit.
It is likely that the negligibly low number of weed fishes

in these ponds could have also favoured their successful
growth as the former are kmown to prey ypon the (Cladocera
(Korinek 1959, Broocks and Dodson 1965).

Among the Bosminidae, Bosmina longirostris is an

widespread species (Brandlova et al 1972, Oarter 1971,
Anderson 1974) which appeared in majority of the ponds under
study, Its appearence generally coincided with the fertilisa~
tion of the ponds suggesting its preference to eutrophicated
vaters as was observed by Edmondson et al (1956 and Zago (1976)
who considered this species to be an indicator of trophic
status, Moina micrura,on the other hand appeared in System-~III

and IV, Both these systems have greater limnetic regions and
depth which oould have been respcnsible 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 respomnsible for theiry -
disappearence (Brooks and Dodson 1965), though one another
factor could explain the absence of Moina is the high phosphate
content which is kmown to have a limiting effect (Asch and
Kingbury 1972). The members of the Macrothrieidae are generally
believed to be benthic in their havit. In the present study

Macrothrix laticornis- appeared ivi a shallow weedy pond where

there was practically-no limmetic zone. Ilyocryptus spinifexr

was another macrothriéid species which appeared in two ponds
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whose bottom were of a muddy nature, It, therefore, seems that
the distribution of both these species appears to be regulated
by the nature of the bottom. These two ponds with comparativély
turbid waters and being older than those of other systems
evidently served as ideal habitats for these creeping forms
(Fryer 1974).

X

Family Daphnidae was the second dominant group which
was represented by Daphnia lumholtzi, Daphnia sp.,Scapholeberis

kingi, Ceriodaphnia cormuta and 3 species of Simocephalus

namely S. exspinosus, 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 wveekly intervals, these species were recorded for

only a .very short duration. Daphnia lumholtzi developed

significant numbers in the month of April 1977 and their
morohology showed considerable variations suggestive of
cyclomorphosis (Green 1967), The lake in which Daphnia
lumholtzi occurred, being the largest with open water seems
t0o have served as a suitable habitat for this species. 1t may
also be said that this lake has a dense population of the
conmmon carps (Cyprinus carpis carpio L).along with other
indigenous species of carp, While the alteration in the helmet

length (yide infra , Part-II) could be atiributed to the rise
in temperature in keeping with the classical buoyancy theory
(Wesenburg-fund 1926, Wolterect 1943), it is equally tempting
t0 hazard the predation theory of Brooks and Dodson (1965) to

/
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explain the phenomenon in view of these dense carp populations.
However, more work is needed in this direotion in view of the
differing opinions put forth to explain helmet formation
(Wesenburg-Lund 1926, Brooks and Dodson 1965, Hebert 1975).
Appearence of Daphnia sp. in System=XII only for a briq# period
is also of considerable interest. Aquatic birds were introduced
into this ponds for recoreational purposes and hence the appear-
ence of this species Seems to be a chance occurrence having
been seeded by these migratory birds which are known to caxry
resting eggs or ephippia of Cladocera (Proctor 1964, Anderson
1971) . This viev is further sirengthened by tﬁe fact that though
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. Purthermore; this species does
not resemble the two species of Daphnia appearing commonly in
India, Daphnia lumholtzi 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 their continued survival and prcpagation.
Scapholeberis kingi, a littoral species (Anderson 197%1)

appeared in 13 out of the 29 systems, This may be due to their
remarkable adaptation of hanging from the surface f£ilm of

water (PFryer 1956) and occupying the epineustic zone as a
result of which they face the least competition for existance

at the airswater interface. Ceriodaphnia
t0 have a limited distribution in Shill

cornuta also appears
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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 (Michael 1962, Murugan ;§;§). It
is possible that the large size of System-IV could have offered
a suitable environment for this svecies. Among the 3 species

of Simdcephalus, §,exspiﬁosus which occured in 11 ponds vas

invariably found to inhabit the thick submerged weed beds of
Rotala rotundifolia and Ammania multiflora. The other two

species, 8. serrulatus and S. vetulus 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
largeiy controlled their presence or absenceﬁin 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 where two or more species of the same genus
appeared, one of them always seems 10 dominate in population
density as already observed by Zago (1976).

It is apparent from Table-~31 that when these systems
are arranged in an ascending order of size, the highest number
of Cladocera is found to occur in the largest system namely,

Ward Lame. A similar size-dependant species diversity was

\D\%Q;b
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reported by Pemmak (1957) while studying the mountain lakes

of Colorado. Moreover, the Ward Lake being the oldest,
probably provides a relatively stable environment for the
growth of Cladocera. It must, however, be added that two ponds
of relatively small size (Systems-V and XXIX) also showed a
greater species diversity as compared to a few larger ponds.
This suggests that the species nmumber, 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 niches 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 brought 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
chydorid populations (Corni 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 deoclined in number while some of them even

totally disappeared (Vide infra, Part-II),



PART=-I

SUMMARY
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A survey was conducted of 29 altitudinal aquatic
ecosyatems in and around Shillong area in order to understand
their physicochemical milieu with special reference to the
cladoceran 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 nevWly dug pond,

The results obtaiQed 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 while the variation in depth ranged from 0.50 to
3.85 m, A vide temperature range of abvout 16°¢ was noted during
the annual cycle. The temperature regime seemed somewhat interme-
diate between the truly tropical and temperate situations. Four
seasons could be delimited based on temperature and humidity
though with certain degree of overlappling brought about by the

onset of monsoon.

With a single exception, all the rest of the systems

were acidic in nature with the pH varying between 5.50 0 6.90.
Occasional shifts towards alkaline range as a result of heavy
fertilisation vere evident though 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 fluoctuated depending upon differences in
sampling time while presence and the amount of carbon dioxide
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at all seasons seemed to be related to low algal productivity,
The low 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 brought about by artificial
fertilisation, shallow nature and close proximity to lime mines
as well as low utilisation by indwelling biota. Similarly the
lower silicate level in contrast to aquatic biotopes of Indian
plains probably indicate low utilisation through algae and due

to associated geological conditions,

ﬁasedrqn the present survey, it may be concluded that in

; gengral, 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 type of aquatic systems" following the classi-
fication of Ruttner (1963).

} total ef/23 species of Cladocera belonging to 6 ;am;lles
were recorded in the present study. 0f these 10 belonged %o the
family Chydoridae, 7 to Daphnidae and 2 each in Sididee and
Macrothricidae while Bosminidae and Moinidae contained one species
eachs This preponder?nce of chydorid Cladocera was similar to
the recent records from other parts of Indian plaing,.

No strong resemblance in terms of @5 (Sgrensen index) was



seen between the Shillong fauna and other Indian reports though
the Kashmir fauna showed a comparatively higher index value
when compared with the present findings. Further; no significant
difference in the faunal composition has been met within
different systemss Continued occurrence of certain species
through the season were apparently due to the suitability of

, the habitat. Concentration of oxygen in any of the systems
never reached the critical value reported to have any limiting

sianificanoe.

Chydorus sphaericus was the host widely distributed
species appearing in 26 out of the 29 systems surveyed. It made
it? appearence even in ponds completely devoid of any vegetation,.
Possibilities of the accidental seeding of C . gphaexricus .
through agencies like mammals and birds were also speculated
10 explain its presence in one of the systems. Other chydorid

species were restricted to weed beds.

The only bosminid species, Bosmina longirostris was
present in majority of thé systems and its appearence coincided
with the fertilisation of the ponds. Moina micrura was confined
to ponds with relatively deeper limnetic zones, Members of'
Macrothricidae were recorded in ponds with rich vegetation and

thick muddy bottom, while species of Simocephalus were striotly

confined to littoral vegetation, although other daphnid genera
like Daphnia and Ceriodaphnia appeared in impoundments with
larger limnetic zones. Appearence of a Daphnia sps 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, Scapholeberis kingi was the most widely
distributed daphnid in Shillong ponds.

Effect of manual removal of weeds on cladoceran fauna
was observed, Purther, usually nonoccurrence of more than one
9pecx§s of the same genus was noted, through when present, one
of ttfém always doninated. The different study ponds, when
“farranged in the ascending order of size, the largest harboured
the maximum number of species. However, the age 6f the impound-
ment also seemed to influence the species composition. Causes
for the relatively higher species diversity in a few small ponds
have been discussed, Lastly, appearence of larger number of
littoral species has been discussed in the light of their

vegetational associations,
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The status of cladoceran research in India is yet largely
confined to their {taxonumy and regional distribution as shown
earlier in the review of literature, Detailed studies relating
to;the biology of different species of Cladocera are still
laéking in India, The 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 Cladocera., Subsequently laboratory studies on
* the development and life cycles of Cladocera have been
undertaken in different parts of India (Michael 1962, Murugan
and Sivaramakrishnan 1973, 1976, Murugan 1975, 1975a, Murugen
and Venketafaman1977, Bhattacharya et al 1979). While the
above investigations were mostly confined to individual
cladoceran species observed under laboratory conditions, a
holistic approach of relating the laboratory observations
10 actual field situations is still a much felt lacuna.
Keeping this in view, the present work has been designed to
study the cladoceran species in three systems with varying
hydrography as well as with different vertebrate inhabitants.
These systems were 3 (1) Ward Lake, the largest among Shillong
lentic habitate with a relatively stable environment, stocked
mostly with common carp ( Cyprinus carpio); (ii) a small
cemented nursery pond totally devoid of any vegetation and
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(1ii) a pond with limited marginal vegetation and turbid
water into which both residential and migratory aauatioc
birds have been introduced.

This this Part of the present study deals with the
morphometry, vegetational associationé, physicochemical and
biological properties of these systems along with biolaglcal
aspects of the natural populations of Cladocera such as
seasonal occurrence and distribution, population structure,
size group composition,sex ratio . and fecundity 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 dynamiocs of natural
populations of Cladecera as obtained under different habitat

conditions,



PART~TT

MATERIAL AND METHODS
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The materials for the present study have been collested
from 3 freshwater impoundments within the town limits of
Shillong; The three systems chosen were (i) Ward Lake, a
permanent system stocked with large number of fishes mainly
the ocarps (ii) a small cemented nursery pond and (iii) a pond
within the Lady Hyderi Park., The last mentioned pond is
situeted in the precincts of a local zoo where a variety of
aquatic birds hgve been kept for recreational purposes, All
“these three systems were sampled every 8aturday between
08,00 and 10.00 houfs. Methods employed for the study of
merphomentry of these systems and the physicochemical
propefties namely, temperature; fH , conductivity , dissolved
oxygen, free carbon dioxide, alkalinity, phosphates, nitrates
and silicates have been detailed in Part-I.

Plankton samples were collected with the help of a
conical plankton net fabricated out of No.25 xxx bolting silk.
Pifty litres of water colleoted with the help of a plastic
bucket of 5 litre capacity was filtered through the net
squipped 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 5% . The sample was then lebelled, and
stoppered with a rubber stopper and carried to the laboratory
for fukther analysis. A qualitative sample was ecollected and
fixed in Iugol's Iodine solution for the indetification of
phytoplankton. This gross qualitative analysis facilitated
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easy indetification of phytoplankton during the study of
quantitative samples. Counting of plankton was dane with the
help of a counting cell of 1 ml capacity (Sedgwick-Rafter
model),

The preserved plankton sample in the test tube was
poared into a round botiom glass orucible, Organic debris
when present, were slowly lifted with the help of a pair of
forceps and washed in distilled water to dislodge adhering
organism, Usipg a wide monthed glass dropper, the sample was
thoroughly mixed up and a portion of this was pipetted into
the counting cell, A coverslip was placed diagonally so that
with the addition of sample 1t rotates slowly due to surface
tension and seals off the cell. A filter paper wes used to
remove éxcesé 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, For largexr zooplankton
the ehtire cell was scanned, while for the emmumeration of
smaller forms like rotifers, protozoans and phytoplankton,
only {0C out of the 1000 squares were counted. These squares
were, however, selected at random. Whenever an organism vas
in low numbers, counting was done in the entire cell. On
certain occasions, due to heavy bloom of phytoplankton, the
sample had to be diluted suitably to facilitate counting,
The results thus obtained were mgltiplied by the dilution
factor to arrive at the mimber of units/litre as shown belows

( No, ‘of organisms/100 squares) x 10 x a = No. of
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organis/litre were 'a' denotes times of dilution. In case of
filamentous and colonial 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 binocular microscape and an oculometer graduated
into 100 divisions of 10 u each, These size measurements when
arranged in an ascending order fell into size clusters
somewhat indicative of instars, Such groupings are not altogether
unknown and had been used for instar analysis in Cladocera
(Frey 1973). For categorising different size groups in the

present study, such size clusters were used wherever possible,

Pecundity study was made by counting actual number of
eggs in each female under the miocroscope., For caloulating
regression correlations a small computer (DCM, Microsystem
1120 model) was used. Similagity index was calculated following
Sgrensen index as detailed in Part-I,



PART-II

GENERAL DESCRIPTION AND PHYS IOGRAPHY OF SYSTEMS UNDER
STUDY
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The impoundments selected for the study of the

different biological parameters of cladoceran species weres

(1 WARD LAKE 3 This recreational lake is situated in

the heart of Shillong town, adjagént to the Shillong Club
complex on the one side and the Raj Bhawan on the other (Fig.2,
System=IV). This is an artificial lake, more or less semicircular
in shape (Fig.3). It was consttucted out of a marshy place

with two main underground springs by Sir William Ward, the then
Chief Cbmmissione; 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 underground spring vater., Total area of this lake
was 23800 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 333 m
and 75 m respectively. The average total volume of water was
80920 m3. Three inlets lead into this system while 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 (Fig.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
a8 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 esaterm side. The |

third inlet joins from the north-eastern side carrying the
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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 (Fig.3) near the dam (Iron bridge).

This lake has been extensively and successfully used
for fish culture by the Department of Fisheries, Government Qf
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 Chamna 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
80 that they cover the entire area of the lake, Thus Station-I
was located at the south-westernm cormer of the lake; Station-II
was located almost at the middle of the lake; Station~IIX on
the north-eastern cormer while Station-IV was located on the

south-~eastern cormer of the lake,

Station~I was approximately 1.0 m in depth and was
somevhat weedly. The vegetation associated with this station weres

Rotala rotundifolia, Nymphaea sp., Lindernia sp., Polygonum sp.,

Polygonum hydrbpiper, Oxalis corymbosa, Alternanthera sessilis,
Galinsoga parviflora and species'of Utricularia. u

Station-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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’ Station-III another weedy station was approximately
0,80 m deep with the associated vegetation such as Ageratum
conyzoides, Polygonum sp., Erigeron sp., Nymphaea sp., Bgﬁg;é
rotundifolia, Ischaemum rugosum, Polygonum hydropiper and
Ammania sp,

Station~1V was located on the isolated portion
resembling a somevwhat rectangular shaped pond. This pond was
53 m in length and 35 m in breath with an average depth of 0.80 m.
The total volume of water was about 1200 m3. This pond receives
the main inflow of water 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 ponds
Rotala rotundifolia, Nymphaea sp., Lindernia sp., Polygonum

hydropiper, Oxalis eorymbosa, Alternanthera sessilis, Galinosoga

parviflora and species of Utricularia.

(1D) FISH DALE POND 3 This is a small nursery pond located
in the Fish Dale complex of the Fishery Department, Government of
Meghalaya, at the Fruit's Garden locality (Fig.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 watér
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was 97.74 n’ while the total area was 102,88 sq m. During the
winter months water from a surrounding stream was drained into
this pond, The fish frys included mainly those of the common
carp (Cyprinus carpio), Before commencement of the present

envestigations, the pond was processed by liming and addition
of fertilisers like superphates and nitrates, It was inot
refertilized during the 18 months study period. This system was
totally devoid of any vegetation,

(111) LADY HYDERI PARK POND: This is an artificial impound-
ment situated inside the campus of Lady Hyderi Park located

at the Barrik locality (Fig.2, System=XII). This pond is
rectangular in shape with a flat bottom having 2 parts, one
being shallower than that of the other. Water glows 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 0,90 ms 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 wass

Rotala rotundifolia, Eragrostis gangetica, Ischaemum rugosum,

speclies of Digitaria and Agaretum conyzoidess
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This pond is utilized by the park authorities to
maintain aquatic birds for recreational purposes, This pond

was never used for fish culture purposes,
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%he following account deals with the physicochemical
and biological parameters of the lake and ponds invesiigated
for a period of 18 months at weekly intervals, However, the
weekly data have been compiled and represented as mean monthly
values, This present study commenced from the month of September,
1976 and coniinued {1ill February, 1978 extending over a total
periocd of 18 months, The information thus gathered has been
presented as the physicochemical and biological characteristies,
The biological properties have been dealt under the broad
categories of phytoplankiton and zooplankton and exeept for
Cladocera most of the other organisms recorded in this study

have been dealt with upto family/group level,

I. WARD IAKE s

A, PHYSICOCHEMICAL PARAMETERS 3
. In this system, four samplinrg stations have been chosen

and are referred to as WI, WII, WIII and WIV, The data obtained
from each station have been dealt with separately. The different
physicochemical properties included in this study were air and
water tgmperature, pH, lonic conductivity, dissolved oxygen,
free carbon dioxide, alkalinity, phosphates, nitrates and
Silicates. The results on the analysis of the above physico=-
chemical properties of the:bur'stations of Ward lake have been

presented in Tables-33, 34, 35 and 36 and depicted in Figs.4, 5,
6 and 7.

Temperature

Air s The seasonal fluctuations of the air temperation in
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" Station. XI have been graphically represented in Table=-33; The
atmospheric temperature showed a decline from September to
December, 1976 from 22,85°¢ to 17.25°0. From J;nnary51977 the
alr temperature slowly rose from 17.75°C to 25:75°C in the
month of March, 1977 In the<month of April, 1977 air temperature
reached 21,9°C and increased further 0 reach the maximum value
of 26,50°C in the manxh of October, 1977. From November, 1977
onwards, there was a steady decline in air temperature reaching‘
the value of 12°C in the month of February, 1978 which marked
the end of the study period; Jamuary and February;1977 showed
higher values of temperature than that of suceeding year
€17.75°¢, 19.0°C and 13.00°C and 12.0°C respectively). The
seasonality of atmospheric temperature in Station-II (WII),
III(WIII) and IV(WIV) have been graphically shown in Tables-34,
35 and 36 respectively. It is seen that these values did not
shov much difference from that of Station-I.

Water 3 Surface water temperature followed the,same\trend
as that of air and the highest value recorded in Station-I(WI)
was 2557606 in the month of July,1977: Lowest value of surface
water temperature in WI was 1200, recorded in the month of
January,i978; In September, 1976, water tempefature was slightly
more than that of air and the two readings were 23°C and 22:85°C

respectively.

Surface water temperature in WII, WIII and WIV showed

the same nature of fluctuation and highest and lowest values in

<
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all cases were in the monmth of July.1977 and January, 1978
respectively. However, in all these stations the lowest value
was 11°C in oontrast 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 been

shown in Figs. 4, 5, 6 and 7.

Hydrogen-ion-concentration (pH) s
pH value of water of Station-I showed very little
fluctuations during the study period and was always acidic in
; na&ure. The highest value recorded was 6,84, in the month of
Ma}ch.1977 and lowest value was 6.16 observed during QOctober,
1976, Seasonal fluctuations have been represented in Fig.4.
Station=II(WII) pH showed almost the same type of
seasonality and in this station also highest value was recorded
in March, 1977 (6.88) as seen in Station~I, But the lowest value
was observed in the month of October, 1977 with 6.30. However,
September, 1976 also showed higher pH value of 6.43 (FPig.5).
Station«III of Ward Lake, on the other hand, showed
the highest value of 6,70 in the month of December, 1977 while
a comparatively lower value was observed in March, 1977 (6.59).
The lowest pH value was 6.13 recorded in the month of May, 1977
(Fig.6).
Station=1V¥ of Ward Lake showed (Fig.7) the highest
pH value of 6.75 in the month of December, 1977 like that of

+ Station~III, while lowest value recorded was in Jamuary, 1978
with the value of 6,01,
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Oonductivity 3
The- conductivity values showed a tendemcy for greater
fluctuation than the pH.'Seasonal fluctuations in conductivity
of Station~l has been shown graphically in Fig.4. The pupper
and lower limits of conduetivity values were 88.20 mmhos/cm
and 55.55 mmhos/cm recorded during the months of December, 1977
and November, 1977 respectively. Excepting on these two
occasions the conductivity values ranged between 59 - 76 mmhos/cm.

. WII, an open vater station, showed two distinct
mexima (Fig. 5) in conductivity and the highrest value was
recorded in the month of August, 1977 (103.47 mmhos/cm ). The
other high%r value was 88,41 mmhos/cm recorded in December, 1977
while the lovwest value was 59,40 mmhos/cm in November, 1977.

In Station=IIXI the trend of conductivity values
followed the pattern as that of Station~I., The highest and lowest
values observed during November, 1977 and December, 1977 were

89,15 and 60.50 mumhos/em respectively.

These values showed the maximum fluctuations in
Station-IV (Fig.%) with two distinct maxima. The first higher
value was 122,43 nunmhos/om recorded in April, 1977. From PFebruary,
1977 onwards the conductivity value showed an increasing trend
to reach the first maxima of 96,73 mmhos/cem in April, 1977.
From May, 1977 the conduetivity readings showed a steady decline
to reach the lowest value of 74,94 mmhos/cm in July, 1977 and
rose again shovwing another maxima in December, 1977 (104,16 mmhas/cm) .
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Like other stations the value during November, 1977 was
comparatively lower with 75.44 umhos/om.

Dessolved ox&gen (0.0.) s

In Station~I the highest diésolved oxygen concentration
was recorded in the month of July, 1977 (10.7 mg/1), while the
lowest value was in October, 1977 when the concentration was
5625 mg/l (Fig.4). Oxygen concentration increased from September,
1976 onverds and reached a maxima in March, 1977 (9.3%4 mg/l1),
only to become low in April, 1977 (7.66 mg/l) and rose again to
reach the peak in July, 1977 with a record of 10,70 mg/l.

January, 1978 shoved a comparatively’highef value (9.32 mg/l) of
dissolved oxygen. ‘

]

In Station=II, the same seasonal irend was maintained
(Fig.5) although the_peak in July, 1977 was ooméaratiyély low
(9.46/1). The lowest dissolved oxygen qonéentration was recorded
during the month of September, 1976 (5.06 mg/l). In January, 1978
oXygen value rose to 9.20 mg/l showing a second maxima,

Station-III also followed the same trend of fluctuation
in dissolved oxygen and the lowest value was recorded in
September, 1976 (4,52 mg/1), while the highest value was in July,
1977 with 9.89 mg/1 (Fig. 6). '

Among all the stations of Ward Lake, Station-IV showved
the highest maxima value of 17.76 mg/l recorded in the month of
July, 1977. The general trend of oxygen curve (Fig.7) was
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similar to those of other: stations and the lowest amount of
oxygen recorded was 4,60 mg/l during September 1976. As Lﬂ
other stations the value of D.0O. was comperatively low in the
month of March, 1977, but November, 1977 showed a comparatively
higher valug.of 10.64 me/l.

Froe carbon dioxide 2

In Station-~l of Ward Lake, maximum amount of free
carbon dioxide was recorded in May, 1977 with a value of 10.90
mg/l, the lowest being 2,40 mg/l recorded in January, 1978. This
was in contrast to that of the values in January, 1977 when
10.25 mg/1 oarbon dioxide was reeorded. Again in Pebruary, 1978
there was an upward trend in contrast to the lowering tendency

observed during February, 1977.

Station-II, the open water station, did not show any
major difference in the concentratian of free carbon dioxide
(Pib.5). The highest was found in August, 1977 (7.16 qg/l),and
the lowest value of 2.20 mg/l was seen in January, 1978. In
May, 1977 a moderately higher value of 6,60 mg/l was again

recorded,

Station-III exhibited the same trend in carbon dioxide
fluctuations having two maxima, the highest concerntration waa
observed in May, 1977 (11.10 mg/1), while the other maxima of
10.00 mg71 was witnessed in August, 1977. The lowest concentra-
tion was' obgerved in Jamuary, 1978 with the value of 2.60 mg/l.
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In Station IV (Pig.7) March and August, 1977 showed
the two maxima and of these the highest value was that of
August, 1977 (15.93 mg/1l). There was a third maxima observed in

the month of March, 1977 exhibiting a c;ncentration of 8.95 mg/l.
In contrast to all other prececding stations the lowest value
was in December, 1976 with 3.25 mg/l. Both January, 1977 and
1978 showed distinct rising tendency in the amount of free

carbon dioxide,

Alkalinity s

Alkalinity readings presented in Tables- 38, 34, 35
and 36 was entirely due to the presence of bicarbonates only,
No phenolphthalein alkalinity was recorded in any of the stations.
in this system, indicating the absence of carbonates and |
hydroxides.

In Station~-I, alkalinity was always more or less
constant with only slight fiuotuaxions. But during September,
October and Nowember, 1976 comparatively lower values were seen
with the 1ldWest in the month of September, 1976 with 15.30 mg/l.
The highest value of bicarbonate: alkalinity were recorded in
the monthsiof July and November.1§77. values being 32.05 and
32430 mg/i;respectivelyﬁ

~

The alkaline curve in Station-II has been shown in
Fige 5. As in Station-I, the alkalinity date showed a gradual
increase since September, 1976 to reach the peak value of 52,60
mg/l in August, 1977, while the lower 1imit was 15.60 mg/l
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recorded in the month of Sepiember, 1976. During the rest of
the study period alkalinity curve showed slight fluoctuations,

However, in the month of February during both 1977 and 1978 a
decline in the alkalinity value was seen.

Station-1II of Ward Lake also exhibited more or less
a similar nature of alkalinity trend with the highest of 37.80
mg/l being recorded in June, 1977. The lowest value was 16.13
mg/1l as seen in September, 1976. During the ammual cyocle
(January « December, 1977) two lower values recorded were in
February and December. The higher alkalinity value ?ecorded in
the month of January, 1977 (Fig. 6).

The alkalinity curve of Station~IV (Fig. 7) showed a
fluectuating nature with the highest value being 58.85 mg/l
‘reecorded in the month of March, 1977. The lowest record was
17.90 mg/i in September, 1976. During the year 1977 (January
to December), it was observed that as in Station-III, February
and December months showed lower value of bicarbonate
alkalinit&. In Jamary, 1977 an upward trend in bicarbonate
alkalinity was found which was similar to that of January,1978.
In this station, from July, 1977 onward alkalinity value deolined
steadily till Novembexr, 1977 vhich showed the lowest-value
during the anmual cycle of 1977.

FPhosphate 13

Phosphate data for Station- I has been given in
Table-33 and represented graphically in Pig.4 . The highest
concentration of phosphate was found to be 1,88 mg/l in the
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month of May, 1977 and the lowest value recorded was 0.28 mg/1
duriné August, 1977. During the annual cycle starting from '
January to December, 1977 the phosphate value was always less
than 0,84 mg/l except in the month of May. The month of

November, 1977 showed slight increase in phosphate value vwhich
was also observed in November, 1976. The value during February,
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/l

(1977) and 0.56 mg/l in 1978.

Station-II exhibited"éreéter geasonal fluctuation in
the phosphate content. Here also May, 1977 showed -the highest
value of 1.67 mg/l and the lowest recorded was 0.2t mg/l in
July, 1977. From August, 1977 the phosphate concentration inecreased
again and reached 0,94 mg/l in November, 1977,

StationﬁiII showed a comparatively stable picture of
phosphate concentration (Fig. 6). The highest recorded was in
the month of January, 1977 (0.98 mg/l) with the lowest of 0.33 mg/l
in November, h 1976. From March till Septem ®r, 1977 a period of
decreasing values was reported which increased again in
October, 1977. During the rest of the months phosphate curve
did not show any marked variétidh,

Station-IV of Ward Lake showed a highly fluctuating
trend in the phosphate conten# As in Station-I and II, May, 1977
marked the highest phosphate concentration (2,97 mg/l) which
gradully decreased to 0,13 mg/l in the month of July, 1977.
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From August, 1977, phosphate values once again increased to
reach 1.11 mg/l in November, 1977 followed by subsequent decrease
to 0,66 mg/l in Jamuary, 1978 (Fig.7).

Nitrate 3

Nitrate as shown in Table-33 and Fig. 4, exhibited a
fluctuating trend in Station-l., The maximum concentration of
nitrates was recorded in the month of May, 1977, the value being
1458 mg/l. The lowest value was 0,30 mg/l recorded in August, 1977.
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, 1977. From
June, 1977 onwards the nitrate content decreased gradually till
August, 1977 (0.30 mg/l) only to increase again in September, 1977.
FPebruary, 1978 showed a higher nitrate value than that of
February, 1977. . '

In Station-I1 the ni%rat; values showed a comparatively
stable nature with no distinct peak. Jamzary, 1977 showed the
highest concentration of nitrate and was 1,03 mg/l while the
lowest value was in August, 1977 with the concentration of
0,15 mg/l. From September, 1977, the nitrate level increased
again to reach the value of 0.86 mg/l. The seasonal fluctuations
in nitrate value has been shown in Fig. 5.

Station=-III showed four distinct maxima in nitrate
values (Fig.6). September, 1976 presented the lowest concentra-
tion of 0,11 mg/l vhich increased gradually till the first
maxima was reached in Jamuary, 1977 (1.05 mg/l). From
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Feﬁruary..%éf?,j;he nitrate,concentraﬁicn gradully decreased
ti11 ﬁerohg ié?? (O¢49'mg/1)-and increased again to reach the
7makimum in June, 1977 (1;24 mg/l); Tﬁe other tvo maxima were
in the mcnths of November, 1977 (1.21 mg/l) and January, 1978
(1,22 mg/l). |

StatioanV also exhibited four distinct maxima &uring
the whole study period (Fig, 7). The first high value was
:,03 mg/%vrecorded in Ootober, 1976, followed by a second

'ha%ima'ih‘the month of January, 197? (1. 28:mg/i);xwﬁis'm321ha
.was followed by a sharp decline in nitrate content which
suddenly increased to 2.21 mg/l, in the month of May,1977
marking the peak, The last maxima was obsexved 1n the month ef
November, 1977 (1:82 mg/1) while the lowest was 0430 mg/l
:cbserved in the menﬁh of August, 1977. |

silicate $

In Stationpl, the highest silicate value vas 5 27 mg/l

T .

' recorded in ‘the month of Jannary.1978 While the 1ewest value
.being 1.32 mg/l as seen in October. 1977. Prom September. 1976,
an 1ncrease ;n the silicane content was observed which continned
' 4te a maxima in March. 1977. only to deorease subseqnently in 'A
"Apr11y1977 and increased again in Mey. 1977. This trend eontinued
\ till August. 1977, September, 1976 and 1977 exhibited almost
,':§*m11ar values (Fig.4). ' " ' '

1
i
i
{
!
9

) . In StatioanII silicates shoved a. somewhat dlfferent
: picture in its seasonallty (Table*35, Fig. 6) mhere were two
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distinct maxima with third mederately higher value., From
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,anlﬁ +0 increase again %o reach the peak in August, 1977
when the concentration was 6+23 mg/l. From September, 1977
onwards there was a sharp decliae in the values till it reached
the lowest of 1,76 mg/l in November, 1977. This was followed
by a by a moderately higher value in Janmmary, 1978 (3.51 mg/l1)
vhich decreased to 2,72 mg/l in PFebruary, 1978,

Stationpiv on-the other hand, followed a somewﬁat
different trend., Thus from September, 1976 (3.59 mg/l) onwards
there was a tendency of silicate content to increase with minor
fluctuations to reach the concentration of 5,40 mg/l (July, 1977).
This was folloved by a steady and gradual decrease till
QOctober, 1978 (4.71 mg/1l) vhich rose again to reach the highest
value in the manth of Jannary, 1978 (10.53 mg/l) . The lovwest
value was seen in December, 1978 (1.84 mg{l). Generally, the
silicate oonteni at this station was always higher than those

in the other stations (Table-36, Fibs 7).

B, BIOLOGICAL CHARACTERISTICS s

The study of biological characteristiocs were confined

%0 plankton as well as to other forms associated with vegetations.
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Pig.4

Seasonal variation in the physicochemical factors of
Station-I (WI) of Ward Lake during September, 1976 to
February, 1978.
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Pig.>

Seasonal variation in the physicochemical factors of
Station=-II (WII) of Ward Lake during September, 1976
to Februaxry, 1978.
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Fig.6

Seasonal variation in the physicochemical factors of
Station-III (WIII) of Ward Lake during September, 1976
to February, 1978.
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Pig.7

Seasonal variation in the physicochemical factors of
Station=IV (WIV) of Ward Lake during September, 1976
_to February, 1978,
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(a) Phytoplankton 3

Potal phytoplankton recorded in WI during the 18
months study duration has been presented in Table-37 and
Fig.8a. In this station, October, 1977 presented the highest
numerical abundance with 78978 units/l, while ﬁhe lowest
density was. 1877 units/l in October, 1976, Both Decembex, 1976
and November, 1977 also showed comparatively ,higher values
than the rest of the months.

In WII (Fig. 9a) total phytoplankton contributed
alvays above 9094 of the total plankton except in the month of
September, 1976 vhen it formed only 86.09%. The maximum
" numerical density was 89751.98 units/1 in November, 1976 whilg
the ldwest density was recorded in the month of FPebruary, 1978
with only 3804 units/l.

Maximgm.total phytoplankton recorded in WIII (Table-39,
Pig. 10a) was in the month of November, 1976 when the density
was 26320 units/l, which the least numérical contribution vas
1353.75 unite/1 in October, 1976. Phytoplankton alone contribu-
ted to more than 90% of the total plankton but for the months
of September and October, 1976, ”

In WIV (Table-40, Fig:11a), the highest number of
phytoplankton was recorded in ‘the month of February, 1977 and
was 66377.00 units/1l while the lowest number recorded was
1225.,00 units/1l (November, 1977). Phytoplankton formed more
than 904 of the total plankton throughout the study except in
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September, 1976 (74.52%) and November, 1977 (52.43%).

The five major groups of phytoplankton contributed
in different proportions in different stations of Ward Lake
as shown in Tables «37 , 38 , 39 and 40,

Myxophyceae : In WI, contribution of family myxophyoceae
varied during different seasons (Table=-37). September, 1976
had low values which reached the minimum number in October, 1976
(377 units/1). The highest number, on the other hand, was
recordcd in October, 1977 with 76450,00 units/l. In terms of
percentage composition, myxophyeeaé formed 96.81% of the total
phytoplankton in the month of September, 1977, vhile the lowest
contribution was 9,334 in the month of May, 1977 (Fig.8b).

WII (Table-38) showed lesser density of myxophyta
than in that of WI and the maximum value was 5257.25 units/l
as seen in September, 1976, contributing 82.76% of total
phytoplankton, The lowest number recorded was 118 units/1 in
February, 1978. Qut in terms of percentage, they formed only
0.94% of total phytoplankton in the month of March, 1977(Fig.96).
Highest numerical abundance in WIII (Table=39) was recorded in
October, 1977 with 33125 units/litre while the lowest record
was in November, 1976 (1{0/1); Highest eohtribution in terms of
percentage (Fig.10b) was in October, 1977 (85.24%) and lovest
in November, 1976 (0.,42%).

The data on myxoephyceae count for WIV has been
presented in Table-~40, In this station the maximum abudance

was in December, 1976 (15810 units/l) while the lowest being
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60,00 units/1 as seen in November, 1977. Contribution of
myxophyceae was comparatively low with their highest contribu-
tion forming 49,33% in March, 1977. Their lowest pgxcentage
was only 1.46% during October, 1976 to the total phytoplankiton
(Fig.110),

Chlorophyceae ¢ Contributiom of chlorophyceae in WI was
generally much lower than that of myxophyceae (Table-37,Fib.8b).
They formed 20,90% of the total phytoplankton in Jarmary, 1977
vwhen the maximum number was also recorded (3853.60 units/1).
Lowest number per litre was recorded in the month of January,
1976 (87,50 units/1). On the other hand, in July, 1977 thess
algae formed only 0.58% of the total phytoplankton,

The lowest and highest numerical densities of
chlorophyceae in WII (Table-36, Fig.9b) were 90.0 and 8535,33
units/l, recorded in the months of November, 1976 and
September, 1976 respectively. Their nnmeri&al density was also
less than a thousand during October, 1976, March = May, 1977,
July, 1977 and February, 1978. During the rest of the months
the population was more than thousand units/l. They formed
36.53% of total phyloplankton in September, 1977 being the
highest -contribution while the lowest was 1.41% during
September, 1976,

In WIII (Table-39, Fig.10b) ehlorophyceae count was
les than thousand/l during September -~ November, 1976, April
and May, 1977, July, August aad October, 1977 and February, 1978.

>
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In the remaining months units per litre count was more than a
thousand units, Highesf number was recorded in March, 1977
(9625.50 units/1) forming 59.04% of the total phytoplankion.
TLowest count/litre was observed in October, 1976 (112.25
units/1), however, the lowest percentage occurrence was in

November, 1976 (0.96%).

In WIV (Table=40, Fig,11b) the maximum abundance of
chlorophyceae was in February, 1977 with 18877.00 units/1. On
| the other hand, their maximm musber was 121.00 units/l in
Fe;oruary,1978. Except on four occasions namely October, 1976,
November, 1976, ﬁovember, 1977 and Pebruary, 1978, their number
per litre wvas more  than. thousand, Their highestf contribution to
phytoplankton was in the month of November, 1977 (80.41%) whole
the least was in Océtober. 1976 (0.54%).

Dinophyceae 1 Seéasona.l distribution of dinophyceae was
marked by +the complete absencs from plankton in WI during
September, October and Novembsr, 1976 and August, 1977 (Table~37;
Fig.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 (49.37%).
Lowest density wes noted in September, 1977 (15.50/1) forming
only 0.07% of the total phytoplankton.

In WII dinophyceae was totally absent only in the
month of September, 1977 (Table=38, Fig.9b). During September,
1976 and August, 1977, their pumber were less than 31 units/1
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with the lowest in August, 1977 (3.25/1). In October, 1976 also
their number was negligible (263.50 units/1), which during
rest of the period they were more than 2000 units/litre. April,
1977 marked the highest rnumber with 18164 units/l. The lowest
and highest percentage composition was observed during August,
1977 (0,04%) and March, 1977 (82.28%) respectively,

The highest recorded number of dinophyceae in WIII
was 2530 units/1 in the month of June, 1977 (Table-39,Fig.10b),
whereas the lowest abundance was observed in November, 1976
with 30.00 units/l. 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.
Di%ophyceae formed 43.14% of the total plankton in.April,1§77

‘ an@ only 0.11% in November, 1976.
i

|

represented. Out of the 18 months study period they appeared

In WIV (Teble=-40, Fig.11b) dinophyceae was very poorly

inéylankton only during the months of Jamuary, April, and July,
19%7. They formed éOO units/l in Jdnuary, 1977 (0.24%), 5.00
units/l in April, 1977 (0.07%) end 10.00 units/1 in July, 1977
(0.12%).

Chrysophyceae 3 In WI (Table-37,Fig.8b) this family was found
to be most abundant in the month of February, 1977 (4870.00
units/1l) and the lowest was observed in -August, 1977 with 26,67
units/l.’In terms of percentage occurrénce, April, 1977 showed
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the maximum with 41;9@% whereas only 0.21% vas found in the
nonth of September.-1é76. Duriﬁg October, 1976, November, 1976,
August; 1977, September, 1977 and December, 1977, the count was
les sthan 100/1, while in September, 1976 they were totally

absent,

In WII (Table~-38, Fig.9b), they were always present
excepting the month of September, 1977. Highest abundance was
noted during November, 1976 with 65530/1 while the lowest being
10.00/1, recorded in September, 1976,1Ehmysophyoeae contributed
the maximum to phytoplankton in October.j976 when they formed
83.,42% and minimum in ghe month of Septeﬁber. 1976 forming only
0.16%; Except in the month of September, 1976, 1977 and
February, 1978, their numerical density was always more than
1000 units per litre.

In WIXI (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 18,504 during December, 1976 and
only 0.11% in November, 1976. They were not recorded in the
samples of September, 1976, February, 1977, July, 1977 and
February, 1978. |

-

~» °  In WAIV (Table-40, Fib.11d) ohrysophyceae was
recorded only on five occasions namely, November, 1976 (20/1;
0,32%), January, 1977 (4.0/1; 0.01%), June, 1977 (30.00/1;
0.26%), October, 1977 (120.0/1; 2.03%) and January, 1978
(10.00/1; 0,15%). The percentage of 2.03% recorded in October,
1977 was the highest contribution of this group to the total
phytoplanktons
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Bacillariophyceae : In WI (Table-37,Fig.8b), this family
vas most dominant numerically in the month of December, 1976
(3044/1) and lowest in number in November, 1977 with 361.50/1.
They formed' 73,13% of total phytoplankton in October,1976 while
0,22% 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-}&.\Fig.9b)\in 15 out of
18 months number of the bacillariophyceae were representea.
Highest number of diatoms were recérded in November, 1976
(4976:64/1) while the lowest was in April, 1977 with 18 units/l.
15.19% was their highest contribution to phytoplankton
(September, 1976). They were absent from plankton samples during
February, March and October,1977.

- In WIII (Table-39h Fig.10b) minimum rnumber of diatoms
were 320/l and 25910/1, recorded in the monfhs ofopril.1977
and November, 1976 respectively. They ocourred throughout the
18 months study period and minimum and maximum percentage
composition were 98.44% and 4.12% during October, 1977 and
November, 1976 respectively, The diatoms were always more than
thousand units/l except in March, 1977 (730/1) and April, 1977
(320/1). | '

In WIV (Table-40, Fig,11b) bacillariophyceae was
dominant among all other groups of phytoplénktona 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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Fig.Sa

Seasonal fluctuation in the numerical density (unit/1)
of total phytoplankton in Station-I (WI) of Ward Lake.
(September, 1976 to February, 1978)

Fig.8b

Seasonal variation in the percentage composition of
phytoplankton in Station~I (WI) of Ward lLake,
(September, 1976 to Pebruary,1978)
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Fig.9a

Seasonal fluctuation in the numerical density (unit/1)
of total phytoplankton in Station-II (WII) of Ward Lake.
(September, 1976 to February,1978)

Pig.9b

Seasonal variation in the percentage composition of
phytoplankton in Station-II(WII) of Ward Lake.
(September, 1976 to February, 1978)
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Pi 0103

Seasonal fluctuation in the numerical density (unit/1)
of total phytoplankton in Station-III (WIII) of Ward Lake,
(September, 1976 to February, 1978)

Pig,10b’

Seasonal variation in the percentage composition of
phytoplankton in Station-III(WIII) of Ward Lake,
(September, 1976 to February, 1978)
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Fig.l1a

Seasonal fluctuation in the numerical density (unit/1)
of total phytoplankton in Station-IV (WIV) of Ward Lake,
(September, 1976 to February, 1978)

Fig.11b

Seasonal variation in the percentage composition of
phytoplankton in Station-IV (WIV) of Ward Lake.
(September, 1976 to February, 1978)
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abundance was 66400,00 units/l (January, 1977) while only 180

units/l was recorded in November, 1977.
Y

(b) Zooplankton s

Zooplankton always showed comparatively poor numerical
density in WI (Table-41,Fig.12a) forming a maximum of 21.50%
(September, 1976) of total plankton. They formed only 0.44% in
the month of November, 1977. Highest numerical density recorded in
this station was 921,3%4/1 in September, 1976 while the lowest
was 123.67/1 observed during August, 1977.

In WIX (Table=~42,Fig.13a) highest and lowesy densities
of zooplankton were 1913.75/1 and 169.99/1 recorded during
April, 1977 and February,1977. During maximum abundance (April,
1977) they formed 46.23% of the total plankton., Their lowest
contribution was in November, 1976 forming only 0.80% of the
total plankton. December, 1976 also exhibited a higher density
of zooplankton (1714.99/1).

Total gzooplankton in Station WIV (Table~44,Pig.15a)
showed the peak value which formed 25.48% of total plankton.
February, 1978 on the other hand, showed their mihimnm abundance,
the number being 58,00/1 zooplankton formed 47.57% of total
plankton in November, 1977 and only 0.14% in Jamuary, 1977. The
different organists contributing 1o the total zooplankton have
been dealt with groupwise,

Protozoa s A maximum of 640/1 has been recorded in WI
(Table~41,Fig.12b) in the month of January, 1978 while the
minirum density was found in November, 1976 with 2.33/1.
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Maxiyum and minimum percentage composition of protozoans were
85.62% and 1.14% encountered curing January and February, 1978

respectively.

Protozoans were not recorded (Table=42,Fig.13b) during
October, 1976, December, 1377; January, 1978 and February, 1978
in WII, Their maximum abundance was recorded in January, 1977
with 650/1 and the lowest density was in July, 1977 vwhen 8,25/1
was recorded., In this station protozoauns contributqd to as much
as 92.72% in Jamuary, 1977 and only 0.97% in September, 1976
vhich was the minimum,

In WIII (Table-43,Fig.14b) protozoans were recorded’
during the entire study period. The peak in nmumber was seén in
-April, 1977 (1830,25/L) forming 95.64% of the total zooplankton.
The- ninimum number of protozoans recorded was 4.0/1 during
November, 1976, Their least contribution to total zooplankton
was 0.33% in the month of December, 1976.

The highest number of protozoans recorded in WIV
(Table=44, Figﬂ1§b) was in October, 1976 (157.75/1) vhereas.
November, 1976 showed their lowest abundance (2.50/1).
Protozoans foxmed 55.54% of the total zooplankton in May, 1977
vhile their lowest contribution was 0,58% in November, 1977.

Rotifera 3§ In WI (Table-41,Fig.12b) rotifers were present
throughout the 18 months study period. They cccurred in highest
numbers in the month of December, 1977 (257/1) and the lowest
density was in August, 1977 (12.66/1). Rotifers formed 53.17%
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of the total zooplankton in Maxrch, 1977 and 2.34% in January,
1978,

In WII (Table-42, Fige13b) highest recorded number of
rotifers was 222,50/1 seen in the mon%h o% December, 1977 and
the lowest value was 6,50/1 in September, 1976. Highest
percentage composition was 86.%59% in February, 1978 and only
8+63% in the month of September, 1976,

-In WIII of Ward Lake, rotifers were totally absent
in the collections of November, 1976 (Table-43, Fig.14b). The
ninimum and maximum mumber of rotifers were observed during
December, 1976 and April, 1977 contributing 1663.99 and 9.25
units/litres The highest and lowest percentage contributions
were 97.,03% (December, 197¢) and 0.48% (April, 1977) respectively.
They formed more than 204 of the total zooplankton throughout
the season except in April, 1977.

Rotifers were not recorded in WIV (Table-44,Fig.15b)
during September; 1976 and December, 1977. Density of rotifera,
in this station.was rather low and ‘the highes£°number recorded
ever was 103,00/) while the lowest number was 6.75/1 in
October, 19765 They formed 58.55% of total zooplankton in
Januaxry, 1978 and their lowest contribution was 1.,03% in .
November, 1977.

Ostracoda s In WI (Table«41,Fig.12b) ostracods were not
recorded throughout the study period 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 units/1 and lowest in June, 1977 when only 0.25 animals/l
were present. They formed 6.44% of total zooplankton in
October, 1976 and only 0.04% in Jamuary, 1977.

Ostracods were never recorded throughout the seasons

in WII (Table-42).

In WIII (Table-43,Fig.14b) ostracod population reached
its peak in August, 1977 when 29,33 animals/l was recorded. They
formed 9.14% of the total zooplankton in the same month. The
lovest number observed was 0,67/1 in May, 1977 forming only
0.19% of the total zooplankton. They were present throughout
the study period.

In WIV, on the other hand, ostracods were avsent during
the months of February, May, October and November; 1977 (Table-44,
Fig.15b) i The highest numerical density attained by them was
83.00/), (September, 1976) and the lowest recorded was 0.,50/1
observed during July, 1977. Their contiribution to zooplankton
was mazimum in December, 1976 (114) and lowest in July, 1977
(0.17%)«

Copepoda s Copepods were well represented in-all the seasons
in WI (Table=41,Fig. 12b), The maximum abundance was found
during October, 1977 when the number was 125.50/1: The lowest
value recorded-vas 16.33/1 in August, 1977. Copepods formed
44.93% of the total zooplankton in November, 1977 and only
2.75% in September, 1976,

In WII (Table=42,Fig.13b) their highest count vas
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80%.25/1 and lowest was 2.67/1 in September, 1976 and February,
1977 vespectively; They formed a maximum of 65,85% in the total
gooplankton in Oectober, 1976 and only 0,39% in Jamary, 1977.

Maximum number of copepods in WIII (Table=43,Fig.14b)
vas in the month of August, 1977 (29.3% forming 9.14% of the
total z00plankton{ On the other hand, only 5.0/1 was recorded
during January, 1978. They made the highest contribution of
21.75% during October; 1976 while only 0.72% in December, 1976s

In WIV (Table-44,Fig.15b) highest recorded number
was 232,0/1 in September, 1976 and the lowest value was 4.50/1
in Februaxry, 1978. Highest percentage contribution of copepods
wag 23%;49% and lowest .was 0,72% recorded during the months of
April;1977%and December, 1977 respectivelys

t

Cladocera s Cladocerans were present throughout the study
period in WI (Table-41). Highest numerical demsity was recorded
in February, 1977 (436/1) and formed 88.26% of the zooplankton
population (Fig.22). Lovest number was recorded in January; 1977
with 16.8/1, vwhile in terms of percentage they formed the least
in January, 1978 (2.94% ).

In WII (Table-42,718:22) cladocerans were absent in
the month of June, 1977 and formed the highest numerical
representation in September, 1977 with 226.00/1 forming 61%
of the total zooplank%on. The lowest record in numbers per litre

was 0350 in November, 1977, the lowest of 0:32% in January, 1977.

Station-WIII also had a fair representation of .
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cla&ocerans throughout thé study period. Their hignest and
lowest numbers wefe recorded in November, 1976 and July, 1977
vhen 131,50 and 21.0 units/1 were observed. These organisms
_formed a maximum of 61.59% in November, 1976 and a minimum of
1304 during December, 1976 (Table-43,Fig.22).

WIV sthed a higher density of Claéocera (Table=-44,
Figg22) with the maximum of 1084.50/1 (November, 1977) forming
97;57% of the total zooplankiton. The lowest number was observed
in August, 1977 with 49.50 anihals/l which was 4.24% of the
total,

(¢) Associated organisms

Associated organisms included members of Nematoda,
Sporoblasts of Bryozoa and members of Insecta. In WI (Table-42,
Fig.12b) nematodes appeared for 10 out of the total of 18 months.
Their highest numerical density was only 1.50/1 (Maxch, 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,Fig:13b) nematodes were recorded ﬁnly during the
month of December, 1976 forming 0.,18% of total zooplankton
vhen the numerical density was.0.67/1. Except in the month of
May and August, 1977, nematodes were always present in WIII
(Table~43, Fig.14b). Maximnh number reoord;d was 2.50/1
(Jamary, 1978) wvhile théy were only 0.25/1 in April, 1977.
Nemat;des formed 0,.98% of total zooylankton‘in PFebruary, 1977
and only 0,01% in April, 1977. In WIV (Table=44, Fig.15b)
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nematodas were present throughout. the mgjor part of the study
period except in the months of October, 1976, November, 1976 and
September, 1977. The highest number recorded in February, 1977
was 18,00/1 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 WI statoblasts of Bryozoa were recorded in the
months of October, 1976, April, June and October, 1977. In none
of these months they ocecurred in more than 1 unit/litre and
highest contribution made by them was 0,25% to the total
zooplankton (Table»41); Statoblasts were recorded only twice in
plankton samples of WII, These were in Sepdember, 1976 (0.25/1;
0.02%) and November, 1976 (0.33/1; 0.17%) (Table-42). Although
the contribution made by broyzoan sporeoblast was never more thar
0.5%, they appeared on 10 occasions out of 18 months in WIII
(Table=43), Their maximum number per litre was 1.60 found in
January, 1977. In Station-WIV (Table<44) bryozoan sporoblasts

" were never recorded in the samples throughout the 18 months.

Insecta were mainly represented by members of family
Chironomidae, Ephemeroptera, Odongta, Zngptera and Coleoptera.
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+33/1) and May, 1977 (0.33/1),
Their highest contribution to zooplankton counts was in August,
1977 forming 5:39% while the lowest being 0.04% in the month of

December; 1976. Insects were recorded on three: occasions in
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Fig.12a

Seasonal fluctuation in the numerical density (No/1) of
total zooplankton in Station-I (WI) of Ward lake.
(September, 1976 to Pebruary, 1988)

--------

FPig.12b

_ Seasonal variation in the percentage compositiocn of
zooplankton in Station-I (WI) of Ward Lake.
(September, 1976 to February, 1978)
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Fig.1 éa

Seasonal fluctuation in the numerical density (No/1) of
total zooplankion in Station-II (WII) of Ward Lake.
(September, 1976 to February, 1978)

Fige.13Db

Seasonal variation in the percentage composition of
zooplankton in Station-II (WII) of Ward Lake,
(September, 1976 to February, 1978)
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Fig.14a

Seasonal fluctuation in the numerical density (Ho/1) of
total zooplankton in Station-III (WIII) of Ward Lake.
(September, 1976 to February, 1978)

Fig.14b

Seasonal variation in the percentage composition of
zooplankton in Station-III (WIII) of Ward Lake.
(September, 1976 to February, 1978)
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Fig.15a -

Seasonal fluctuation in the numerical density (No/1l) of
total zooplankton in Station=-IV (WIV) of Ward Lake.
(September, 1976 to Pebruary, 1978)

‘Fig.15b

Seasonal variation in the percentage composition of
zooplankton in Station-IV (WIV) of Ward Lake.
(September, 1976 to February, 1978)
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WII (Table-42) forming 0.61% (October,1976), 0.17% (November,
1976) and 0.42% (March, 1977) of the total counis. This group
was always represented in WIII (Pable~43). The highest and
lowest recorded numbers were 28/1 (November, 1976) and 1.0/1
(April, 1977) forming 13.11% and 0,05% respectively. In WIV,
on the other hand, highest number of inseots were recorded in
March, 1977 (14.25/1), while the lowest was in November, 1977
(0.50/1) . They formed a maximum of 8,67% of total zooplankton
counts in the month of November, 1976 (Table~44),

II, FISH DALE POND 3

A. PHYSICOCHEMICAL PARAMETERS 1@

Temperature 3 .

Adxy 3 Highest recorded 'atmoapheric temperature was in
July, 1977 with 25.17°C. The lowest value, on the other hand,
was during Januwary, 1978 when the atmospheric teﬁperature wes
11%. Bxcept in the months of December, January and February,
air temperature ranged between 18° - 25°C;(Table-45).

Water 3 Water temperature in this system never exceeded
that of the atmosphere. The highest iecord of surface water
temperature was 24°C in Auéust, 1977 vhile the lowest value was
9°C observed during January, 1978 (Fig.16).

HydroZen ion concentration (pH) 3
Seasonal variations in pH has been shown in Table=-45
and Fig.16. pH value was alvays in the acidic range excepting



in July, 1977 vhen it became slightly alkaline with 7.18 units.
January, 1978 .showed the lowest value of 5.90 which 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
t111 Janwary, 1977 (6.64), followed by a decrease during
Pebruary and March, 1977 only to increase again in April, 1977
reaching the value of 6.87. May and June, 1977 showed comperably
lower values which suddenly rose to 7.18 in July, 1977. fhe

other maxima of pH value in this system was in December, 1977
with a value of 6.75.

Conductivity :

Conductivity values (Table-45, Fig.16) of Fish Dale
pond showed two maxima in addition to the peak value in March,
1977 with 110,87 nimhos/om. Liowest conductivity value was in
October, 1977 when 31.63/dmhos/cm was recorded. October.197é
showed a comparatively lower value (32.12 mmhos/cm) which
gradﬁally rose in the foilowing monﬁhs”to reach the highest |
value of 110.87 amhos/om in Maréh, 1977. Subsequent éonths
again shovwed a steady fall in conductivity values reaching
39.06 mrhos/em in June, 1977. The two other maxima recorded were

in July and December, 1977 with 63.53 mmhos/cm and 69.95 mmhostm
respectiively.

Dissolved oxygeh H

Results on the analysis of dissolved oxygen content

has been presented in Table-45,Pig.16+ Highest oxygen vas
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recorded in August, 1977 with a’concentration of 10.11 mg/l,

while the lowest value was 5.24 mg/l in Japuany. 1978. In
September, 1976 oxygen concentration was only 5.72 mg/l, vhich
increased gradually to reach the value of 8.35 ﬁg/} in January,
1977. The maximum concentration was attained in the month of
Mugust, 1977, followed by a sharp decline in September, 1977
(10,11 mg/1l to 6,71 mg/l) only to gradually increase till
December, 1977. January and February, 1978 recorded only 5.24 ng/1
and 5.84 mg/l respectively.

Pree carbon diéxide H

Free oarbon di&xide exhibited a fluctuating nature
during the study period showing five distinct maxima (Table=45,
Fig.16). These were in September, 1976 with 8.35 mg/l, December,
1976 with 7.45 mg/l, March, 1977 showing 9.05 mg/1, May 1977
éontaining 8.40 mg/l and August, 1977 with 7.13 mg/l. Carbon
dioxide values declined steadily reaching the lowest of 2.89 mg/l
in December, 1977. '

Alkalinity @

| This system had a comparatively low alkalinity rangel
as shown in Table-45 and Figs. 16. However, there were three maxima
of methyl orange alkalinity (bicarbonate) observed during the
study and the peak value was in the month of.Juiy. 1977 with
38:6 mg/l. A value of 8,20 Qg/l alkalinity (hydride and
carbonate) was also recorded during July, 1977 making, thus,a
total alkalinity value of 40.85 mg/l, During the rest of the
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study period the alkaliniﬁy was due to the presende of
bicarbonates only. The other two maxima were in Mafch, 1977
and January, 1978 with ?7.00 mg/l and 37.60 mg/l respeoctively.
The lowest alkalinity value recorded was 10.13 mg/l in
November, 1976,

Phosphate @

?hosyhéte content due to inorganic P04-P in Fish.Dale
pond was found to be the highest in April, 1977 vhen the
concentration was 1.43 mg/l (Table-45,Fig.16). From December,
1976 to February, 1977, on the other hand a concentration of
less than 0.37 mg/l was seen while the lowest reading was that
of August, 1977 when a considerable increase in phosphate content
reaching 0.89 mg/l. During the remaining months no marked

variation was observed.

Nitrate s

Nitrate content as NOB-N showed considerable va?iations
during the different seasons and the data has been presented in
Table~45,Fig.16. There were three distinct modes in nitrate
content with the peak value in May, 1977 vhen a concentration
of 1.5 mg/l was found. The louest concentration was in Septembor,
1976 with only O.11 mg/l. The two other higher values of nitrate
vere 1.07 mg/l and 1.20 mg/l seen in the months of Jamuary, 1977
and 1978 respectively., Monthly fluctuations in nitrate contents
vere not so high during the rest of the study periods
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Pig.16

Seasonal variation in the Physicochemical factors of
Fish Dale pond during September, 1976 to February, 1978.
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Silicate 3

In Fish. Dale Pond, the amount of silicate, did not
exhiblit much seasonal flﬁctuation, the ﬁighest amount being
7.24 mg/l in December, 1976. The lowest concentration was
2.11 mg/1 in September, 1977. During the remaining period of
the investigation silicate values ranged between 2 to 4 mg/l
(Table=54,Fig.16).

B, BIOLOGICAL CHARACTERISTICS ¢
Biological characteristic was studied under the
categories of phytoplankton, zooplankton and associated

organismo. .
(a) Phytoplankton 3 .

The highest nmumerical density of phytoplankton was
recorded in May, 1977 when a total of 43275 units/1 was found
which formed 99.77% of the total plankton., The lowest phytoplank-
ton density was in November, 1976 with only 823 units/l while
the lowest percentage contribution was in December, 1976 with
67.08%. During November, 1976, December, 1977 and January, 1978
also had a density of less than 1000 units/l was observed
(Table~46,Fig.17a).

Seasonél fluctuation in different groups of phytoplank-
ton in Fish Dale pond have been shown in Table-46.

Myxophyceae 3 In this pond myxophyceae deﬁsity was considerably
lov as shown in Fig.17b, Both in February, 1977 and ‘1978
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myxophytes were altogether absent while their highest density
was in July, 1977 with 473 units/l. Lowest abundance of these
algae were in January, 1977 with only 2.40 units/l. Maximum
contribution made by these algae fo tqtal phytoplankton was
24.03% in October, 1976, while the lowest was 0,01% in May, 1977.

Chlorophyceae s Chlorophyceae was the most dominant group of
phytoplankton appearing throughout the study period (Fig.17b).
Their highest numerical density was 39770 units/l in May, 1977
while the l6west was 158 units/1 during September, 1976,
Maximun end minimum percentage contributions of 98.34% and
5.85%'wére recorded in September, 1977 and September; 1976
respectively (Pig.17b). '

Dinophyceae 8 Out of the total of 18 months study period,
dinophyceae was recorded during only 9 months, these being
September énd December, 1976, January, March, June, July;

August, September and November, 1977, Highest numerical density -
was 254 units/l in June, 1977 while the lowest was 4 units/l1
recorded dﬁring September, 1977, They contributed a. maximum

of 5.45% in Maxrch, 1977 and only 0:05% in July, 1977 to the
total phytoplankton (Fig. 17b).

Chrysophyceae 3 Chrysophyceae appeared from November, 1976
10 Februarxy, 19772 During the rest of the period they were not
recorded in the plahkton samples, Among these months chrysophyceae
was highest in'densi{y during November, 1977 with 320 units/l.
The lowest density was recorded in Decemben, 1977 with 9 units/1.
Highest &nd lowest percantage éon‘bra.but:.ons‘made by these algae
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Fig.17a

Seasonal fluctuation in the numerical density (unit/1)
of total phytoplankton in the Fish Dale pond,
. (September, 1976 to February,1978)

Fig.17b

Seasonal variation in the percentage composition of
phytoplankton in the Fish Dale pond.,
(September, 1976 to Pebruary, 1978)
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vere 14:50% (November, 1977) and 1.03% (Decemver, 1977).

Bacillariophyceae 3 Highest demsity of bacillariophyceae
was in May, 1977 with 3500 units/1l while the lowest count/litre
was 21 units in the month of November, 1977 (Fig.17b). On the
other hand, highest contribution in percentage was 88.50% in
September, 1976 and the lowest was that of September, 1976 when
they contributed only 0.91% to the total phytoplankton,

(b) Zooplankton s

Total zooplankton numbers varied between 29 to 270
units/l throughout the study period except in Deﬁember. 1976
‘when a peak of 1056 units/l was recorded (Table 47):; The lovest
numerical density was 29 units/l in November, 1977 . In the
month of highest density, zooplankton formed 32:92% of the
total plankton while the lowest contribution was 0.25% in May,

1977. Seasonal fluctuations in zooplankton have been shown in
Fig.182a.

Protozoa 3§ Protozoans were recorded throughout the study

period in System-II as shown in Fig. 18b . The highest density
of population was during the month of December, 1976 with 1007
wunits/A . Their lowest numerical abundance was in April, 1977
(17 units)l). Highest and lowest contributions of protozoa to
the total gooplankton were 95.33% and 11.044 recorded in
December, 1976 and April; 1977 respectively,

Rotifera 3 In System~II mumerical density of rotifers was
highest in April, 1977 (129 units/1) which formed 3%4.76% of
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the total zooplankton (Fig,18b). The lowest density ves only
0.75 units/l observed during September, 1976. Rotifers contribu-
ted to 2,.11% of the total zooplankton in December, 1976 and
were totally abseni in January, 1978.

Ostracoda s Seasonal fluctuations in ostracod demsity in
8ysten-II have been presented in Fig,18b, They were found during
8 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 zooplankton, During the rest of the months they were
present as less as 1 unit/litre and contributed about 1.50% to
total zooplankton. They were recorded during the periods of
October to December, 1976, February to April, 1977, October and
December, 1977,

Copepoda s In System-II highest copepod number was observed
in September, 1977 (164 units/l) forming 63.13% of total |
zooplankton (Fig,18b). The lowest density was 1 unit/l found in
the months of December, 1976, February and April, 1977. Their
lovest contribuiion to zooplankton was 0,66% and were not

recorded in November, 1977 and Jamuary, 1978.

Cladocera 3 Cladocerans were alwvays present in System-II as
shown in Fig.22. 130 animalsg/l was the maximum recorded density
of cladocera, observed during July, 1977. Their lowest numerical
density was in November, 1977 vhen oniy 2 units/l was present.

A riss in density of these organisms was seen in Februagyy*¢978~

with 74 units/l after a period of low density during/ﬁ%vember,1977
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to January, 1978. Cladocerans formed 48:19% of total zooplankton
in July, 1977 and only 1:74% in December, 1976s

-

C. ASSOCIATED ORGANISMS s

Due to their frequent occurrence in plankton samples,
they were included in the study inspite of this groups being
not strictly planktonic. In Fish Dale pond nematodes appeared
during 9 out of 18 months of the study period. However, thelr
. monthly mean density was always less than 1 unit/l'except in
May, 1977 vhen théy were as many as 20 units/1; forming 20% of
the total zooplankton. During the rest of the period of their
oocurrence, they formed less than 1% of the total zooplankton
(Table-47).

Bryozoan statocysts were encountered in plankton
samples during November and December, 1976 and also in June, 1977,
Their numerically mean density was below 1 unit/l which was less
than 0.17% of the total zooplankton (Table=47).

In the present study insect belonging to Chifonomidae
BEphemeropta, Odnata, Zygoptera and coleoptera were included
despite the fact that they are not truly planktonic. The highest
recorded number was 6 xnits/1 (December, 1976) and the lowest was
0.20 units/1 in April, 1977. The highest percentage contribution
was 14,29% (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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Fig.18a

Seasonal fluctuation in the numerical density (No/l) of
total zooplankton in the Fish Dale pond. "
> (September, 1976 to February, 1978)

- Pig.18b
A Seasonal variation in the percentage composition of
zooplankion in the Fish Dale pond.

(September, 1976 to February, 1978)
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I1I., LADY HYDERI PARK POND 3

A, PHYSICOCHEMICAL PARAMETERS 3

The physicochemical data for the period September, 1976
to Pebruary, 1978 has been presented in Table-48.

Temperaturs 3

Alr 3 The highest atmospheric temperature was recorded in
July, 1966 vhen air temperature reached 24.66°C at the time of
sampling; The lowest temperature value was that of January, 1978
with 12°0, The air temperaiure carve of this system was closely
. similar to those of Ward Lake and Fish Dale pond (Table=~48).

Water :hSurfaoe water temperature (Fig.19) in this pond
never exceeded air temperature with the highest value of 23.17°C
in August, 1977 and lowest with 11°C in Jamuary, 1978. The
water temperature curve followed more or less the same trend as

that of the air temperature (Fig.19).

Hydrogen ion concentration (pH) s

pH value ranged between 5.56 to 6.51 (Fig.19). The
highest was (6.51) in July, 1977 and the lowest of 5.58 in
January, 1978. During the whole period of study, three distinect
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-IIIX
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have beerl shown graphically in Fig. 19. Both March and December,
1977 shoved 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 mmhos/ocm.
During the rest of the months, fluctuatioms in conductivity

values were not very well marked.

Dissolved oxygen s

ﬁluctuatians in dissolved oxygen content has been'
shown in Fig.19. The seasonal cycle was distinguished by 3
distinet maxima with the peak value in August, 1577 (9.04 mg/l).
The lowest concentration was found to be 2.68 mg/l in March, 1977.
Dissolved oxygen inoreased from September, 1976 onwards
reaching 7.81 mg/l in 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/l which declined subéeqnenmly
in February, 1978.

Free carbon dioxide s -

The carbon aioxide values showed & more flunctuating
nature ranging from 5.60 mg/l 40 21.80 mg/1l (Fig. 19). These
lover and higher limits were in January, 1978 and May, 1977
respeotively.'During December, 1977 and January, 1978 carbon
dioxide content was distinetly lower than that of other - .

nonths,

Alkalinity @

In System~I1I, phenolphthalein alkalinity was never
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recorded and therefore the alky was always due to methyl orange.
The range of alkalinity values was 14.25 mg/l in October, 1976
t0 49.15 mg/l in March, 1977. The months, September, October and
November, 1976 showed a lower value of alkalinity, while during
the remaining 15 months study period no such marked differences
were noted. During August and September, 1977 there was a

depression in alkalinity curve (Fig.19).

Phosphate:s

The, range of phosphate value was from 0.39 mg/l in
- -November, 19%6 +9 1.21 mg/l in March, 1977 (Fig.19). The two
other higher values of phosphates were 1,09 mg/l and 0.93 mg/l
seen in April and June, 1977 respectively. During the rest of
the months no marked seasonal tren@ could be seen in the

phosphate values,

Nitrate ¢ ’

The niﬁrate content showed a greater range of fluctua=-
tion varying between 0.10 mg/l in February, 1977 to 1.70 mg/l
in May, 1977. October to December, 1977 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 @

In Lady Hyderi Park pond the highest concentration of
silicate was 12.73 mg/l in Jamuary, 1977 while the lowest was
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Fig.1 .
Seasonal variation in the physicochemical factors in
the Lady Hyderi Park pond during September, 1976 to
February, 1978,
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observed in October, 1976 when 4:87 mg/l was recorded. During
the months of August to November, 1977, silicate content was
uniformly low ranging batween 5.00 = 5.27 mg/l (Fig.19).

B, BIOLOGICAL CHARACTERISTICS s

As in other systems biologlocal characteristics were
broadly atﬁdied under the heads of phytoplankton, zooplankton

and associated organisms,

(a) Phytoplankton @

Seasonal fluctuations in the density of phytoplankton
have been shown in Table~49 and Fig.20a, The highest numerical
density of phytoplanktons, being much lower than ‘those’ in other
pystems, vas 6940 units/l recorded in November, 1977. The
lowest abundance, on the other hend, was 600 units/1 in
September, 1977, Their minimumn and ,‘maximm contributions 4o
total plankton were 65.67% and 99.04% recorded during March and
November; 1977 respectively. r

Fluctuations in the seasonal demsity of different
groups of phytoplankion have beern shown in Table«49,

Myxophyceae : In this pond myxophytes were recorded
throughout the study period (Fig.20b). The highest demsity was
noted in November;’1977 with 3700 units/l while the lowest was
20 units per litre in December, 1977+ They formed 62.50% of the
total phytoplankton in August, 1977 while in December, 1977
their contribution was only 1.51%.
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Chlorophyceae 3 Density of chlorophyceae was less than that
of myxophyceae in System-III (Fig.20b). The maximum numerical
abundance was recorded in July, 1977 with 1655 units/litre
vhile the lowest density was 14 units/l in September, 1977.
Dﬁring the months of October, 1976, December, 1976, Jamiary, 1978
and July, 1977, the numerical density of chlorophyceae was more
than 1000 units/l. Their maximum and minimum contributions were:
74.71% and 1.56% respeotivelya

Dinophyceae 3 Seasonal distribution of these algae in
System=-III were sporodic 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/l1 (April, 1977). The lowest mumber
vas 0,50 units/1 forming 0.06% of the total phytoplankton,while
the maximum contribution was 4.93% .

Chrysophyceae 3 In course of the 18 months sampling
chrysophyceae was recorded during 9 months in System=-III
(Pig.20b). Lowest and highest numerical density of these algae
were 2 units/l end 460 units/1 observed during Decembey 1977
and February, 1978, respectively. They contributed éo 27.19%
to total phytoplankton in February, 1977 and only 0.14% in
Januaxry, 1977. *

Bacillariophyceae 3 In System-III, bacillariophyceae was
recorded throughout the study period, Their seasonal fluctua-
tions have been shown in Fig.20b. The maximum mumerical
abundance was in November, 1977 when 2580 units/1 was noted
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Pig.20a

Seasonal fluctuation in the mumerical density (unit/1)
of total phytoplankton in the Lady Hyderi Park pond.
(September, 1976 to February, 1978)

Fig,.20Db

Seasonal variation in the percentage composition of
phytoplankton in the Lady Hyderi Part pond.,
(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 by
diatoms in December, 1977 while their minimum contribution was
13.36% in April, 1977.

(b) Zooplankton s,

Variations in the total number of zooplankton ranged
from 68 - 1682 units/l1 in System<III as shown in Table-50,
Fig.21a. Highest and lowest values were found in March and
November,, 1977 respectively. The zooplanktonie organisms formed
a maximumgof 34.33% of the total plankton in March, 1977 vhile
their;minimnm contribution was 0,96% in the month of November,
1977,

Protozoa s Protozoans were recorded throughout tke study
period in this system (Fig.21b) with their peak in March, 1977
with 326 units/1 and the lowest mumber recorded was 5 units/l
in October, 1976. They formed 51.33% of the total zooplankton
in October, 1977 while they contributed 2.46% in October, 1976.

Rotifera 3 Minimum and meximum density of rotifer populations
were 6 units and 858 units/l, recorded in November, 1976 and
January; 1978 respectively. They were present throughout the
.seasons contribution 76,41% to the total zooplankton in
October, 1976 and 3,28% in December; 1976 (Fig.21b).

Ostracoda s During the total of 18 months study period,
ostracods were not recorded during February, May, July and
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November, 1977 and g}so 3n.February, 1972. Ostracods were
numerically dqminan{ in December, 1977 (26 units/1l) contributing
6;60% to the total count of zooﬁlankton. Their lowest number

wag found in April, 1977 with a&jue of 0.40 units/1. The lowest
percentage combosition, however, was 0.,05% recorded in March,
1977 (Fig.21b), §

Copepoda 3 Copepods were well represented throughout the
study period in System-III (Fig.21b), Their peak demsity of
99 units/1 was observed in June, 1977 contributing 39.40% to the
total zooplanktoh. The 1owe§t number has been recorded in the
month of January, 1977 forming 18% of the total zodplankion.

Cladocera $ Cladocer; p0pulation was most dominant in March,
1977‘reaching a density of 1138 units/l (Fig.22). The lovest
ccunt/litfg was observed in August, 1977 when only 8 units were
present, Their maximunm ooniribution in terms of percentage vas
83.,46% (December, 1976) and minimum was 9.46% in October, 1976.

(@) Associated organisms $

Except in the month of Feb¥uary, 1978, nematodes were
present throughout the sampling périod in this system (Table=50),
However, they were found in lovw numbers of which 7 units/i
was the maximum density-in'which mere trace recorded in
November, 1976 and Auguét. 1977. The lowest mean abundance

was 025 units/l in Jamuwary, 1977. They contriﬁuted 12,27% to
zooplankton counts in the month of May, 1977 and only 0,02%

in Jamuary, 1977.
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| Pig.,21a

Seasonal fluctuation in the numerical density (No/l) of
total zooplankton in the Lady Hyderi Park pond.
(S5eptember, 1976 to February, 1978

Pig.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 numerical density (No/1l) of
total Cladocera in the four stations of Ward Lake,Fish

Dale pond and Lady Hyderi Park pond.
(September, 1976 to February, 1978)
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In System=11I, statocystis gppeared only 3 times in
the plankton samples forming less than 0.65% of total
zooplankton and their maximum nnmﬁer recorded was 1 unit/l
(Table-50). '

Highest insect population has been recorded in the
month of November, 1976 with 9 units/l while the lowest value
was 0.50 units/1 (February and November, 1977). They formed
8.82% of the total zooplankton counts in August, 1977 and only
0.12% during Jemuary, 1977, These insects were recorded
throughout the study period (Table-50),,
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OCCURRENCE OF CLADOCERAN SPECIES

The different cladoceran species recorded in course
of the 18 months study period have been listed below separately
for each of the 4 stations of Ward lLake and Fish Dale and Lady
Hyderi Park ponds,

HARD LAKE 3

Station~I (WI) s A total of 11 species of Cladocera
have been recorded in WI of which Chydoridae was most dominant.
The other families recorded here included Sididae, Daphnidae
and Bosminidae with 1, 2 and 1 species respeotively as shown
belows

Family Sididae 3
Diaphanosoma excisum

Family Daphnidee 3
Ceriodaphnia cornuta
Scapholeberis kingi
Simocephalus exspinosus

Family Bosminidae 8
Bosmina longirostris

Family Chydoridae 2
Chydorus sphaericus
Biapertura affinis
Camptocercus australis
Acroperus harpae
Pleuroxus similis
Alonella excisa
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Station=II (WII) 3 Only 7 species representing 4 families

were recorded in this station as shown below

Family Sididae 3
Diaphnosoma excisum

Family Daphnidae:
Daphnia 1umh§ltzi
Scapholeberis kingi

Family Bosminidae 3
Bosmina longirostris

Family Chydoridae 3
Chydorus sphaericus
Biapertura affinis
Alonella excisa

Station=III (WIII) s In WIII, a total of 10 species have been
recorded belonging to Daphnidae, Macrothricidae, Bosminidae and
Chydoridae. The different species recorded in this station are
shown belows

Family Daphnidae 3
Scapholeberis kingi
Simocephalus exspinosus

Family Macrothricidae 3
Ilyocxruptus spinifer

Pam;ly Bosminidae
Bosmina longirostris

Family Chydoridae 3
Chydorus sphaericus
Biapertura affinis
Camptocercus australis
Acroperus harpae
Pleuroxus similis
Alonella excisa
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Station=IV (WIV) s Altogether 14 species of Cladocera have
been recorded from this station and Chydoridae were found to be
dominant. Family Moinidae was present in this station.

Family Sididae
Sida orystallina

Family Daphnidae ¢
Scapholeberis kingi
Simocephalus exspinosus
Simocephalus serrulstus

Family Moinidae 3
Moina micrura

FPamily Bosminidae 3
Bosmina longirostris

Family Chydoridae 3
Chydorus sphaericus
Biapertura affinis
Camptocercus australis
Acroperus harpae
Alonella excisa
Pleuroxus similis
Alona sp.
Alonella nana

Thus the record of all cladoceran species ocourring
in different parts of Ward lLake, when summed up represented the

total oladoceran species composition of the lake as listed belows

Family Sididae 3
Sida crystallina
Diaphanosoma excisum




Family Daphnidae
Daphnia lumholtzi
Cexriodaphnia cornuta
Scapholeberis kingi
Simocephalus exspinosus

Simocephalus serrulatus

Pamily Moinidae
Moina micrura

Family Maorothricidae
Ilyocryptus spinifer

Family Bosminidaes
Bosmina longirostris

Family Chydoridae
Chydorus sphaericus
Biapertura affinis
Oamptocercus!australis
Acxroperus hafﬁae
Alonella excisa
Alonella nana
Pleuroxus similis
Abona sp.,

FISH DALE POND 3

The nmursery pond at Fish Dale exhibited the following
gpecies composition of Cladocera during the 18 months study
period

Family Daphnidae 3
Scapholeberis kingi
Simocephalus exspinosusg

Pamily Bosminidae 3
Bosmina longirostris
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Family Chydoridae $
Chydorus sphaericus
Acroperus harpae
Pleuroxus similis
Alonella excisa

LADY HYDERI PARK POND 3

A total numbexr of 9 species of Cladocera belinging to
families Daphnidae, Bosminidae and Chydoridae were recorded in
this system, The species list is furnished below:

Family Daphnidae 3
Daphnia 8p.
Scapholeberis kingi
Simocephalus exspinosus

Pamily Bosminidae 3
Bosmina longirostris

Family Chydoridae 3
Chydorus sphaericus
Biapertura affinis
Acroperus harpae
Pleuroxus similis
Alonella exocisa

In Table~51 the representation of different Cladocera
gpecies in the 3 systems taken for comparative study has been
given, A total of 19 species have been recorded in these three
systems., Ward Lake appeared t0 contain the maximum number of
species, although 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 cladoceran
species in Ward Lake, its four stations, Fish Dale
and Hyderi Park ponds during September, 1976 to
February, 1978.

Species WI WII WIII WIV*WL %D *1H

Family Sididaes
Sida orystallina -
Diaphanosoma excisum
Family Daphnidae 3
Daphnia lumholtzi
Daphnia sp.
Ceriodaphnia cornuta
Scapholeberis kingi
Simocephaius exspinosus
Simocephalus serrulatus
Family Moinidae 3
Moina miorura - - -
Family Macrothricidae 1
Ilyocryptus spinifer - - + - ¢ - -
Family Bosminidae 3
Bosmina longirostris + ¢ * +

FPamily Chydoridae 3
Chydorus sphaericus
Biapertura affinis
Camptocercus australis
Acroperus harpae
Pleuroxus similis
Alonella excisa
Alonella nana
Alona sp. - -
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Total-19 11 7 10 14 18 7 9

* WL represents Ward Lake, *FD, Fish Dale Pond & *1H, Lady Hyderi
Park Pond.



SEASONAL DISTRIBUTION OF DIFFERENT CLADOCERAN SPECIES

Seasonal distribution of different cladoceran species
in WI, WII, WIII, WIV, Pish Dale pond and Lady Hyderi Park pond
have been shown in Figs., 23, 24, 25, 26, 27 and 28 respectively.

Family Sididae 3

Sida crystallina 3 This speciés is a weed inhabiting form,
generally found in ponds and lakes,

This species was present only at WIV of Ward Lake
(Table~51), They occurred in this station for fﬁe first time at
the end of February, 1978 and hence no detailed study was ‘
attempted on this species as their density wasaalso very lov,
Distribution : Cosmopolitan. -

Diaphanosoma excisum § This species was first recorded from

India by Sewell (1935) from Calcutta area, Later Biswas (1971)
and Nayer (1971) recorded it from the state of Rajasthan, India,

Distribution 3 Common in tropics and subtropics.

In the present study D. excisum was recorded in WI
and WII of Ward Lake. |
WI ¢ D. excisum occurred in this station in the month of
April, 1977 (Fig.23).
WII ¢ In this station D. excisum occurred in the month of
September and October, 1976 and June and July, 1977,while
absent during the rest of the study periocd (Fig:24).



Pamily Daphnidae 3
Daphnia lumholtzi s Sewell (1935) recorded this species from

Calcutta, Biswas (1971) and Nayer (1971) from Rajasthan and
Michael (1973) récorded it from Tamil Nadu, India.
Distribution s Australia, Africa, Egyp!t and also wide spread in
Asia,

D. lumholtzi was recorded only from WII of Ward Lake
(Table~ 51, Fig.24) and that too present only in the month of
February, 1978. This species, like Sida crystallina, made its

appearence towards the last part of February, 1978, as a result
no detailed study on its seasonal occurrence and population

dynamics could be worked out.

Daphnia sp. s 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
gystem: An attempt was made to collect this species in the
subsequent year although wiéhout success (Table=51, gag,zei.

Ceriocdaphnia cormuta s C. cornuta was first recorded by
Gurney (1906, 1907) from West Bengal, India. Sewell (1935)
again recorded it from West Bengals Biswas (1971) and Nayer
(1971) recorded (. cormuta from Rejasthan while Patil (1976)
recorded from the Meghalaya state of India.

Distribution : Cosmotropical, also recorded from China and

Japan,

This daphnid species was recorded only at WI of Ward
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Jeke and was absent in all other sampling stations and systems.

In WI Ceriocdaphnia cormuta has been recorded during the whole

of June and July, 1977. This species was absent during the rest
of the study peripd (Fig.23).

Scapholeberis kingi 3 This epineustic specles vas first

reported from India by Gurney (1906, 1907) from West Bengal.,
Brehm (1936) recorded it from Kashmir and Nilgiri Hills in
South India. Subsequently Biswas (1971) and Patil (1976)
reported it from Rajasthan and Meghalaya respectively.
Distribution s Africa, Australia, North America, Ceylon; India,
Germany, China, Thailand and Indonesia.

In the present study Scapholeberis kingi has been

recorded from all the 3 systems,

Wl ¢ This species dccurred from the very beginning of the
study (September, 1976) and continued upto January, 1977
" (Fig.23, Table=51). 8. Kingi was not recorded during
Pebruary, 1977, April, 1977, Jamary, 1978 and Bebruary,
1978.
WII 3 In WII, in course of the 18 months study commencing from
September, 1976 to February, 1978, Scapholeberis kingi

was recorded only in the months of October and Novenmber,
1977 (Fig.24, Table-51).

WIII s Seasonal distribution of S.kingi in WIII has been
somewhat different (Fig.25). Trey were present during

the months of September (o November, 1976, They were not
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recorded from December, 1976 to February, 1977 vhile 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.

WIV ¢ WIV exhibited a different pattern of occurrence of
S. kingi., They were recorded only during September, 1976,
October, 1976 and March, 1977. During the rest of the
period they were absent (Fig.26).

Fish Dale pond s In this system S.kingi was recorded from

! September, 1976 till Jamuary, 1977. They appeared again
in March, 1977 aﬁd vere absent from plankton during the
rest of the study period except in August and September,
1977 (Fib: 27).

YLady Hyderi Park pond : Occurrence of Scapholeberis kingi was

-very patey in this system and were only recorded during
the months of April, July and November, 1977: They were
absent during the remaining 15 months (Fig.28).

Simocephalus exspinosus s This is a littoral species recorded

from the vweed beds., First record in India was that of Patil

(1976) from Meghalaya. Sharma (1978) reported it from around
Calcuttez, India.
Distribution ¢ Cosmopolitan,
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Simocephalus exspinosus was present in WI, WIII and
WIV of Ward Lake, Fish Dale @s well as in Lady Hyderi Park pond.
WI s Ssexspinosus 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 again absent
during March and April, 1977, They appeared once again
in the samples of the months of June, July,:Avdgust and

September, 1977+ S: exspinosus vas absent in Ooctober,

1977 only to appear again in November; 1977 and later
ocourred during Jamary and February, 1978 with total
absence in December, 1977.

WII ¢ This species was altogether absent throughout the study

period at this station (Table~51).
WIII.:s S. exspinosus 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 abundance of Simpecphalus

exspinosus and occurred throughout the 18 months study

period excepting November, 1977 (Fig.26).

Fish Dale pond '3 Distribution of S.exspinosus was restricted

only 2 months namely, March and July, 1977 with poor
numerical density (Fig:27):
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Lady Hyderi Park pond : Simocephalus exspinosus was recorded

during the months of November and December, 1976,

March, April, June, July and December, 1977, while

Seing absent during the rest of the period (Fig.28).
Simocephalus serrulatus s This is a weed inhabiting form,

common everyvhere, This daphnid speécies was present only in
Station-WIV of Ward Lake and was recorded during the months of
January, Pebruary and June, 1977 (Fig.26, Table-51).

Pamily Moinidae 3

v

Moina mixrura z Brehm (1936) reported Moina micrura from the
Nilgiri Hills in South Indias; Biswas (1971) recorded this
species from Rajasthan in the North-Westerm 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 Macrothricidae

Ilyooryptus spinifer : Indian records of 1. spinifer were
those of Gurney (1907) from Calcutta, Biswas (1971) from

Rajasthan and Patil (1976) from Meghalaya.
Distribution ¢ Pantropical; also recorded from USA, China and
Cuba,

Though I, spinifer is a bottom inhabiting form, it
mEght have made accidental appearence in the plankton collections
of during November, 1976 at WIII of Ward Lake (Table~51,Figs25).
It vas totally absent in all other stations and systems.
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Family Bosminidae

Bosmina longirostris s The two earlier distributional records
of this species in India were those of Brehm (1936) from Kashmir
and Patil (1976) from Meghalaya. o
Distribution 3§ Cosmopolitan

Bosmina longirostris was the sole species representing

this family and was found to be present in all the 3 systems

namely, Ward Lake, Fish Dale end Lady Hyderi parak ponds.

Wl s This species was recorded in all the 18 month's collec-
tions and thus was continuously present (Fig.23).

WII s In WII B.longirostris was present throughout the study
period except in June, 1977 when no animal could be
recorded (Fig.24).

WIII s The seasonal disiribution of B. longirostris has been
somevhat irregular in this station as they were absent

. during November and December, 1976, February, April,
July and Decémber.1977 and also during February, 1978
(Fig.25).
WIV 3 Bosmina longirostris was present during‘8 out of the 18

months study and was thus present in April, May, June,
September, October and December, 1§77 and also in
January, 1978 (Fig.26),

Pish 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 Névember and . '
December, 1976 and again in March and December, 1977 (Fig.27)
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Lady Hyderi Park pond 3 Except in the months of May and July,
1977, B. longirostris has been represented in the collected

samples of all other months during the study period (Fig;28).
Pamily Chydoridae

Chydorus sphaericus was recorded from India by Gurney

(1906, 1907) from Calcutta and Chakradharpur, Bihar, Brehm (1936)
reported from Kashmir and Nilgiri Hills while Patil (1976) '
recorded this species from Meghalaya.

Distribution s Cosmopolitan.

Chydorus sphaericus was the most common among. all the

chydorids occurring in Ward Lake, Fish Dale and lady Hgderi
Park ponds,

1

WI ::Throughout the season starting from September, 1976 to

February, 1978 C. sphaericus was present continuously in
this station (Fig.23).

WII ¢ 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 (Fig.24).

WIIIl: C.sphaericus was present throughout the study period
(Fig.25).

WIV 3 Once again this chydorid species was recorded throughout
the 18 months study period in this: station QFig.26).

Fish Dale pond 3 In this system C.sphaericus was recorded

throughout the study period except during July to
’ September, 1977 (Fig.27).



Lady Hyderi Park pond s Chydorus sphaericus had a continuous

distribution in this system during the 18 months study
(Fig.28).

Biapertura affinis : 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 Hyderi Park pond
vhile was absent in Fish Dale pond.

WI s This species was distributed almost throughout the season
except in the collections of November, 1976 and April and
May, 1977 (Fig.23).

"WII s Biapertura affinis has been recorded only on three
occasions namely, November, 1976, February and April, 1977
and that t00 in very low numbers (Fig.24).

WIII: In WIII, B._affinig was contimdously distributed from
September, 1976 to April, 1977. It was absent in May, 1977
and again present in June and July; 1977, only to be absent
in August, 1977 followed by its presence in September, 1977
to finally disappear in October, 1977. They appeard again
in the months of November and December, 1977, disappeared
in January, 1978 and again reappeared in February, 1978
(P1g.25). |

WIV ¢ Distribution of Biaﬁertura 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 (Fig. 26).

Fish Dale pond. 3 B. affinis never appeared in this station

(Table~-51).

Hyderi Park pond : Out of the 18 months, B. affinis was

present only during 8 months, namely, September and
October, 1976, February, March, June and July, 1977 and
January and Pebruary, 1978 (Fig.28).

Camptocercus australis ¢ In India this species was recorded

by Brehm (193%6) from Kashtmir, Petkovski (1966) from Gujrat,

Patil

(1976) from Meghalaya and Sharma (1978) from West Bengal.

Distribution ¢ Also reported from Australia, USSR,

Ll
Camptocercus jausfceldisis was present in WI, WIII and

WIV of Ward Lake vhile absént in Fish Dale and Lady Hyderi Park

ponds.,

WI ¢

WII

i
.

1
!

The seasonal occurrence of this species has been shown
] P

et S St

in Fig.23. Out of th% 18%monﬁﬁs, this species was present
during 9 months viz.f Se%tember and October, 1976, absent
in November and agaié ap;eared in December, 1976. It was
absent énce again during{January and February, 1977. Among
the remaining months its presence has been recorded in the
months of March, April, June, July and August, 1977 and
also in January, 1978,

This species was aﬁsent in this station throughout the

study period (Table~51). ‘



199

WIII sCamptocercus iauitiavizis has been recorded in this station

throughout the study period (Fig.25).

WIV 3 At this station C.(Bust¥aidsris>has been recorded only
during the months of September and October, 1976 and
again in March and April, 1977 (Fig.26).

Acroperus harpae : Acroperus harpae has been recofded 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
Fish Dale and Lady Hyderi Park ponds.

WI s During the vwhole study period this species was not recorded
during 4 different months, These were December, 1976,
September, 1977, December, 1977 and January, 1978. During
the remaining months they were continmously present (Fig.23).

WII : A:; harpae was never recorded in WII (Table~51).

WIIT ¢ Except in January, 1977, 1978 and July, 1977 this species
was recorded throughout the season (Fig.25)s

WIV 3 A. harpae was present only during October and November,
1976: During the other months they were absent in this
Station (Fig:26).

Fish Dale pond s This species was recorded only in the month of
October, 1976 (Fig:27).

Lady Hyderl Park pond s A. harpae was present during the greater
paxrt of the season and only absent during the months of



Jamiary, February; August and December, 1977 and Februaxy,
1978 (Fig.28).

Pleuroxus similis s Pleuroxus similils was recorded by Sharma

(1978) from West Bengal, India,

Distributions Australia, Ceylon, Chile and Russia.,

Pleuroxus similis has been recorded in WI, WIII and

WIV of Ward Lake as well as in Fish Dale and Lady Hyderi Park

ponds.

WI s Ps similis has been distributed only in the months of
March and April, 1977 in this station (Pig.23).

WII ¢ This species was never recorded in this station (Table-51).
WIII: In WIII P. similis wes seen only in the months of
October and December, 1976 till March, 1977(Fig.25).

WIV 3 At this station, P. similis was recorded only on 3 occasi-
ons namely, March, May and July, 1977 (Fig.26).

Fish Dale pond 3 Pleuroxus similis has been found to occur only

during the months of November and December, 1976 while
absent during the rest of the period (Fig.27)

Lady Hyderi Park pond s This chydorid species was recorded at
this station on a single instance in the month of
December, 1976 (Fig.28).

Alonella excisa ¢ Alonella excisa occurred in all the stations
of Ward Lake and the ponds at Fish Dale and lady Hyderi Park.
Distribution : Throughout America and Afia.
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Wi : In WI A.excisa was present throughout the greater part
of the season except during the months of April, May,
July, September and October, 1977 (Fig.23).

WII s In this deep open water station A. excisa vas recorded
only once in November, 1977 (Fig.24).

WIII: Alonella excisa was well represented throughout the season

except in the months of lMarch, October and November, 1977
(Figs25) s ,

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
PFebruary,; 1977, reappeared in March, 1977 followed by a
iong period of absence up?o the month of November, 1977.
Again from December, 1977 to February, 1978, they were
present (¥ig.26).

Fish Dale pond s A. excisa was present on only one occasion in
the month of May, 1977 (Fig.a7).

. Lady Hyderi Park pond 3 This system exhibited a slightly R
different picture with regards to the occurrcnce of
A+ excisa; This species was present in altermate months
£rom September, 1976 till May, 1977. From May, 1977 to
September, 1977, they were contimuously present. In the
month of October.‘1977 they again disappearced to reapper
in November, 1977. From December, 1977 till the end of the
present investigations (February,1978) they were absent
(Fig.28).
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Occurrence and seas

onal distribution of different cladoceran
Species in Statjon-T (WI) of Warg Lake dqurin

g September!1976
to February,1978,
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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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Pigo.25

- Occurrence and seasonal distribution of different cladoceran
species in Station-III (WIII) of Ward Lake during September, 1976
' to February, 1978.



mh_mhﬁ Ezaﬁmhq;rﬁwzazqm: oll ST
3 C R J L N
\ 3
L J I ]
1 ) [
] _ ] C
| S —
] 7 C 1
] T3 O T3 ¢

SIY1SO¥IIONOT
VNINSO8

434INIdS
SN1dAYI0ATI

{ONIX
SIY3E3T0HAVIS

SNSONIdSX 3
SNTIVHJ3J0NWIS

VSIJX3
V113NOTV

SITINWIS
sSNXo¥N31d

JVdyVH
SNY34043V

SIvyisny
SNJY3IJ01dWVI

SINt43V
vdNiyg3dvisg

SNJIY3VHJS
SNH0QAHD

GZ b4



Pig.26

Occurrence and seasonal distribution of different cladoceran
species in Station=-IV (WIV) of Ward Lake during September, 1976
to February, 1978.
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Fige27

Occurrence and seasonal distribution of different cladoceran
species in the Pish Dale pond during September, 1976 to
February, 1978.
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Fig.28

Occurrence ang Séasonal distribution of different cladoceran
species in the Lady Hyderi Park pond during September, 1976
to February, 1978,
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Alonella nana ¢ A, nana , a very small species of chydorid

appeared only once in plankion 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 Fish Dale and Hyderi Park
Ponds (Fige.26).

Distribution s Holargtic regions. European USSR to Baikal area.

Alona sp. 3 This species was recorded in the month of
December, 1976 in WIV of WArd Lake, while it was absent in all
other stations and systems (Fig.26).
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POPULATION DENSITIES OF DIFFERENT CLADOCERAN SPECIES

The numerical density of different species of Cladocera
recorded in different stations and the three systems are being
dealt with in this Part in a comparative way, following the

species sequence given in Table<51,

Family Sididae

Sida crystallina s This species was recorded only in WIV of

Ward Lake towards the end of the 18 months study period. Hence
no detailed:pupulation parameters could be studied (Table~52).
They were not recorded in Fish Dale and Lady Hyderi Park ponds,

Diaphanosoma excisum : D, excisum was recorded in WI and
WII while they were absent in WIII, WIV, Fish Dale and Lady
Hyderi Paxrk ponds.

WI 3 In WI, D. excisum was recorded 6nly during April, 1977
with ‘a density of 1 animal/l which formed 0.39% of the
total Cladocera count in that month (Table-52).

WIXI At this station, D. excisum appeared in the collectionsg
of September, 1976 with 10 animals/l. This contributed
4.79% to the total cladoceran abundance of 209 units/1
during that month. This species also appeared during
October; 1976 and June and July, 1977, with insignificant
densities (Table-52).
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Family Daphnidae s

Daphnia Yumholtzi : Out of the total of six sampling
stations D.lumholtzi occurred anly in WII, In this station
highest numerical density recorded was less than 1 unit/l1 in
February, 1978. They formed 33.33% of the total cladoceran
count (Table<52),

Daphnia sp. 3 This species was only recorded in the lLady
Hyderi Park pond and was absent in Ward Lake and Fish Dale.pond.
In Teady Hederi Park pond this Dephnia sp. appeared only during
the last week of April, 1977 with a density of 6.4 units/1 and
formed 18.54% of the total COladocera (Table-52),

Ceriodaphnia cornuta ¢ This species was only present in the
WI of Ward lLake. Ceriodaphnia cornuta has been recorded during
the later half of June, 1977 and extended till the emnd of July,

1977. The density of this species for Jume, 1977 was 8,75/
vwhich formed 20:96% of fhe total claddoceran population of 41.75
units/l. The density during July, 1977 was 32,67 animals/1l.
(Table~52) ¢

Scapholeberis kingi : S. Kingi was recorded in all the four
stations of Ward Lake as well as the Fish Dale and Lady Hyderi
Park ponds. Seasonal fluctuations in the numerical density of
Sukingi has been shown in Table-=53 and Fig«29:

WI s The highést number of animals per litre was 17.5 units
in October, 1977 while the lowest number recorded was
0.40 units/1 both in January amnd April, 1977.
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The population density curve showed a moderately
high value of 12:67/1 in September; 1976 which declined
gradually becoming absent totally in February, 1977.
Mardﬁil1977 had a value of 6.25/Q which declined in April;
1977 (0.40 units/1l) followed by gradual rise in density
reaching the peak value in October, 1977 with 17.50 units/1l;
The months of November and December, 1977 showed lower
values followed by complete absence during the remaining
two months of the study periods

At this station this epineustic form was recorded only
during October and November, 1976 (Table=53%,Fig.29).
S. scapholeberis counts were 0.25 and 0433 units/l,

WIII :In WIII, the highest density of $.,kingi has been 7 animal/l,-

recorded in April, 1977 vhile the lowest abundance was
0,50 units/l in November, 1977 (Table-53,Fig.29). During
the 18: months study period in September, 1976 a value of
3+25 units/l was noted which became low in Oectober, 1976
(0.75 ﬁnits/l) and increased again in November, 1976 to
3450 units/1 followed by complete absence from December,
1976 to February, 1977. In March, 1977 the value Qas

5.75 units/l with the highest value of 7 units/l in April,
1977. May, 1977 showed a lower value which rose again
reagBizg 5 units/l in August, 1977. The population density
decreééed:further reaching lowest value in November, 1977
followed by complete absence in Jamuery and February,1978.
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WIV : Seasonal abundance of 8, kingi in WIV has been shown in
Pable~53 and Fig.29. This species appeared only on 3
" occasions out of the 18 months study period, The minimum
and maximum densities were 0,25 units/l and 0,50 units/l
observed in October, 1976 and both in November, 1976 and
March, 1977 respectively,

Fish Dale pond s S. kingi populations showed different pattern
in this pond (Table-53,Fig.29). They were highest in
density in September, 1977 with 40,50 units/l while the
lowest number was 1 unit/l, recorded in September, 1976
and Jamary, 1977. The population curve showed a gradual
rise from 1 unit/1 to 14.67 units/l during September, 1976
t0 December, 1976 which declined to 1 unit/l in January
only to totally disappear in February, 1977. In March,

. 1977, 9 units/3 was found followed by theie total absence
ti1l August, 1977 vhen a nevw generation appeared to have
developed reaching the maximum density in September, 1977

| vith 40,50 units/l. However, the population died away ét
the start of October, 1977 and were not recorded during
the rest of the period.

Lady Hyderi Park pond 3 Fluctuations in the population density
of Scapholeberis kingi in this system have been presented
in Table~53 and shown graphically in Fig,29, This species
though present, seemed never to have formed dense populas

tions. S; kingi was first recorded in March, 1977 with
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¥ig.29

Seasonal variations in the population density (No/L) of
Scapholeberis kingi in the foursstations of Ward LaXKe,
¥Fish Dale pond and Lady Hyderi Perk pond during
S)eptember’ 1976 to Februal'y’ 19780
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335 units/1 and continued through April, 1977 forming

thé highest density of 5.6 units/l. They were not recorded
during May and June, 1977. Two minor densities of 0.25
units and 0,50 units/l were noted during July and November,
1977 respectivelys

Simocephalus exspinosus 3 Except for WII of Ward Lake this

species appeared in all other sampling stations.

WI

WII 2

WIIIs

The highest numerical abundanceé of this species in WI was
381 units/1l in Pebruary, 1977 while the lowest was in
May, 1977 with only 0.33 units/l. Population dynamics of
S, exspinosusg in WI has been shown in Table-54 and Fig.30.
February, 1977 and 1978 showed the two numerical maxima
of Simocephalus populations while'during the rest of the
study period population density showed little fluctuation
as it ranged from 0.33 units to 4 units/l only.

Simicephalus exspinosus was never resorded in this

gtation:,

Table-54,Fig.30 show the seasonal fluctuations in the
population density of 8. exspinosus in WIII, Except during
the months of July, 1977 and Jamary, 1978, this species

appeared throughout the season. Their highest abundance
was marked by 38 units/l observed during November, 1976
while the lowest was in January, 1977 wheh only 0.2 units?;l
was seen, Numeriocal density of S.exspinosis was restricted

t0 the range of 0,20 « 5 units/1 except for the month of
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N
peak density observed in November, 1976.

In WIV Simocephalus exspinosus showed highest abundance

as compared to all other sampling stations (Table-54,
Pige30)s Their maximum density was 676:50 units/l in
September, 1976 forming 77.05% of the total cladoceras
Their lower limit, on the other hand, was 0.50 units/l
(February, 1978) forming 5.0% of the total Cladocera.

From September, 1976 onwards Simocephalus populations were

continuously recorded till October, 1977, 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 t In this station §;gocéphalus vas recorded only

twice forming less than 14 of the total cladocera (Table-54,
Fig+30). In March, 1977 unit/l was recorded which formed
0.93% of total cladocerans 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): The maximm
numerical abundance was 3 units/l in March, 1977 vhile the
lovest number recorded was 0.25 units/l1 in the month of
June, 1977. They had a somevhat sporadic distribution in

this pond and were recorded during November and December,
‘4:1",1’" e
<2 o ALL ™
1977 and als i
- t'\ r‘(
AN

R
i’/:;/’ . 3

E

e "

&
\*» “ /

19763 March and April, 1977 June and July,
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Pig.30

Seasonal variations in the population density (No/1l) of
Simocephalus exspinosug in the four stations of Ward Lake,
Fish Dale pond and Lady Hyderi Park pond during
September, 1976 to February, 1978.
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November, 1977

Simocephalus serrulatus t This species was recorded only in
WIV of Ward Lake in December, 1977 forming a population of 0,25
units/1 density., They were not recorded in Fish Dale and Hyderi
Parﬁgponds (Table-52),

Family Moinidae 3

Moina micrura ¢ Moina micrura was recorded only in WIV of

Ward 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/1;
thus resulting in the monthly average value of 0,25 units/l
(Table-—52)*_. ]

Panily Macrothricidae 3

Ilyooryﬁtus spinifer s Ilycryptus spinnifer was recorded only
in WIII of Ward Lake (Table-52). They were not found in any of
the other sampling stations; In WIII, they were found only
during October and November, 1976 with 4 wnits/l and 3 units/l
respectively: In October, 1976 they contributed 7,48% to the
total Cladocera while only 2.28% .in November, 1976,

Family Bosminidee ¢

Bosmina longivestyis i D+ Longlrosiris was present in all
sampling stations.

WI sSeasonal fluctuations in the population density of
B.,longirostris in WI have been shown in Table~55 and

Pigs31e The highest numerical density of this Bosminidae
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was in December, 1977 with 288 units/1 while the lowest
was in January, 1977 vhen only 2.2. units/1 were found.
Prom September to,November. 1976 these organiism did .not
exhibit much difference in population density which was
followed by a maxima in December, 1976 (284 units/1),

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/l vere observed during
September and October, 1977. In December, 1977 the highest
value wvas seen while low densities were observed in

November, 1977, January and February, 1978.

In this station B. longirostris was present throughout

the study period except in June; 1977. Their highest
recorded numbver was 225 units/l while the lowest was 0,50
units/1l 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/l.
The densities were low from October, 1976 to August, 1977

and also from October, 1977 to February, 1978 (Table-55,
Fige31). "

In WIII the maximum numerical abundance of B.longirostris

was in September, 1977 with 15.50 units/1 while the
lowest number was found in Jamuary, 1977 with only 0.40
units/l. Three distinct maxima were observed during

- .y "y
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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
longirestris was not recorded at this station. The winter

maxima observed in 8tation-XII was not recorded here.

The hiéhes@ density of Bosmina population was observed in
this station (Table-55,Fig.31)« Minimum and maximum
densities of B, longirestris were 0.20 units/1 and 1080

units/1l recorded during September, 1977 and November, 1977
respectively. This species was not recorded during the
months of September, 1976 to December, 1976, February,
March, July and August, 1977 and‘also in Febrxuary, 1978.

Fish Dale Pond $ Seasonal fluctuations in {the population

density of B. longirostris have been shown in Table=55,

Pig.31. The total range of pupulation demsity of this
species in this system varied from 0.50 «81.15 units/l.
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 higher values with a peak in July, 1977 with
81.15 units/1l, After a low density of 1 unit/l in
January, 1978 the population density showed increase in
February, 1978 with 2Tunits/l.
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FPig.31

Seasonal variations in the population density (No/l) of
Bosmina longirosiris in the four stations of Ward Lake,
Fish Dale pond and Lady Hyderi Park pond during
September, 1976 to February, 1978,
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Lady Hyderi Park pond 3 Of the total 18 months sampling period;
B, longirostris was almost always present in this system

except in the months of May and July, 1977 as shown in
Table«55 and Fige31. The highest density of B.longirostris
was in March, 1977 with 1082.50 units/1 and the lowest

was 0,25 units/1l in June,; 1977. Three distinet maxima were
cbserved during the study period. The first higher value
was seen in Jamuary, 1976 with 711.00 units/1, followed
by the peak value (1082+5) in March, 1977 while the third
higher value was recorded in December; 1977 with 225 | .
units/ls Both the months of Deecember, 1976 and Jannary;197§
exhibited somewhat higher values, During the rest of the
period B.longirostris ranged between 0:i25 to 32,50 unitsl.,

Family Chydoridae s

Chydorus sphaericus 3 C.sphaericus was present in all of the

3 systems and also in all stations of Ward Lake,

WI ; In WI C:sphaericus was present throughout the study period

(Table<56, Fig.32). In september, 1976 the numerical
density was 14.33 units/1 which gradully declined to reach
1433 wunits/1 in December, 1976, From January, 1977 an
increasing trend was noticed reaching the value of 29
units/1 in PFebruary, 1977. March, 1977 marked another low
density period with 3:50 units/l followed by an increase
in April, 1977 and in May; 1977 the density reached

11:67 units/l which again declined till July, 1977 only

to increase further to reach the value of 15 units/l in
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October, 1977. From November, 1977 to January, 1978 the -
population was law in density while February, 1978 showed
a @istinot maxima with 25,50 units/l¢ Lowesj and highest
déﬁsities were 1a33 and 29 units/1l recorded during
Deeember, 1976 and February, 1977 respectively.

WII j In this open water atation Ghydorus sphaericus was

'recorded only during September and October, 1976 and also
&uring Septembers 1977 QTable~56,Fig.32). Highest numeriocal
density was 1 unit/l during September, 1977.

WIIIs Seasonal fluotuatlons in the populaxion density of C.
; sghaerlens has been pregented in ?ableoss and Fig.32.
.This speclies was present throughout thé;study‘pe?iod in
- WIII and'theix maximum density was 45 units/l in November,
19765.Tﬁo other maxima in density‘werqéin March;1977 with
31425 units/1 and November, 1977 with 40 units/l. Lowest
nnmerical abundanoe vas in kugust. 1977 vhen a density

of 2. 75 uwnits/l was recordeda a

WIV 3 In WIV population demsity of . spaericus was (Table-56,

| Figi32) maximun in September; 1976 with 100 units/l and

© oentinued +ill October; 1976;.They~disappeaxed,completely

. 4n Novembery; 1976 only reappear &in pecembgr,.1976 vhen &
density of 28475 units/l was recorded. From Jamary |
to Sugust, 1977 population density of Lo sgaerféué ranged
»beiween'tw75¢€%19@25 units/Y« August, 1977 exhibited'a
density of 60 units/lzwhich~declined éubseguently to
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reach the value of 3,50 imots/l in Janwary, 1978. The
iowest density, however, was recorded in August, 1977
with only 1.75 units/1.

Fish Dale pond s The namerical density of C.sphaericus in this
system is as shown in Table=56 and Fig.32. During period
from September, 1976 to December, 1976, October and
November showed comparatively higher density with 10.50
and 11,25 units/1l respectively. In December, 1376 and
January, 1977, the population density was low vwhile
February and March, 1977 showed active period of growth
and the population eontinued till June, 1977 only to
disappear in July, 1977. C. sphericus reappeared again
in the plankton samples in October, 1977 which reached the
maximum density in February, 1978 with 24.50 units/1l.

The lowest value was recorded in June, 1977 with 0.33
units/1,

Lady Hyderi Park pond s The lowest and highest numerical
abundance of Chydorus spaericus in this system were those
of August, 1977 and November, 1976 with 1.67 and 119,33
units/l respectively, This system showed a higher

population density during the major period o€ the season
when compared with other systems. With the exception of
August, 1977 vhen the lowest density was seen, numerical
density values ranged between 3.40 = 119,33 units/1l.


file:///-iith

00°*9t 0s°¥e 06°¢ oo*ct - 0§°SC Lrenzqag

00°¢ 00°9 0S°% 00°6 -  08°¢ KLrewre p
aLol
056° LY 00y 00°2t  06°S - Q0°C Iaquede(q
06°9 05°0 0s° Y 00°0t - 06°LL IoquoAON
06°9 00°*tL 00°L6 0g°ct -  00°Gl X8q03°0
0s°ch - 00°09 0s°tL 00°L 06°9 Ioquetdeg
Lo°L : - A €eeoe -  00°9 3ensny
00°0% - 00°6 002t - gcoe L
06°82 €¢°0 Ge'Yy GL'g -  00°S sunp
06V 0S°0 L9*¢c.  00°Ll - L9°it Lep
L3 ov°¢ 00°2 62'6): 6L°2 - 02°¢ Trady
. cLech 00° L AL B 5 -  0§°¢C yo.xey
05°6 00°6!L o0y  L9°22 - 00°62 Arenriqed
0s°L 09°¥ 09°*¢ 07°21 - 08°2 Lrenuep
IZ6t
L9°62 ¢e e qlL*ge et - ¢¢°l Xaque09(
ccoblt GeLl - 00°GY - 00°6 Ioqume AON
6L°01 06°0t 00°6L  GL*OL 06°0 GL°2i I9q0%00
G261 00°! 00°00b GL°8BL GL°0 <£°¥L xaqueldeg
; | 5Lt
o AIM  IITM  TIM  IM .
puod yred TIopAH AweT puod aTeQ USTL

*( gL6l ‘*Arenxqad 02 9L6L ‘Ioquotdeg ) spuod Ied
Txdpfy Lpe1 pue oTeq USTJ PUE oXeT PIepm JO €uoTielq ¥ oUg UT Bnofxeeyds
SUXOPAUD Jo (T/°of) A3Tsusp TeolIoumu dY) UT UoT}elIes Teuoseas SUTAOYS & 96-d1qBl



Pigs32

Seasonal variations in the population density (No/1) of
Chydorus sphaericus in the four stations of Ward Lake,
Fish Dale pond and Lady Hyderi Park pond during
September, 1976 to February, 1978.
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Biapertura affinis s Biapertura affinis was recorded in all

the three systems and in all stations of Ward Lake (Table-57).

WI 3+ In WI the highest recorded number was 8,0 units/1
observed in September, 1977. Although their number was
not very high. B.affinis was always present except in
November, 1976 and April and May, 1977. Lowest numerical
density was found in December, 1976 with 0.33 units/1l,
and their range of density value between December, 1976
to Mafch, 1977 was 0,33 to 2.5 units/l, From the month
of June, 1977 to February, 1978, B. affinis was continuous.
ly present ranging from 0,50 to 8.0 units/l (Table-57,
Fige33).

WII : In WII B.affinis was recorded on only 3 occasions namely,
November, 1976, February, 1977 and April, 1977 with a
maximum density of 0,33 units/1 (Table~57,Fig.33).

WIII: Numerical density of B. affinis in WIII has been
presented in Table-=57 and Fig.33. Highest number of
individualsw was observed in September, 1977 with 14
units/l. 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/1 increased t0 7.5 units/l1 in March,
1977, though with minor fluctuations. In April, 1977
the density decreased 40 4.5 units/l and B. affinis -
disappeared in May, 1977. Among the remaining months

é
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they were absent in August and October, 1977 and
January, 1978. Except in the month of September, 1977
vwhen the highest value of 14.0 units/1 was recorded,
numerical density of B, affinis .ranged betweem 0.75 to
3 units/l.

In WIV Bs affinis was recorded only during September, 1976
ti11 June, 1977. Highest density of B. affinis was in
September, 1976 with 11 units/l and the lowest value was
0.2 units/1 recorded in the months of October, 1976 and
January, 1977. During their period of occurrence also
(September, 1976 - June, 1977). B: affinis was not
recorded in the months of November, 1976, Pebruary and
April, 1977. During the rest of the period the density
was never more than 2 units/1l (Table-57, Fig.33).

Fish Dale pond 3 In this system B, affinis was recorded only

in October, 1976 with a density of 0.25 units/1 (Table=57).

Lady Hyderi Park pond 3 In this system, the seasonal fluotuations

of the numerical density was somewhat different (Table«57,
Pig.33). The highest density was recorded in June, 1977
with 8,75 units/l. In course of *he 18 months study,

they were recorded on 9 occasions with September and
October; 1976 showing a density of 0.25 units/l. Densities
during January to March, 1977 ranged between 1 to 1.75
units/1 while June and July, 1977 shoved a density range
of 4,0 to0 8:75 units/l. January and February, 1978, on
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Pig.33

Seasonal variations in the population density (No/l) of
Biapertura affinis in the four stations of Ward Lake,
Fish 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/1

respectively.

Camptocercus gustrakis : C. ausiralis was recorded only

at WI and WIII and WIV of Ward Lake. This species was absent

in Fish Dale and lLady Hyderi Park ponds.

WI

WII

$ Seasonal fluctuations in the numerical density of

C. australis in WI has been presented in Table-58 and
Fig.34. The maximum density was observed in December,

1976 with 12.67 units/1 while the lowest was 0.33 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 February, 1977 and were present comtimiously from
March to August, 1977 with a maximum density of 2.3%3
wnits/1 (July, 1977). In January, 1978, 8.0 units/1l was
recorded, They were absent from September to December,

1977 and February, 1978.

$C. austrilis was not recorded in this station.

WIIl: C. australis was present throughout the study period

except September, 1976 and March and October, 1977. With
their absence in September, 1976 C. australis

contimed through October, 1976 till February, 1977
showing highest abundance in January, 1977 with 5 units/1.
This population died at the end of February, 1977 and

were gbsent throughout narch. 1977. In the month of April,
1977, C. australis reappeared again to continue till
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September, 1977 vwith the maximum numerical density of

3 units/l. After a period of absence during October,

1977 C, australis continued.from November, 1977 till
February, 1978. The peak value of the numerical abundance
was 16,50 units/1 observed in November, 1977. The lowest
nunber was recorded in June, 1977 with only 0.75 units
(Table-56,Fig.34) .

In WIV C. austrilis showed two distinet pulses of the
population (Table-58, Fig.34). The first continued from
September, 1976 till November, ‘1976 when the highest
seasonal density was 5 units/l recorded in November, 1976,
The second population arocse in the nonth of March, 1977
and continued till April, 1977 with a density of 0.25
units/1 in both the months.

Lady Hyderi Park pond s C. austrdlis was absent in this pond.

Acroperus harpae 3 Acroperus harpae was recorded in all

the sysiems except in WiI{of Ward Lake, -

WMI s:Numerical density of A. harpae fluctuated during different

months in WI (Table-H9, Fig.}S). Highest population

'density was seen in September, 1976 with 21.67 units/l

which declined to 13.25 units/; in October, 1976 and
again increased in November, 1976 to the value of 18.33
units/l. This species was not recorded during December,
1976, September and December, 1977 and also in Jamuary, !

1978, Acroperus harpae was contimuously present from
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January to. August, 1977 with a density of 3 to 11,50
units/l. During the 18 months study period 2 maxima were
observed during FPebruary and April, 1977 with 11.50 and
8,60 units/l, although the peak value was in September,

1976 as mentioned earlier.

sAoroperus harpae was not recorded in this station,

WIII sSeasonal fluctuations in thepopulation density of

WIV ¢

A. harpae in WIIT have been shown in Table-59 and Fig.35.
Lowest and highest numerical densities were those of
August, 1977 and November, 1976 with 0,67 and 24.50
units/l respectively, They were not recorded during
September, 1976, Jamuary and July, 1977 and Jamwary, 1978,
From October, 1976 A. harpae populations increased to
reach the highest value in November, 1976 followed by

a declined in December, 1976 only to disappear in
Janvwary, 1977. In February, 1977 they appeared again
with 7,67 units/1 which declined in March, 1977 and rose
again to reach a densify of 24 units/1 in Aﬁril, 1977,
followed by a gradual decrease and complete absence in
July, 1977. From Augﬁst 1o December, 1977, this species
was continuously present ranging between 0.67 and 12,50
units/l. A value of 6 units/) was recorded in February,
1978 though they were absent earlier in January, 1978.

In station WIV A, harpae was recorded only during
October, 1976 with a density of 0.25 units/1 (Table=59).

\
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Fig.34
Seasonal variations in the population density (No/1l) of
Camptocercus australis in the four stations of Ward Lake,
Fish Dale pond and Lady Hyderi Park pond during
September, 1976 to February, 1978,

Fig.35

Seasonal variations in the population density (No/1l) of
Acroperus harpae in the four stations of Ward Lake,
Fish Dale pond and Lady Hyderi Park pond during
September, 1976 to February, 1978,




Fig.34

10( V\_lard lake Stn.l (WD

| = =—
<
> 1ol
E 10f
;C_l[ ward lake Stp. 11 (WID
o 3 B
E X
£ 1ol
zZ o ward lake Stn.TV (WIV)

of | —

5L ' .

Fig.35 —
9 10f ward lake Stn 1 (WD)

of mi
Ny - .
v ol
E o ward lake Stn III (WITD)
<
S ot \]
E _ .
E 1 ol
“ 79[

Lady Hyder! park pond ]
ot [::::=———— , — [,?>
7'5l

o N D JFMA o) A s oNDJF
1976 1977 1978


http://5ln.IV

Pish Dale pond $ In this pond also A. haxpae was only found
in OOtOberp 1976 uith 0025 mtSI].i

Lady Hyderi Park pond $ In this system A: harpae was absent
during January, February, August and December, 1977 and
February, 1978. Tixe numerical demsity was nevexr very
high and the highest value was 5.25 units/l in Sepiswmber,
1976 followed by gradual decline reaching 0,33 units/l
in December, 1976 and subsequently disappeared from
‘plankton in Jamuary end February, 1977. In March, 1977,
the demsity was 0.25 units/l vhich gradually increased to

_reach 2,75 units/1 in July, 1977 only to disappear in
August, 1977. During September, 1977 the numerical demsity
observed was 2,50 units/l followed by 1 unit/l during
October and November, 1977. This species disappeared in
December, 1977 onlv to reappe;n' again in Jamary, 1978
vith 5 wnits/l: The lowest and highest numerical
densities were 0,2 units/l in August, 1977 and 5.25 units/1
in September, 1976 respectively (Table~-59Fige35).

Rleuroxus similig ¢ P. similig was recorded in all the 3
systems except in the WII of Wazrd lLake,

WI 3 In WI, Pleuroxus similig vas only present during the
months of January and February, 1977 forming s maximum
density of 0.75 unit/le

WIII sIn WIII of Ward Lake, Plesuroxus similis showed a maximum
density of 7.33 units/l in Pebruary, 1977 (Table=60),
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This species was also recorded in October, 1976 (0.25
units/1), December, 1976 (1.33 units/1l) and January, 1977
( 4 units/1).

WIV : 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.

Fish Dale pond 3 P. similis occurred only during November and
Decenber, 1976. The density of population never exceeded
0.67 units/1 (Table-60),

Lady Hyderi Park pond 3 Pleuroxus similis was recorded during
December, 1976 and the numerical densitiy observed was 4.33 units/1
(Table-60),

Alonelle éxcis@ s This species was present in all stations of
Ward Lake and also in Fish Dale and lady Hyderi Park ponds,

WI 3 Data on the population fluctuations of A. excisa during
different months of the study period have been shown in
Table~61 and Fig.36. Minimum and maximum densities of
Alonella in WI were in September, 1976 with 13.33 units/1
and in November, 1977 with 0,50 units/l recpectively,
Alonella excisa was absent during Ostober, 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 population
ranged between 0,50 to 6,50 unit/l.

WII : In WII #lonelle excisa was only recorded during November, 1976
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and March, 1977 with 1 unit/l and 0,25 unit/l respectively
(T&ble‘61)o

WIIIs Alonella excisa was always present in this station exocept
in October and November,9177. The highest density of
21,25 units/1 was recorded in September, 1978 which
declined to 4.75 unit/l in October, 1976 only to increase
again in November, 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 unit/l was recorded. During
Jamary and February, 1978 the density values were 6 units/1l
and 2 units/l respectively (Table-61,Fig.36).

Pish Dale pond s In this station A. excisa was only recorded
in the month of March, 1977 with an average density of
3 units/1l (Table-61).

Lady Hyderi Park pond s In this system the highest number of
Alonella excisa was in June, 1977 with 21.75 units/1,
vhile the lowest value was those in September, 1976 and
November, 1976 with 0,50 units/1 (Table=61,Fig.36).
During the total of 18 months sampling A. excisa was
recorded during 10 months and were absent during October
and December, 1976, February, April, October and
December, 1977 and also during January and February, 1978.
They were present in alternate months starting with
September, 1976 till April, 1977. During March, 1977 to
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Fig,.36

Seasonal variations in the population density (No/1l) of
Alonella excisa in the four stations of Ward Lake,

Fish Dale pond and Lady Hyderi Park pond during
September, 1976 to February,1978.
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September, 1977 Alonella excisa was present continuously

and showed. the peak demsity in July, 1977 (21.75 units/1).

Alonella nana ¢ 'As shovwn in Table-52, Alonella nana was

recorded only WIV of Ward Lake, This species never appeared in
other stations of Ward lLake nor in Pish Dale and Lady Hyderi
Park ponds. In WIV also, A, nana appeared only in the month of
November, 1977 with a density of 0.25 units/1.

Alona sp. $ Alona sp. appeared only in WIV of Ward lake,
while absent in all other stations and systems., This species
was recorded in December, 1976 in two out of the four samples

collected in that month, The average density was 0,50 units/l
(Table~5 2)%
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STRUCTURE (SIZE GROUP, FEMALES WITH AND WITHOUT EGG,
EGG/BROOD, GAMOGENESIS AND SEX RATIO ) OF THE FIELD
POPULATIONS OF DIFFERENT CLADOCERAN SPECIES.

Results of the size group, fecundity, sex ratio: and
the ratio of egg bearing and non egg bearing females are
presented. Same species appearing in different stations was
analysed separately. Thus the present resulis are based on the
detailed analysis of the population structure of the daphnid,

Simocephalus exspinosug, a boaminid, Bosmina longirostris

and four chydorid species namely, Chydorus sphaericus,
Pleuroxus similis, Acroperus harpae and Alonells excisa. Size

Group~I represented preadult instars in all species,

Simocephalus exspinosus 3

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-l which represented preadult
stages ranged between 0,55 - 0.85 mm while the length of
Group-II, III, IV 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 sData collected during the 12 months study on the
population structure of Simocephalus exspinosus at




WIV has been presented in Table-62 and Figs:37. Percentage
ocourrence of different size groups varied during different
seasons. Group-I (juvenile) was more during September, 1976
and July, 1977 contributing 41 and 42% of the analysed
specimens (Fig.37b). The higher incidence of Group-I
generally coincided with higher field density of the
species (Pig.37a). Contributions of the members of Group-II
never exceeded 31% of the total except in August, 1977
vhen this group formed 76% of the total, Highest percentage
occurrence of Croup-III ( 1.15 =1.45 mn) was in March,
1977 forming 37% of the total, Pereentage contribution
of Group-IV ranged between 9 to 594 of the animals studied.
Group=V (1.75 to 2.2025 mm) was not recorded continuously
and tiey contributed a maximum of 18% in Pebruary, 1977.
During the 12 month study period (Sgptember. 1976 to
August, 1977), females with empty brood pouch were always
reéorded *n-the field population (Fig.37¢) though with
varied densiti (Table=62) ., Maximum incidence of non~
ovigerous mothers were re%orded in August, 1977 forming
53% of the total while their lowest contribution was only
2%.‘reoordedrduringySeptember. 1976.
Fluctuations in the mean egg/brood for all size

groups has been shown in Fig.37a¢ Maximum monthly average
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Fige 37 !

Showing population structure of Simocephalus exspinosus
in Station-IV (WIV) of Ward Lake,

a. Seasonal variations in brood size and population
density (No/1l).

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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egg/brood for all size group was 9,75 recorded during
December, 1976 while the least productive month was
August, 1977 with 4.83 eggs/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 gzoups.

Females with ephippium were recorded during November
and December, 1976 and January, March and May, 1977
forming a maximum of 15% of the 100 animala analysed.
However, no male specimen was recorded during the entire

study period.

Bosmina longirosiris

WI sData on the siructure analysis of Bosmina population
at WI of Ward Lake have been presented in Table~63 and
Fig.38.0f the 5 size groups, Group+I was only represented
in September, 1976 forming 1% of the total count. Groups-II
and III (0.23 t0 0,40 mm) were present throughout the
study period except in Jauuary, 1977. Highest percentage
contribution of Group<IIl was 42% while that of Group-III
was 68%. Group-1V was not recorded in September, 1976 and
July, 1977 and its maximum abundance was in January, 1977
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forming 76% of the total, vuntrivuvavas v Group-V
(0,50 to 0,59 mm) ranged between 1 to 24% during the
annual cycle., This group appeared in 6 out of the 12
months study period. Appearence of '‘Group~V generally
eoincided with lower field densities of B, longirosiris
(Fig.38 asb).

Non egg bearing females belonging to adult size
groups formed 13-50% during different months of the annual
cyocle (Fig.38C). However, mature females with egg ranged
between 50 to 67% during the annual cycle, Maximum number
of non-ovigerous mothers were recorded in February, 1977
when the actual field density of B. longirosiris was
9 animals/1 (Fig.38a).

The mean number of eggs/brood varied between
different size ocategories and ranged from 1.96 to 2,0/
brood. Both Groups-III and IV contained lower numbexr of
6ggs 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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Pig.38

Showing population structure of Bosmina longirostris
in Station=I (WI) of Ward Lake,
a. Seasonal variations in population demsity (No/1).
b. Seasonal variations in the percentage composition

of different size groups.
c. Seasonal variations in the percentage composition

of juveniles, eggebearing and non egg-bearing
females,
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vas entirely formed a parthenogenetic females.

In Table~64 details of the population structure of
Bosmina longirostris has been shown, In Fig. 39a, b
and ¢ 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 cccasions only
with Group-I contributing a maximum of 4% while
Group~V formed the maximum of 35% of the analysed
specimens, Thus the majority of the animals ranged
between 0,23 to 0,50 mm representing Groups-II,III
and ¥V, In September, 1976 Group~II formed 3 maximum
of 68% of the amalysed animals while in both May and
August, 1977, this group was not represented in the
counted animals., Range of percentage contribution of
Group-III was O to 61%, the higher value being
recorded in OQoctober, 1976. Maximum abundance of
Group~IV ( 0,40 - 0.50 mm) was seen in August, 1977
vhen all of the 9 analysad specimens belonged %o

" this group making 100% contribution.

Distribution of non egg bearing females varied
between different groups as vell as during different

seasons. Total munmber of females withoul eggs ranged
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Fig.39

Showing population structure of Bosmina longirostris
in Station-II (WII) of Ward Lake.

a, Seasonal variations in population demsity (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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betwveen 34 to 80% of the animals analysed. Femeles
with eggs formed a minimum of 30% to a maximum of

66% of the total during different seasons while
oontributions of juveniles (Group~I) ranged between

0 ~ 4% of the total count. It can be seen from the
table (Table~64) that non-ovigerous females as well as
older females were more during low population density

periods.

Armmual 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 annmual 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 B, longirostris population of
formed only of parthenogenstic females,

Results on the struecture analysis of B.longirostris
population at Fish Dale pond are given in Table-65
and Fig.40. Maximum percentage composition of Group-~I
snimals were in April and June, 1977 forming 40% of
the analysed specimens (Table-65). In this pond
specimens belanging 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 structure of Bosmina 1ongirostris
in Fish Dale pond,

a. Seasonal variations in population demsity (No/l).

bs Seasonal variations in the percentage compOSLtion
of different size groups.

Ce Seasonal variations in the percentage composition’
of juveniles, eggsbearing and non egg-bearing
females,
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part of the study period. While Group-~IV and V were
present sporadically. The annual range of percentage
contribution of Groups~-II,I11,IV and V were O «~49% ,
0-73%, 0 « 1004 and 0 - 214 respectively (Table=65).

Maximum number of total non egg bearing females
vere recorded in March, 1977 forming females ranged
between 30 to 80% of the total., Total juveniles
conxribued a maximum of 40% of the total though this
group was absent in mahy instances (Fig.40c).

Annual mean nmumber 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 oélculated anmual
mean value of egg production was 1.96 for B.longirostris
at Fish Dale pond.

Gamogeﬁetic mothers as well as males were not seen
in the Analysed samples and only ephippial females
formed the bulk.

Chydorus sphaericus s

Detailed analysis of the field populations of
Chydorus sphaericus was conducted in WI, WIII and WIV of Ward

Lake as well as in Lady Dyderi Park pond. The size of this
species varied from a minimum of 0.16 mm to a maximum of 0.56 mm



and this length range was divided into 6 size categories.
Length range of the different sizé groups are as followss
Group~I (juvenile) s 0.16 + 0.2% mm, Group-IIs 0.22-0,26 mm,
Group-III3 0,26 - 0,31 mm, Group~IV: 0.31 ~ 0.36 mm, '
Group-V: 0.36 « 0.4% mm and Group~VI s 0.41 - 0,56 mm,

WI 3 In WI Group~lI animals were present during 5 out of
the 12 months study period and their maximum abundance
vwas in August, 1977 forming 179 of the specimens
analysed (Table-66, Fig.41). Contributions of Group-II
ranged between 0-40% while that of Group~III varied
betveen 0 - 83% of the total. Group=IV animal;
(0,31 = 0,36 mm) was present in 11 out of the 12
months of study and in one instance éérmed 160% of
the 31 animals studied. Group-% was represented only
during 4 months while Group~VI was'absent d;ring the
entire study. Thué in this station length of
C.sphaericus did not exceed 0.41 mm. Further, appearen-
ce of Group~V generally coincided with lowexr population
densities of'g.‘SEhaericus (Table-66, Fig.41a).

Female with empty brood pouch was always recorded
ranging from 6 - 39% during different seasons. Total
juveniles and females with eggs varied between 0-17%
and 61-90% respectively (Fig.41¢). Distributions of

ﬁovigerous and nonovigerous females in different size
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Showing population structure of Chydorus sphaericus
in Station-I (WI) of Ward Lake. ~ -
‘a. Seasonal variations in population density (No/l1).
be. Seasonal variations in the. percentage composition
of different size groups,
C.. Deasonal variations in the percentage composition
of juveniles, egg-bearing and non egg-bearing
females,
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groups have been shown in Fig.41b,

Bggs/brood recorded during the present stiudy was
2.0/brood except in Janmuary, 1977 when a mean of
1.98/brood was seeﬁ in Group-III, Valwe of the annual
mean egg/brood for all size groups was found to be
1.99/vxro00d.

During the entire study period no male or ephippial

femals was seen among the studied specimens.

WIXIs Results of the different population parameters of
Chydorus sphaericus have been presented in Table=67
and Pig.42. Seasonal distribution of different size
groups of this species has been shown in Pig.42b.
Group~I (juvenile) was seen only in the samples of
October, 1976 and February and August, 1977 forming a
maximum of 6% in August, 1977. Group~Il was present
during 6 out of the 12 months and ranged between
0-29% of the analysed animals, Groups-III,IV and V
were the dominant groups occurring almost throughout
the study period. Percentage contributions of these
groups varied between 0=44% , 17~68% and 2-T72% during
different seasons, Group~VI, on the other hand,
appeared during April to July, 1977 forming a maximm
of 10% of the total. Egg production ranged from 1.98 to
2.0/brood in different size groups.
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Fig.42

Showing population structure of Chydprus sphaericus
in Station-III (WIII) of Ward Lake. -

a., Seasonal variations in population density (No/l).

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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The appearence of matured females without eggs
varied between different groups. In the month of
April; 1977 all the 5 adult size groups had higher
incidence of non-egg bearing females (Fig.42b)
resulting in a total of 73% while egg bearing mothers
formed only. 27% (Pig:42c¢). This further coincided
with lower field demsity of the species (Fig.42a) .
During the one year study period egg bearing females
formed a maximum of 914 while the juveniles (Group~I)

formed a maximum of 6% of the analysed specimens.

No male or ephippial females were recorded through-
out the study period.

In WIV Group~X (juveniles) appeared in 4 out of the
42 months study period (Table«68, Figi43b,c). This
&roup formed a maximum of 28% of the analysed sample.
Group=II was seen in the samples of Sepiember to
December, 1976 and Jaruary, May and July, 1977
forming a maximum of 514 in May, 1977 (Table-68),
Groups=IV and V were the dominant size groups appear-
ing throughout the study period except in May, 1977

~when Group~-V was absent, GroupsIIl was discontinuous

in its distribution while @roup=VI was recorded only
during October and December, 1976 and March, 1977 -
forming 90% during the last mentioned month . Ranges
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Fig.43

Showing population structure of Chydorus sphaericus
in Station-IV (WIV) of Ward Lake,
a, Seasonal variations in population density {(No/1).
b. Seasonal variations in the percentage composition
of different size groups,
A c. Seasonal variations in the percentage composition
of juveniles, egg=-bearing and non egg-bearing
females,
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of contribution of Groups-III,IV,V and VI were
0 - 51% 2 - 83%,0 - 28% 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 fmactions were formed by females with egg.

Egg/brood was generally 2.0 in different size
groups though due to the appearence of 1.0 egg/brood
during some mgnths in a few animals, the annual mean
egg/brood/group ranged between 1.92 to 2,0/brood and
the calculated annual mean for all sige gyroup was
1.99 egg/brood,

This population of C.sphaeriocug at WIV was also
formed entirely of parthenogenetic individuals.

Lady Hyderi Park pond 3

Information gathered on the population structure
of Chydorus sphaericus at Lady Hyderi Park pond has been
doﬁumented in Table=69 and Fig.44. In this pond also Groups-III
and IV dominated the analysed sample, Ranges of contributions
of dif?ereni size groups during the ammual oycle were as
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Pig.44

Showing population structure of Chydorus sphaericus
in the Lady Hyderi Park pond.
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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followss
Group-1 ¢ O - 43%, Group<II s O - 51%, Group-III 3 O= 64% ,
Group~IV 3 O - 46%, Group-V s O = 66% and Group-VI 3 O «34%.

Total nonegg bearing females ranged between 14-49%
during different study months, while total juvemniles formed a
maximum of 43% 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 ocalculated annual mean
egg/brood/group varied between 1.79 to 2.0 eggs/b:ood vwhile
the caloculated anmial mean for all size group was 1.86 eggs/

brood.

No sexual females as well as males were seen in

the specimens analysed during different months.

Pleuroxus sinmilis s

Detailed analysis of the populations struction of
Pleuroxus similis was conducted in WIII of Ward Lake and the
resulis are shown in Table=70 and Fig.45. In WIII, Pleuroxus
similis ranged from a minimum of 0,40 mm to a maximum of
0.90 m in length. The five size groups were Group=I (juvenile):
0.40 =« 0.45 mm, Group~IIs 0,45 « 0,58 mm, Group-III: 0,58-0,70
mn , Group-IVs 0.70 « 0,80 mm and Group-f: 0.80 « 0,90 mm,

BIIr 3 Group-l was only present during March and April, 1977
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contributing 7 and 94 respectively, while no
analysis oould be conducted during September and
November, 1976 due to their non availability .
Group-II contributed a maximum of 19% in April, 1977
of which 104 of the femeles were without eggs while
T4% was the highest contributions of Group-III in
August, 1977. Minimum and maximum percentage contribu-
tion of Group-1IV were 174 and 80% respectively.
Maximum abundance of Group~V was in June, 1977
forming 54%, Thus Group;~III and IV showed dominance
during the greater part‘of seas&n.

=

Total number of females with and without eggse
varied during different seasons (Fig.450). Ovigerous
females were more during January and February, 1977
forming 71 and 694 of the total obser;ations while
the rest was formed by mature females without eggs.
On the other hand percentages of females without eggs
vere more in June, 1977 with 68% of the total when
the count/litre was also low- (Fig.45a). However, in
August, 1977 also nongravid females were more in the
counted sample,

The analysed population P. similis .was entirely
formed of parthenogenetic females and egg/brood
alvays 2 in number.,
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FPig.45

Showing population structure of Pleuroxus similis
in Station=III (WIII) of Ward Lake.
a. Seasonal variations in population density (No/1).
b. Seasonal variations in the percentage composition
of different size groups.
¢v Seasonal variations in the percentage composition

of juveniles, egg-bearing and non egg-hearing
females,
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Acroperus harpae 3

Structure analysis of Aeroperus harpae was conducted

in WI and WIII of Ward Lake. This species ranged between 0,30
t0 0,98 mm in size and the length ranges of the 5 size groups

were as follows 3

Group~I (juvenile)s 0,30 -~ 0,45 mm, Group«II: 0.45 - 0,58 mm,
Group=IIIs 0,58 - 0,70 mm, Group=-IV: 0,70 - 0,85 mm and

Group«Vs 0,85 « 0,90 mm,

WI 3

Information gathered on the population structure of
Acroperus harpag are furnished in Table-71 and
Fig.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, 1976 forming 83% of the total
of which 27% was the contribution of females without
eggs. Group-II formed a maximum of 83% and was
present throughout the study period, Contributions
of Group-III 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 December, 1976 and May to August, 1977. Ranges
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Pig.46

Showing population structure of Acroperus harpae
in Station-I (WI) of Ward Lake.
a. Seasonal variations in population density {No/1l).
b. Seasonal variations in the percentage composition

of different size groups,
c. Seascnal variations in the percentage composition

of juveniles, egg~bearing and non e€gg-bearing
females',
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of percentage occurrence were 0 - 75% for Group-IV
and 0 - 33% for Group-V,

Seasonal variation in the percentage contribution
of egg bearing and non egg bearing females appearing
in different groups are shown in Fig.46b vhile the
total percentage composition of egg bearing and non-
egg bearing females as wall as juveniles (Group~I)
have bsen shown in Fig.46c. Maxirum mumber 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/broeod
was recorded in majority of the specimens irrespective

of size groups.

Seven ephippial females were seen in the 100
animals énalysed during March, 1977, though no male
specimens were recorded throughout the 12 months
period. Tﬁns. with the exception of March, 1977, the
population was entirely formed of parthenogenetie

females,

WIII sPable~72 represents the data gathered on the population
structure of Aoroperus harpae in WIII, Seasonal
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FigedT

Showing population structure of Acroperus harpae
in Station~-III (WIII) of Ward Lake,
as Deasondl variations in population density (No/1).
b. Seasonal variations in the percentage comp031tlon
of ‘different size groups.
c. Seasonal variations in the percentage composition

of juveniles, egg-bearing and non egg—bearing
females, .
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variations in the percentage contribution of different
size groups has been depicted in Fig.47b. The amual
ranges of contributions of different size groups weres
Group-I (juvenile)s O ~ 41%, Group=IIs O = 51%,
Group~IIl s O - 794, Group-IVs O = 1004 and Group-V:

0 - 57% .

Seasonal variations in the percentage composition
of non-egg bearing females -belonging to different
size groups have been shown in Pig.47b while Fig.47¢
represents the percentage composition of total juvenile
and females with and without egg. In Fig.47a actual
density of A. harpae has been shown.

Bgg production -varied between different groups
and the annual mean value ranged from 1.92 - 1.99 egg/
brood in different sigze groups. Annmual mean egg/brood
for all size group was found to be 1.93.

. In this station sexual females or males were not

recorded throughout the study period,

Alonells excisa ¢

Details analysis of the population structure of
Alonella excisa was carried out in WI and WIII of Ward Lake
and Lady HyderivPark pond. Length of this species ranged from
a minimum of 0,22 mm %0 a maximum of 0.57 mm. For the present



257

purpose the length range was divided into 4 size groups.
FPollowing are the length ranges of different groups
Group-I (juvenile): 0.22 ~ 0,26 mm, Group=IIs 0,26 - 0,38 mm,
Group=~IIIs 0,38 « 0,48 mm eand Group-IVs 0.48 « 0,57 mm,

1l 3 Distribution and percentage composition of different
size groﬁps have been shown graphically in Fig.48Db
and the data gathered have been presented in Table-T73,
Group~I (juvenile) was recorded in May and August,
1977 forming a maximum of 8%. Ranges of percentage
composition of Groups~II, III and IV were O - 58%,

12 = 79% and 0 - 33% reSpectivel'y. o

Total females with eggs formed :f:’z"om a minimum of
29% in April, 1977 to a maximum of 72% in Decembex,
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 ammal mean value of 2 eggs/brood for all
size groups.

No ephippial female or male were recorded throughout
the study period.

WIII: Details of the analysis of Alonella excisa population

at WIII of Ward lLake are presented in Table~74 and
Fig2.49. Juveniles (Group=I) was only seen during
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Showing .population structure of Alonella excisa
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 variationa in the percentage composition

of juveniles, egg-bearing and non egg-bearing
females,
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Pig.49

Showing population structure of Alonella excisa
in Station-III (WIII) 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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July, 1977 forming 11% . Group~II individuals

were seen in 8 out of the 12 monthb samples

forming a maximum of T%% both in April and July,
1977. Group~III was yepresented throughout the
period and ranged between 18 - 100% of the speci~
mens analysed during different seasons, Group~IV

vwas somewhat sporadic in distribution forming 0-55% .

during different seasons.

Percentage fluctuations .of females with and
without eggs as well as juveniles have been depicted
in Pig.49c¢, Total non-egg bearing females ranged
from 19 « 68% of during different study months,

Bgg/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 3

Structure analysis of the population of Alonella
exocisa has been shown in Table~75, In this pond the population
of A, excisa was ceonfined to lower length range as Group-IV
individuals were recorded only in February and June, 1977
forming & maximum of 10%. The analysed specimens belonged mostly
t0 Groups~II and III almost throughout the season, Group~l
(juvenile) oocurred in 7 out of the 12 months study period and
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Pig,50

, Show1ng population structure of Alonella excisa
" in the Lady Hyderi Park Pond.
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 comp081t10n

of juveniles, egg-bearing and non egg-bearing
females,
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and formed a maximum of 28% of the analysed animals (Pig.50Db),

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% .

Number of eggs per brood was 2 in all size groups

during different seasons. No ephippial mother or males were
recorded in any of the studied months,



PART~IT

Drscussiorn
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The seasonal variationsin the physicochemical
properties at the four stations in Ward Lake, Fish Dale and
'iady Hyderi Park ponds have been shown . serially in Tables-3’,
34, 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 well
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 pﬂf low ranges of conductivity,
alkalinity and silicates and with moderately high phosphates
and nipraies. However, in course of 18-month study the six
sampling stations did show variations in their physicochemical
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
(Reynoldson et al. 1965, Maccan 1961, 1963, Martin, 1972,

Young, 1975, Daniel and Boyden, 1979. In the present studies
surface water temperature in the four stations of Ward Lake,
Fish Dale and Lady Hvderi park ponds showed close similarities
in their seasonal trends as shown in Figs.4, 5, 6, 7, 16 and 19,

Taking into account the temperature variations along with data
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on humidity and rainfall (Table-1, Fig.1) four seasons could
be defined though with slight overlapping (Part-I). These 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 Fish Dale pond.
But in Lady Hyderi Park pond pH value ranged between 5.58-6.51,
shoving a comparatively lower value, Biological importance of
' PH has beén long eétablished since this factor is related
directly with photosynthetic activities of algae, the
carbonates of calcium and magnesium are precipited from
bicarbonates and the watef becomes more alkaline (Sharma, 1978)
and pH ranging between 6.5 - 8.2 is likely to favour this
dissolution of bicarbonates and the 1iberatioﬂ4%f free carbon
dioxide ( Jana and Sarkar, 1971, Jana, 1973). Purther, it has
also been pointed out that low values of pH was accompanied
by increase in the zooplankton production (Sreenivasan, 1963),
Moitra and Bhattacharya, 1965, Jana, 1973). Hence, pH value
has been regarded as an index for the suitability of aquatie
biotopes for pisciculture practices and the admissible range
recommended for the said purpose is between 6,5 - 9,0
(Swingley 1957, Michael, 1969, Mathew, 1975): By the same
criterion, the lLady Hyderi Park pond has much less productive
potential as evident also from its plankton content. One of
the reasons for such low 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 captiivity
in this systems

One of the imgortant 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 waters in ionioc
state (Brzek et al, 1975). Usually conductivity readings reach
the highest in highly productive waters (Rodhe, 1951, gadwa.n
et al ,1973). A significant corelation between phytoplankton
biomass and conductivity was recorded by Brzek et al (1975)
in the three polish lakes of different trophy. In the present
study, conductivity values ranged between 30 < 100 umhos/om in
all the ponds and stations with the single exception of WIV
where the range was between 78.93 -« 122.43 umhos/cm (Table=36).
These values showed the peak in the month of December, 1977 ih
Wl while in WII the highest value was recorded in August, 1977 .
In WIII also the same trend was noted while in WIV, Fish Dale
and Lady Hyderi Park pond the peak values vere recorded in
March, 1977. Further, this increase was sudden which could be
attributed to the washing in of electrolytes from the surround-
ing areas during the first rains. In addition to this, the
sharp increase in conductivity value recorded during the month
of March in the Fish Dale pond could also have been due to the
fact that at the end of February, 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



266

enrichment as this a cemented pond with very low bottom

depodéit.

-

One another important factor in any aquatic ecosystenm
is the amount of ;g,é;gg dissolved oxygen present. Dissolved
oxygen content is known to be influenced by a number of
enrironmental factors (Ganapati, 1940) and according to the law
of solubility high temperature should be the period of low
oxygen content, Further, oxygen, pH and carbon dioxide are
closely linked with respiration and photosymthesis, 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 Ward Lake
and Fish Dale and Lady Hyderi Park ponds have been shown in
Figs, 4, 5, 6, T, 16 and 19, Condentration of oxygen ranged
betveen 4.6 «10:7 mg/l in all the sampling stations except in
Lady Hyderi Park pond. However, the highest value of 17.76 mg/l
as recorded in Station-IV of Ward lLake might be due to the
difference in the sampling timing at that instance. On the other
hand, the lower limit of dissolved oxygen in Lady Hyderi Park
pond (2.68 mg/l), apparently due to the low phytoplankton
productivity, thought to be one of the reasons,

The seasonal trend in the fluctuations of the carbon
dioxide content, though more or less similar in all the six
sampling stations as shown in Figs. 4, 5, 6, 7, 16 and 19 and
in Table=~76; 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 shown to
exhibit a direct correlation with the amount of phytoplankton
(Armitage, 1962, Michael, 1969), As the amount of oxygeh, carbon
dioxide and pH values are closely linked with rhe‘respiration
and photosysthesis (Daniel and Boyden, 1975), this factor id
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 vhen 8.2 mg/l carbonate alkalinity
was recorded in the Fish Dale pond. Again, in the same system
sudden rise in alkalinity from 33.35 mg/l in July; 1977 to
52,60 mg/l 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 with 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 phytoplankton productivity. Rainfall
is also known 10 decrease the total alkalinity values
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(Mukherjee and ghattacharya. 1949) although the moderately
higher values of alkalinity recorded during December till
Februéry was due to the evaporation of water and subsequent
decrease in water level ( Hazelwood and Parkar, 1961, gichael,
1969), Thus it has been shown that there were considerable
differences in the total alkalinity values between the six
different sampling stations, though the abselute range of
alkalinity values was quite low here with 15.0 - 60.0 mg/l.

Huet (1948) found that a total alkalinipy range of 100,00-200.00
ppm to be the best range for supporting diversified aquatic life
also also Philipese (1960) who mentioned that moderately high
alkalinity (50~ 100 ppm) to be good for the growth of fishes,

The seasonal fluctuations in the concentration of

e ————

ph%sPhaxe, nitrate and silicate have been summarised in Table<76
PhESphate ranged between 0.28 mg to 1.88 mg/l in WI of Ward Lake
| wh%le in WII the range vwas 0.3~ 1.12 mg/l and in WIII @he value
ne?er exceeded 0,98 mg/l during the 18-month study. But in WIV
the upper limit of phosphate concentration was 2,97 mg/l as
recorded in May, 1977. On ‘the other hand in the two ponds at
Fish Dale and lLady Hyderi Park the maximum amounts were 1,43
and 1,21 mg/l respectively, Purther, the peak values of

. phosphates in all the systems were recorded during the heavy
monsoon periods obviously due to the fact that this mutrient
was washed in from the surrounding areas through the temporary
inlets developed during the rainy ¥ 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 vorkers

(Swingle, 1957, 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 comnsiderably during
the different seasons in the four station in Ward Lake, with
WIV showing the maximum amount of this nuirient, In Lady Hyderi
Park and Fish Dale ponds also fluctuations of this nutrient
were of similar nature (Fig.16 and 19)s It is observed that in
all of these sampling sites the nitrate content was more during
the winter months (December- February) followed by subsequent
decline evidently due to the utilisation during the spring
bloom of phytoplankton., Similar relationships were established
by Lannergreﬁ (1975) and Reid and Squibd (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 known that silica
is an important nutrient for the growth of diatoms (Dickson,
1975) s 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 théi the silicate values were generally more during the
winter months as a sequel to the lowering of water levels in
these shallow sampling stations followed by its probable
utilisation by the members 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

Myxophyceae 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 numerical density of phytoplankton was generally high
in this station, WIII had a lovwer phytoplankton density and the
highest value was recorded in October, 1977 of which 85% was of
Myxophyceae alone, During t@e 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. Unlike in other stations this was due to Bacillariophyceae
which on several occasions formed more than 90% of the totals
Chlorophyceae was falrly represented in this station, while
Chrysophyceae and Dinophyceae showed only a patchy seasonal
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distribution,

In the Fish Dale pond, the numerical abundance of
phytoplankton 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 dominart 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 Chlorophyceae
dominated the total phytoplankton while the contributions of
Myxophyceae was comparatively low, Dinophyceae and Chrysophyceae
vere much less in abundance and of patchy distribution during
the different seasons, Thus the numerical density as well as
the percentage composition of different phytoplankton taxa
varied between the stations of Ward Lake as well as Fish Dale
and Lady Hyderi Park ponds,

A comparative account of phytoplankton reveals that
in Station-1 of Ward Lake Myxophyceae was dominant throughout
the anmual cycle with Chlorophyceae in subdominant density,
vhile Chrysophyceae, Dinophyceae and Bacillariophyceae formed
moderate density. Station~II, on the other hand, showed dominance
of Chrysophyceae as well as Dinophyceae except in late summer
$ill early autumn when Myxophyceae dominated., In WIII,
Baecillariophyceae was most abundant with moderate contributions
by Myzoephyoceae, Extremely poor representation of both

Binophyceae and Chrysophyceae was another marked feature of
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this station. In WIV, the nature of fauctuations in phytoplankton
was similar to that of WIII with highest density of
Bacillariophyceae, In Fish Dale pond Chlorophyceae was dominant
throughout the greater part of the season and was marked by

poor numbers of Myxophyceae, Chrysophyceae and Dinophyceae,

The other sampling station, Lady Hyderi Park pond was very low

in its phytoplankton abundance and the bulk was almost equally
shared by the member of Chlorophyceae and Bacillariophyceae
while the other groups were sparse and insignificant conxribu;
tors except for the Myxophyceae,

Pefmanent algal bollms of this nature formed of a
siggle or several members of blue green algae are common in fish
ponds of North-Easterm India and the temple pnnds of peninsular
India (Sharma, 1978). Ganapati (1940) ascribed this algal bloom
10 a number of factoré namely high water temperature, water
movements and excessive amount of phosphate, Role Bf vater
temperature has, however, been pointed out already by various
workers (Fritsch, 1007, Smith, 1924, Pearsall, 1932, Chacko and
Krishnamurthy, 1958, Genspati, 1960, Phowmik, 1968, Michael,
1969). The range of temperature most favourable for algal
development has‘béen reported to be 24° - 31°C (Verma,1§64).
However, George (1962) recorded algal blooms even at low
temperature (13.7°C) which corresponds to the present record
of winter bollm, It has been pointed out earlier that the
composition of bhytoplankton with diatoms being dominant and
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subdominance of blue green algae is typical of highly eutrophic
conditions (forsyth and MeColl, 1975)¢ Thus, the occurrence of

a situation in Ward Lake, points towards 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
withdrawn from the water in the proportions required for growth
(Redfield et al, 1963 ). Further, studies have shown that the
nutrient uptake ratio or cellular chemical composition can be
altered by biological factors such as, cell size (Paasche, 1973b),
age of the culture (Pugh,1975).‘1ight (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 10 increased nutrient concentrations
are usually kmown to be favoured by water temperature and light
intensity (Mc Combie, 1960) as for instance, ‘blue greens in the
late summer and diatoms. in winter and spring (Cairms, 1956). The
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, 197t, Moore, 1974y Casterlin and
Reynolds, 1977). Further, unicellular algae are lmown to be
favoured over filamentous 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 abundance and percentage
composition of zooplankton have been shown in PFig. 12b, 13b, 14D,
150, 18b and 21b, In Station-=I of Ward Lake high demnsity 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
WIII an additihonal spring maxima was also recordeds In WIV only
the autumn maxima was well marked; In Fish Dale pond a winter
ma.ximuxln was recorded though summer-rainy season (May - August)
had a moderately high value; While in Lady Hyderi Park pond
both winter and spring maxima were well marked.

Protozoans were fairly represented in WI with their
maximum contributions being 73.97% during May, 1977 (Summar-rainy).
But in WII the maximum abundance was in January, 1977 (650 units/1)
forming 92.72% of the total, while they were completely absent
from December, 1977 till February, 1978. Again in WIII the spring
bloom was recorded with the higher comtribution of 95.64% of
the total:-In WIV,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 Fish Dale
pond maximum density was in December of both the years showing
a winter maxima, In Hyderi Park pond, the spring bleam was
recorded with comparatively lower mean density throughout the
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rest of the season, In all these ponds the rise in density was
due to the abundance of ciliates and gene%ally winter blooms of
protozoa are known for other -Indian-impoundments also (Michael,
1968), However, the density and period of occurrence of
individual prot&éoan épeciea was reported to vary during
different seasons (Wesenberg- Lund, 1939, Welch, 1952,Davis,
1955)» Pemnak (1953) suggested the optimum temperature range for
the growth of protozoans to be 16° 1o 25°C and probably this
explains the protozoan pulses observed in April - May in most
of the surveyed stations. Further, 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.

The rotifer population showed & bimodal fluctuation
ranging between October +ill Aprii representing autumn, winter
and spring seésons. Such a paffern was observed also earlier
from other Indian situations (Das and Srivastava, 1956; Vasisht
and Dhir, 1970, Tendon and Singh, 1972, Vasisht and Sharme, 1975,
Sharma, 1978). Even the higher density during the summer (May =
August) in WII and WIII is comparable to the findingsaof
George (1961, 1966).

Copepod pupulations were high in demsity during
October and November, 1977 in WI; while in WII peak value was
recorded during September, 1976. In WIII copepoda was represented

more in their numerical density and their abundance was
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comparatively high from April till October, 1977. In Station-IV
of Ward Lake the highest density was seen in September, 1976
while in Fish 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 was recorded for the
Copepoda in contrast to the findings of Chacko and Krishnamurthy
(1958), Vasisht (1968) and Seenayya (1973), although, such an
unimodal pulse was also reported by Michael (1968), The peak of
copepod populations may be indicatave o0f their active period of
reproduction as was suggested by Michael (1968), Mathew (1972)
and Sharma (1978) . Further the comparatively higher temperature
during April till Octobexr is thought to be another factor
favouring their reproductive activities as temperature has already
benn shown to have a direct relationship with copepod populations

(Sharma, 1978):

Generally, ostiracods were répresented in olow
densities in the different stations, although their appearence
was marked by higher 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 ostracods between different sampling
stations are thought to be due go their niche preference
associated with food organisms; burther, as it has been pointed

out that each plankton species has its own seagonal histoxy
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usually with the appearence of one t0 several seasonal peaks
(Davis, 1955) and such apparent difference in the peak forma~
tion in the sampling likely to be due to such differencesq

The Cladocera as a group showed a bimodal 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~ February
showing the autumn and winter maxima, In WII only .autumn peak
was recorded as was also in WIII in Nobember, 1976. However, in
both the stations there was an increasing trend in winter and
spring which failed to0 reach swarms. In Station~IV, three
peaks one each in spring, autumn and winter, were quite sharp
though the spring maxime (March-April) was of comparatively
lower density. In Fish Dale pond, no definite peaks vere
recorded and with only slight increase in 6ladoceran numbers in
July, 1977. On the other hand, in Lady Hyderi Park pond, the
winter and spring ﬁulses were well marked, It is thus found
that in all stations Cladocera formed a substantial bulk of the
total zooplankion communities as was also observed by many
earlier workers (Chackdxand Krishnamurthy, 1954, Seenayya,%973),
Ali, 1976, Sharma, 1978, Armitage and Smith, 1968). However,
the summer-rainy seasdn of May=August was mostly characterised
by low cladoceran densities, That the rainfall can have adverse
effects on zooplankton has al;;;;y been pointed out (Michael,
1968, Mathew, 1972, Jana, 1973, Sharma, 1978). Purther, that
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there could be differences in the seasonal cycles of Cladocera
within stations of the same sysiem as seen at present is also
xnown (Pennak, 1946). Thus in the present dtudy high demsities
of Cladocera were seen in all the three littoral stations

while only lower numbers, were 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
40 have a richer alggl flora as compared to the limmetic zones

(Cassie 1974, Munawar and Munawar, 1975),

Apart from truly zooplanktonic organisms, other
invertebrate species were also occasionally recorded in the
plankton, Of these, members belonging to Nematoda, Ephemeroptera
and Chironomidae 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 oligotrophic to eutrophic condi-
tions have been classifiéed on the basis of their plankton flora
by many authors: Thus Hutchinson (1967) categorised 'eutrophic

wwwww B

diatom associations' ( Asterionella, Fragilaria, Synedra,

Melosira and étephanodiscus). *eutrophic desmid associations’

(Staurastrum and Cosmarium), ' eutrophic chlorococcal

associations' (Pediastrum, Scenedesmus and Ankistrodesmus) and

' eutrophic myxophycean associations' (Aphanizomenon, Anabaena
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and Oscilatorig).uln the present studies with the exception of

Stephanodiscus, and Aphanizomenon, all other genera occurred

and bloomed at some timeé or other during the amnual oycle in
the different ecosystems (Table-78), Further; the presence of

a nore or less moderate Microcystis bloom in Ward Lake and its

occasional appearence in Fish Dale pond further points towards
their eutrophiec nature (Kutkuhn 1956, Swayer 1966, Sreenivasan
19724 Mathew 1975), The 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).
Ceratium is known to be another indicator algae (Nygaard 1949)
present in Ward Lake, which once again stresses upon the
eutrophic nature of Ward lLake, However, as pointed out by
Casterlin and Reynolds (1977), the wide ecological tolerance of
some algae such as the fresh-water species of the genus

Asterionella (Huber-pestalozzi 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 compiled 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 between 0-5 have been
assigned to different algal genera. In an given instance, vwhen
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, Pemnsylvania, 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 1545, while Stations-« I and III and Lady Hyderi
Park pond showed moderate pollution, the anrwmal mean values
being 12;78, 12:17 and 13.17 respectively. However, WII of
Ward Lake and Fish Dale ponds had lower level of organioc
pollution with 6,72 and 6,06 : Thus Palmer's (1969) integration
of all studies certainly gives a reasonable categorisation of
such organisms as specific biological indicators (Casterlin and
Reynolds 1977).: On this basis, Ward Lake seemed to be moderately
eut;oPhio! Lady Hyderi Park pond less so, while the cemented
Fish 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 ledst 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 showed that near-shore flora

do have both polluﬁian tolerant and benthic types of algae as
these areas are usually reglons of major mutrient input

(Munawar and Nawwerk 19713 T
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Species composition of Cladecera'in different stations
‘of Ward Lake, Fish Dale and Lady Hyderi Park ponds considerably
" varied among these sysiems (Table-51:and'Figs. 23, 24, 25, 26,
27 and 28). The total number of species recorded during the
pxesentgstudies was 19 of which Ward Lake harboured 18 species
seven in Fish Dalerqndﬂgnd nine in Lady Hyderi Parg pond,
Besides, among the four stations of Ward Lake, 11 species were
recorded in WI, 7 in.ﬁlly 10 in WIII while a total of 14
species were recorded in WIV (Table-51). Thus, WIV seemed to
offer the mostvcondgcive'environment for different cladoceran
species vwhile 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 muoch larger in dimension and
having existed longer than theé other two systems; probably

- provides a relatively stable environment for the growth and

_ developmenm of seVeral-specieé, in terms of number of ecological
niches as well as diversity of food sourceés. A similar size=
dependant species diversity was.reported by.?ennak~(1957) while
-studying the mountain lakes of Colorado. On the other hand,

the small impoundment at Fish Dale being completely cemented,’
obviously .provided a 1ess‘éuitab1e habitat and resulting in

a 1ow species diversity: The Hyderi Park pond with its inshore
vegetatien is thought to have favoured dhydorid species |
(Smirnov: 1963) and hence shoved greater species diversity. It

is interesting to note,that in all these impoundmenxs,mmembers
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of Chydoridae dominated the sladoceran fauna with the
exception of WII of Ward Lake which is an open water station
and had a low number of chydorid species. This was also true
for the cemented pond at the Fish Dale, The low number of
chydorid species in these stations were likely to be due to
the absence of kittoral vegetations as most of the chydorids
are well known to be weed inhabiting forms (Smirnov 1963).
However, a few species of truly littoral chydorids did appear
occasionally in Station-I1I of Ward Lake -and in the cemented
nursery pond at Fish Dale, Thus, in WII infrequent appearence
of Biapertura affinis, Alonella excisa as well as Chydorus
sphaericug is thought to be accidental, probably drifted away

by wind action from littoral to the open water. Purther, the
numerical densities of these species never reached high

numbers indicating of their temporary intrusion. Such an
explanation, however, does not sufiice to explain the appearence
of C. sphaericusg,as the exact habitat of this species has been
disputed by many workers, Anderson (1971) noted C.sphaericus

in open water zones though in low densities and categorised

this species as limnetic without differentiating it as littoral
or plankionic. Thus, while this species did occur in WII of
Ward Lake, their true habitat preference needs more confirmatory

studies. In Fish Dale pond Chydorus sphaericus was represented

more in the collections, though this pond was also devoid of
any vegetation being of complete cemented constructions This
pond was very shallpwiin comparison to Station»II of Ward Lake
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with a completely flat bottom with practically no littoral
zone, Thus, based on the present studies, this species can
only be called as a heleoplanktonic form as suggested by
Hutchinson (1967) as its precise niche_ preference is yet to
be assessed as pointed out earlier. The other three chydorid

species, Acroperus harpae, Pleuroxus similis and Alonella

excisa which occurred in Fish Dale pond never formed subsjan-
tial pépulaiions and quite likely were brought in by the
inflow of the surrounding watershed drained into this pond
during the draught period.vwhen 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 chydorid species and thus explains their
dominance (Smirnov 1961, 1963).

.

For the purposes of comparison, the Similarity Index
of cladoceran fauna had been calculated for the different
stations of Ward Lake, Fish Dale and Lady Hyderi Park ponds
using S¢hensen’s index (QS) (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 differencess
Purther, vhen comparisons were made between different stations

of Ward Lake with Fish Dale pond and Lady Hyderi Park pond,
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WIII of Ward Lake showed a higher index implying closer
similarity in their faunal composition. Comparison of the

total Cladocera fauna of Ward Lake with those of Fish Dale and
Lady Hyderi ponds revealed lower value of. QB suggesting gross
differences in the faunal composition of these three impound-
ments. On the other hand, Fish 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 dididae

only two species,r§;g§ crystallina and Diaphano?oma excisum
were recorded from Ward Lake. S. ;ﬁgtallina'ap%eéred only
during the last month of the entire study périod (February
1978) in the weed beds of WIV, This Species?is %lways observed
to be a strictly weed-inhabiting form as aléé i%dicated by

Smirnov (1963). Diaphanosoma excisus on the other hand, occurred

only in the open waterx 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 Ilyoeryntus spinifer from Station-III of
Ward Lake whose appearence in the plankton sample seemed to be
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fortuitous as this species is a well known benthic form

(Fryer 1974).

Among the dephnids, Simocephalus exspinosus was

present throughout the study period in Station-IV of Ward Lake
except in December, 1977, whilé 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 totally absent from the open vater
station of WII and occurred only on two occasions at the Fish
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 Simocephalus

serrulatus was recorded in good numbers from WIV of Ward Lake

in January and Pebruary, 1977 when the former species

S. 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. Scapholeberis 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 suggésting their
preference for warmer seasons as already suggested by Sharma

(1978), In the open deep water station of Ward Lake, their
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oocurfende'was QOinhed only to September and October of (1976,
while théiffabundanoe 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 reglons due 1o their adaption of clinglng
to the surface film of water (Fryer 1956).

In the present study, two species od Daphnia are
recorded. Daphnia Tumholtzd 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
appeérence in this station indicates its truly planktoniec .
nature, The other Daphnia sp. which sparsely occurred in the
Hyderi Park poﬁd is of taxonomic significanceAinAthe.Indian
coniéxt'since it differed markedly from the two khown species,
Dabhmia carinata and Daphnia lumholtzi, The detailed systematic

position of this species is dlscussed elsewhere (Michael,
personal communicatlon) Their brief appearence without
developing a'subétantial 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 paik"area for‘reoreational‘purposes;
It is, however, well known that birds play a significant role
in the dispersidn.of different cladoceran spedies.(Proctor 1964,
Anderson’ 1971).
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The other daphnid species Ceriodaphnia gornuta made

its only appearence in June - July of 1977 in Station-I of
Ward Lake, The population densities of this species wherever
encountered never reéched high numbers although microaggre-

gation in Ceriodaphnia is well known and is attributed to

their reproductive activitiés (Brandt and Fernando 1971).

The moinid,- Moina miocrura which is a plankionioc

species 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 faofor, since this
species usually occurs in high densities in other impoundments
of tropical Indian plains (Michael 1969, 1971, Murugan 1975,
Sharma 1978). Further, factors like predation pressure by .
fishes on Cladocera (Brooks and Dodson 1965) and even high
phosphate content are known to haye'soﬁe limiting effect on
this species (Asch and Kingsbury 1972). In this context it is
of interest to note that the phosphate lavels of this station

vwas somevhat 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 al 1972, Anderson 1974) and has been associated
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with the eutrophic nature of aquatic ecosystems (Edmondson et al
1956), while Zago (1976) considers it as an indicator of
eutrophication, As discussed earlier all the three impoundments
in the present study were eutrophic in nature, though within
differing degrees (Table-79) and this might be one of the
reasons for the almost comtinuous distribution of B.longirosirds
in all systems dﬁring the different seasons. Again, it is
opined that thé comparatively low ranges of water temperature
in these impoundments are likely to have favoured better growth,
persistence and fecundity of B. longirostris as also reported
by Bhajan and Hynes (1972), who found that temperature above
21°0 vhile enhances the growth of this specges, yet unable to
sustain it for a longer period. Further, Bosmina longirostris

is known t0 have competitive advantage in acidic pH medium
(Janicki andiDe;éos%a 1977) which may be another reasons for
its ubiquitous 6ocuirence in all the present systems which have

low hydrogen ion eoncentration,

Among Chydoridae, Chydorus sphaericus has been found
t0o show maximum incidence among all species of Cladoceras,
occurring throughout the seasons. As pointed out earlier this
species appears to be widely distributed in the aquatic systems
of Shillong (Part<I) suggestive of their higher level of |
" tolerence as also pointed out earlier by Anderson (1971) and
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affinis, Camptocercus australis, Acroperus harpae,Pleuroxus

similis and_Alonella excisa were mainly confined to weed beds,

' which serve both as shelter and feeding territory and reflect
their well known preference to littoral regions of lakes and
ponds (Smirnov 1963). Among these species, Biapertura affinis
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 1s restricted for wat of adequate
information on the ecology of littoral chydoridae in general
(ILynch 1980), Two additional c£ydorid species, Alonella mana

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 weeg beds.

In the present study, Simocephalus exspinosus and

S.Berrulatug 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 observations of Kago (1976).
Normally among the Cladocera more than one species of the same
genus is not knowa to ococur 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 cladoceran species

varied from station to station. Some species belonging to
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certain genera did not form substantial populations and as

such 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 which two belonged to family
Daphnidae, one of Bosminidae and five in Chydoridae,

Simocephalus exspinosus showed considerable fluctua-

tions in its numerical densities (Fig.30). In WI during the
month of February 1977 and 1978 abrupt rise in densities was
witnessed. In WII this species was totally absent while WIII
showed only ‘a moderate increase in population density in
November of both years, indicative of an autumn pulse in
contrast to the late winter maxima in WI , In WIV, on the other
hand, a distinet autumm rise was noted (September 1976) while
the population passed through the winter with subdued
éensities showing a slight increase in ggrly spring of March,
1977. Hovwever, in the following September, no sucﬂ autumn
gWarn was recorded and the poPplation dwindled to neglig}ble
numbers, ultimately becoming totally absent during December,
1977. In FPish Dale and lady Hyderi Park ponds the numbers of
this species were very low. From the above account, it appears
that S. exspinésus showed the higher numerical density during
September to March (i.e, autumn, winter and spring), though
not confined to any omm of the seasons, I@g%ﬁﬁéﬁ@%;that
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generally each planktonic species has its own natural history
usually with the appearence of one to several peaks (Davis 1955).
It may be added that the sudden disappearence of S. 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 and such effects are also noted byCorni and Strainer
(1976), The fajlure to develop adequate population of this
species in the other stations of the present 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.

Fluotuations in the population density of Scapholeberis
kingd in different sampling stations have been shown in Fig.29.
Though this sPecieé is unique in being epineustic (Fryer 1956)
and apparently having least competition with other crustacean
filtrators, their density was not very high (35 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 demsity throughout spring till the
begimming of winter, The same pattern was seen in WIII while in
WIV and Lady Hyderi Park pond their density was poor. This
species was well represented in Fish Dale pnnd where in
addition to the autummal maxima slight increase was noted in
December showing an early winter pulse. Thus this species
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geems to be more in demsity throughout the autumnal period

in all sampling stations (Table=~53),

Seasonal fluoctuations in the numerical densities

of the bosminid, Bosmina longirostris have been depicted in

Pig.31. In WI this species showed autumn and winter peaks

while in WII only the autumn maxima was well marked, The same
vas true for WIII while in WIV the winter swarm was distinct
after which 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 adiaoent pulses while in the latter, the
higher values were recorded even from the end of November

(late autumn) through the winter after which their numbers
declined. In Fish Dale pond the trend was different showing
higher values during June - July of 1977, although, during
February of both 1977 and 1978 also a slight increase was noted.
Barring the Fish Dale pond with no definite seasonal pattern,
the higher densities in late autumn and early vwinter in other
stations are suggestive of a low temperature preference of

this species, Nevertheless, when the temperature reaches still
lover levels during Jamary and February ( late winter) these
organisms probably fail to survive, If the above interpretations
are assumed to be correct, the optimum range of temperature

for this species could seem to fall between the range of 15° -

20°C. Such a temperature preference was also reported by
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Bhajan and Hynes (1972) for B.longirosirig to favour better

growth, persistance and fecundity. However, Patalas (1956)
and Smyly (1957) recorded a spring maxima for B.longirostris,
while the winter maxima of the present investigations find a
paralled to that of Rylov (1935) for this species,

Chydorus sphaericus was the most dominant in terms of
numerical abundance among the chydorid species recorded in
different sampling stations (Pig.32). In WI, inspite of this
species occurring throughout the study period, September $ill
November recorded higher densities though the peak was in
February, 1977, implying both autumm and winter maxima. The
same trend was noted in WIII with winter increase contimuing
through early spring after which the population reaching low
' densitjes. More or less the same trend was observed in WIV with
the autumn peak much pronounced than that of late winter/spring.
In Fish Dale pond the same pattern was seen while in Lady
Hyderi Park pond, the peak was reached in November, 1976 (late
autumm) followed by a spring maxima with much lower densitys
Thus C. 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 Bermardi
and Canali (1975). In the present study, it has been noted that
ween wvhen C. sphaericus appeared occasionally in the open
water station of Ward Lake, it failed to form substantial
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populations, though many workers reported this species in
higher densities in the pelagic zooplankton (Reed 1964,
Cummins et al 1969, Patalas 1969).

Maximum numerical density of Biapertura affinis was

seen in WI of Ward Lake (Fig.33). Numerically this species
never formed high density in any of the sampling stations and
their seasonal distribution was sporadic. Despite no definite
pattern in their seasonal fluctuations, it was seen that their
populations showed moderate incr%ase“during July ti1l Octobex
representing the summer-rainy and autumm seasons., However,
their weed association has been evidenced by thelr extremely
poor representation in WII and Fish Dale ponds which wére

devoid of vegetation,

Seasonal fluctuation pattern of Alonella excisa has

been shown in Fig.36 which indicates its dominance in terms of
nunmerical densities during autumn and early winter in WI, In
WIII, though their numbers were low, still higher densities
were seen during early autumm of 1976 and 1977. In WIV this:
species exhibited maximum density in September, 1976 and
declined subsequently though contimued through winter and
finally disappeared in February, 1977. In the rest of the
period in 1977 no animal was recorded, though in Jamuary and
February of 1978 were present in very few numbers. In Lady
Hyderi Park pond A, excisa had a patchy distribution showing
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maximum abundance dur%ng June, 1977 which contimued 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, excisa is early autum till middle of winter, a swmmer

maxima is also evident.

The other two species of chydorid, Camptocercus

‘ australis and Acroperus harpae appeared in the littoral
stations of Ward Lake and Lady Hyderl Park pond. C.
australis showed high densities during the winter months in
WI, while in WIII, highest value was recorded in November,
1977, with fairly moderate demnsity during winter months
also, In WIV, however, C. australis did not show any
distinot peak and appeared from September till November

of 1976 with low densities. Thus from Fbg. 34 it is apparent
thattthis littoral species succeeded well during winter
months though late autumn is also likely to have provided

favourable conditions. In Acroperus harpae 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 WIII, On the pther hand, in Lady
Hyderi\Park pond, the population being of very low density
no definite patterm could be described (Fig.33)%
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In oxder to understand each of the cladoceran species
in detail, several parameters vere measured based on length
frequency a#alysis 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 famales with and without eggs. Additional
information on sex ratio , fecundity and gamogenesis have
also been gathered., Due to the lack of adequate literature
on size groups of Cladocera 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 struoture of the daphnid
species, Simocephalus exspinosug revealed certain distinctive
charaoteristiocs (Table-62,Fig.37). Croup-I which represented
Jjuveniles ranged between 0.55 to 0,85 mm beyond which size
priﬁiparous individuals vexe recorded, vhile from the laborato-
vy studies on the same species (Part-III) it has been shoun
that the four preadult instars ranged from 0,563 40 1,128 mm
in length, It thus shov a distinotly larger size at initial
maturity in laboratory cultures. Purther, during September and
Qctober, 1976 as well as in July, 1977 when the population density
in the field was particularly high, higher incidencs of juveni-
les (Group~I) ocourred in the population as was also reported

by Gezorge and Edward(1971) for Daphnia hyalina.During the peak .
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density in September, 1976 only few mature females were seen
with empty brood pouch (2%) vhile the juveniles formed a mean
density of 41%4. Conversely, vhen the abundance was very low
(2.5 units/1), mature females with empty brood pouch formed
53% of the total count, indicative of reduced reproductive
activities ultimately resulting in the decline of the popula-
tion. In this species, appearence of ephippial mothers vere
confined to late autumrm to early spring with an exception of
late vinter (February 1977). Hovever, no male was seen during
the entire study period. While the absence of males in
Cladecera is knovn in both laboratory cultures (Banta 1914)

as well as in field populations (Edmondson 1955, Michal 1962),
production of sexual eggs may be due to deeline in the food
level (Slobodkin 1954), temperature and photoperiod (Stross
1965, 1966) Shan and‘Frey 1968, Shan 1969, 1970). However, the
exaoct stimulus for production of sexual eggs has yet not been
olearly defined for nmatural populations (Hebert 1974). Further,
despite any distinot pattern in the seasonal distridbution of
diffeyent size olasses, the annual mean brood size of different
gize groups revealed Group~V as the most productive (length
175 = 2,02 mm). From the laboratory studies on S.exspinosus
(Part=-I11), it is evident that higher number of eggs were
produced in the sizes ranging between 1,649~ 2,25 mm ( 7th

40 12th instars) though the highest value was recorded at

the 10th instar, Thus, the size at vhich maximum egg/brood
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recorded wvas somevhat similay in both f£ield and laboratory

situations, Neverthelaess, in the natural populations the mean
brood size of Simacephalus exspinosus was found to be 7.16 in
contrast t0 21,16 obtained from the present laboratory studies
vhich needs %0 bve explained. It is likely that vhile laboratory
rearing of individual specimens was optimal with total absoence
of any form of intra or. interspecific competetion, the fisld
populations had to face the adversities of nature as many
biotic and sbiotic factors like food (Ingle et al 1937, Brooks
1946, Ryther 1954, Green 1956, Vijverberg 1976 ), f£ood and
orovding (Pratt 1943), oxysgen comcentration ( Fox et al 1951,
Green 1966), light (Bdlen 1943) as vwell as the age of mother
(Anderson and Jenkins 1942) are Mmown to influence olutch size
in Cladocera, The smaller maximum size attained by individuals
of f£ield population is also thought to be another charaoter
related to food availability. Even the smaller sigze of this
species at maturity referred to earlier could be attridbuted to
any of these factors of which supply of food seems to be a
prime factor (Ward and Hebert 1972, Vijverberg 1976), though
size regulation through predation pressure cannot be altogether
ruled out (Lynch 1980).

Data on the population analysis of the bosminid,
Bogmina longirostrig have been furnished in Tables-63, 64 and
65. In Stationw=I of Ward Lake, the maximum incidence of

7
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juveniles (Group I) cocurred at the period of high population
densities. In this station individuals belonging to Group II
to IV made major peroentage contribution during the apnual
ocycle, while Group V (0.5 to 0,59 mm) was recorded only
during lov deﬁsity periods. The egg/brood in WI varied between
196 t0 2/brood in differeﬁt size groups, vwhile the mean
anrual egg/brood for all sizes was 1.81. In WII, contributions
of juveniles varied between 1 t0 4% with their occurrence
independent of the population density, while the largér animals
(Group V) were represented more during the low density periods.
In this station the anmual memn fecundity was comparatively
high than that of WI (1.97/brood), Hence too the population
was formed mainly of the menbers of Groups II to IV (0.23 %o
0,50 mm); In Pish Dale pond, on the other hand, occurence of
laxrge sized £orms wers once again restricted to low density
périods, though not strictlys The annual mean egg/brood was
highexr than that of WI of Ward Lake, and fluectuated between
1.92 t0 1,98 eggs/byrood in different size classes, Age struce
ture of Bosminas longirostiris has been studied by Qanicki and
DeCosta (1977) vho emphasized the.importance of such studies
also in caleulating the production/biomass ratio, Further,
they pointed out thatnthe incidence of older females in the
¢ollections during low population density indicaive of

redugoed reproductive activities as was also secn in our
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present study, Even the appearence of high percentage of non
oga=bearing females in all size groups can be attributed to
the effect of food as lower levels of food concentration is
knovm t0 turn the parthenogenetie females into non-reproéuc-
tive forms (Slobodkin 1954), Thus in the three stations the
mean egg number per brood were 1.81, 1,96 and 1,97 Lor
Beslongirostris. These findings omn egg/bvyood are in close
agreement to those of Bhajan and Hynes (1972). Again, out of
the three populations of Bosmina, the one at Station-II of
Ward Lake showed a higher egg production rate implying a moxe
favourable niche 4in the limmetic zome in contrast to WI

located close 10 the shore with a-lover mean number of 1.81.

/

Detailed analysis of the different QOpulaxioné of
the chydorid, Chydorus sphacxiocug and the results obtained are
shown in Tables«66, 67, 68 and 69 while data on their length
group analysis during differénx seasons graphically shown in
Pigs.41, 42, 43 and 44, In WI of Ward Lake the appearence of
tﬁe membexrs of Group I during September and Ootobér. 1976

as vell as February and August, 1977 ocoincided with the
relatively high population density with the exception of
March, 1977 (Table-66). Even the relative abundance of size
Groups-II to IV coincided with their numerical densities,
Again vhen a comparison of the occurrence of animals with and

wvithout eggs was made it was geen that incidence of ovigerous
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mothers were correlated with higher demsity of the population
whils the lower value of 1.98 eggs/brood recorded for Croup-IIl
(0427 t0 0,31 m3) in January, 1977 coincided with lover demsity
in the field population. Unlike in B, longirostris the larger
animals of the present species (0.37 to 0,41 mm), were recorded
during higher f£isld density (September and October 1976)
probably suggcotive of optimal environmental conditions,although
their occurrence in February finds a parallel 4o the appearence
of large forms as overwintering populations (Keen 1976). In
WIII of Ward leke, morc o less a similar picture was obtained
for C. sphaericug though during the highest field density of

45 animals/l, not even a single member of Group I was present
among the 100 animals analysed. Howevey, barring this exception,
generally juveniles did appear during high population densities
as was also seen in W1, The apparently reduced rate of egg
production vwas recorded twice during the ammual oycle at this
station, one coinciding with lover field density while the
other when the field population was moderately higher (12
animaIS/l). Members of Group-VI (0.42 t0 0,56 mm) was recorded
:Ln this gtation both during lower and higher population
densities as that of WI, Again, with the exception of April,
1977 vhen nmumbers/litre were particularly low, mature females
with eggs formed about 80% of the total population in the

12 months study comparable to that of Station-W1. In StatioheIV
of Ward I.ake' as well as Lady Hyderi Park pond, though no
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definite seasonal trend in the frequency occurrence of sige
groups could be obtained, synchrony of juveniles and older
females with high pOpulétiﬁn densities were seen, Thus, the
nigh occurrenee of gravid mothers during high density period
'tn this station was in conformity with the £indings in other
stations, However, oocasionally'individuaie vith just 1 egg/

brood vere also noted.

Thus in all the four sampling stations, populations
of Chydorus spheericus mostly consisted of animals ranging in
length between 0.21 +0 0,41 mn representing Group-~II 40 Group-V

during the present studies. It may, therefore, be concluded
that in‘g.= sphaericus high population demsity generally
coincides with greater incidence of gravid females, Similarly,
incidence of juvenile is generally linked with higher populae
tion demsity evidently coinciding with a higher rate of
reproduction, However, the acceptiohal appearence of larger
indiv%duals during lowver population densities may be attridbuted
to the deelinimg trend of the population. The occasicnal
reduced egg number of {/brood as against the normal of 2/brocd
may be due to insufficient food availability as it is well
lmovm that fecundity q£~mostleladocereﬁ spgéoies is related to
their nutritional status (Brooks 1946, Green 1956,HEbevr and
1972, Vijverberg 1976).

Though Pleuroxis similis occurred in most of the
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collection sites, the only population which lent itself for
detailed analysis was that of Station-III of Ward Lake (Table-70,
Pig.45) ¢ Even then except for Jamuary and February, 1977, size
group analysis <.>f. #ils species was based on less than 40 animals.
Incidence of nongravid females was more in this species and
even in the peak demsity period more than 28% of the total

was formed by females.with empty brood pouch. The other differs
ence was that the juveniles were recorded vhen the total
population dengity was insignificant. Further, the mean egg/
brood was always 2 in this species irrespective of the differ-
ences in size grzmps. Thi.s is suggestive of a relatively stable
clutch size in this species even vhen the population density
vas insignificant though as pointed out earlier, different
biotic and abiotic faotors are known to influencse %ecundity

in Cladocera (MoArther and Balllie 1929, Brooks 1946, Green
1956, 1966, Vijverberg 1976). In this species, maximum
contribution was from the large sized Groups of III to V
ranging between 0,568 to 0,90 mm, Again, appearence of more
numbers of older individuals (Group-~V) during low demnsity
periods as seen in Chydorus sphaericug was not the case vith
Plevroxus similis, Length group analysis on Acroperus harpae
vas nade from the populations obtained both in WI and WIII of

Ward Lake (Table~71,Fig.46). The WI population resembled

Chydorus sphaericus in having high mumbers of juveniles
during high population density suggesting active recruitment
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to the population build up. The record of seven empippial
females among the 100 animals counted in March, 1977 is of
significance as no male vas seen at any time of the population
analysis. Such ephippial incidence without males in oladocéran
populations have been reported dy earlicr investigators
(Apstein 1907, Brook and Rzoska 1954, Byars 1960, Michael 1962).
In this connection it may be said that though' Brehm (1953) held
the view that gamogenetic generation will not be found normally
in the absence of males, Edmondsan (1955) showed in Daphnia
piddendorffiena that ephippial eggs can still be produced ,
though not fertilised, It has also been pointed out recently
that sex determination in Cladocera is apparently environmental
(Hebert and Ward 1972). Further, in the present study these
ephippial mothers of A. harpae occurred during the time of high
percentage of females with empty brood pouch (72% of the total
population), showing theroby a relatively unfavourabdle environ-
ment. It is now wall lmown that atleast under laboratory
conditions produotion of resting eggs are influenced by several
factors such as food, temperature, photoperiod and crowding

of mothers (Banta and Brown 1929, Penniak 1953, Edmondson 1955,
Davison 1969, Shan and Frey 1968, Shan 1969, 1970) vhich are
also likely to operate under field conditions,

In WIII, on the other hand, out of the threo months
in vhich juveniles of A, haxrpag were recorded, two occasions

E)
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coincided with insignificant f£ield total density of this
species, As such, inecidence of more number of juveniles,
though indicative of active reproduction, does nolt necessarily
suggest a corresponding higher population density as factors
like predatory pressure among many others are already knovn

to regulate cladoceran commnities (Dodson and Brooks 1965,
Green 1969, Dodson 1974, Lynch 1980), Furthermore, both in

WI and WIII more number of larger females of this speclies vere
recorded during periods of relatively high numerical abundance
as was also the situation in Chydorus sphaericus in most
gtations. Pecundity of tﬁe above mentioned populations of
Acroperus gégngg_varieq between 1.93 to 2 eggs/brood though in
majority of the months studied less than 2 eggs/dbrood vas
seen, thought to be directly related with fluotuations in
mtritional levels in the habitat (Hebert 1974, Redfield, 1980).

In Alonella eéxoisa, the general patterm of population
structure was similar to that of other chydorids. The abundance
of juvenile instars in this species did not follow any set
pattern in the three populations of W1 and WIII of Vard Lake
-and Lady Hyderi Park pand as also seen in Acroperus harpae.
Percentage contribution of non ovigerous females in this
species vere generally more during seasons of low

population density which is similar to the findings on other

chydorid species discussed above. Though this species appeared
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in varying densities with their number at times bveing
negligible, exhibited a remarkably constant egg number in all
size gréups. When compared with the presqnm laboxatory £indings
on Alonella excisa (Part-III), the initial length of the
Juveniles in the field as found %o be much smallexr ( 0,22 =
0.26 mm) %0 that of laboratory individuals (0,303 -0,376 m).
Again, the maximum sige recorded in yhe laboratory vas 0,612 mm

in contrast to 0,57 mm recorded from the field sauples. Such
differences are suggestive of a smaller size at maturity in
nature brought about, among several othexr factors mostly by
differences in food and temperature (MeArthur and Baillie
1929, Vijverberg 1976). It is of interest to note that Green
(1966) had already suggested that in warmer water, greater
number of smaller eggs are produced t0 ensure greater rate of
population growth, as small sized eggs are lmown to result iﬁx
smaller sized embryos (Steele and Steele 1975), Further,
relatively lower maxirum length attained by the field animals
might have been also the result of availability of food as
both quality and quantity of food is known to effect growth
in Qladocera (Vlj§erberg 1976) «

Recently Iynoh (1980), while reviewing the evolution
of life history patterns of Cladocera in gemeral opined that
small sized.oladoceran species, though remain vulnerabdble to
1nyerteprate predation, produce large? offsprings which
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mature at an early stage thereby reducing juvenile mortality.
However, though this might explain the smaller size of
Alonolla excisa at maturity under field conditions, me such

predation data is available from the present study to substane
tiate the above opinion. Purther, as detailed in Part-III, in
the laboratory culture some individuals of Alonella excisa
were seen 10 pass through fevw nonereproductive instars, under
the same feeding regimes as the rest of the culture which
shoved active reproduction and growth. This phenomenon may
also explain the presence of females with empty brood pouch
even vhen the field population is otherwise active and groving.
Such occurrence of non ovigerous adult females in the present
species as also seen in the other chydorids discussed above
night be true for chydorids in general vhich are thought to
have a similar life cyele paitern as viewed by Shan (196).

In a very recent review, an analysisyof data from
seventy different workers had been made by Lynch (1980) who
summarised the life histoxy strategies in various eladoceran
species, Based on both field and laboratory information
gathered on all the present species, a compariscn has been
made with the Summary Table of Lynch (1980). It is apparent
that Simocephalus exspinosug in the present study has a smaller

maxirum size with a larger brood size as compared to other

reports.. This smaller initial sige and as well as smaller clutch
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size in 8, exspinosug seen in the present study reveals the
descripancies even for the same species from region to region,
These are thought to be due 1o differemnces in the geographiecal
localities with differing focd, temperature and other regimes.
Such differences have slready been pointed out and discussed’
in Bosmina longircetyris. These findings at-least partially
ansver the generalised question raised by Frey (1967) whether
widespread eurytopic species are in reality & collection of
smaller geographic populations with different ecologies and
physiologies. The mean brood size of B, loengirostiris as

computed in the present lake and ponds while closely similar
0 the findings of Bhajan and Hynes (1972), the maximum brood
size 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 Bable suggest the apparent
similarity of chydorid 1life histories even in different
geographic locations,

Thus from the above discussions it may be concluded
that the daphnid Simocephalus exspinosus had more or 1less a

similay growih pattern both under f£ield and laboratory
conditions, though variations in brood and body size existed.
On the other hand, all the species of chydorids, exhibited
some degree of overall similarity in their population
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struocture rthough with the following differences, Both
Acroperug harpae and G. sphaexicus showed minor variations
in relation to egg numbers, while Pleurorfs similig and
Alonella excisa had a constant number of 2 eggs/brood even
when their field density was poor. Thus in terms of reproduc-
tive potential there seems to exist two categories among the
present chydorid assemblage, one showing slight variations
in egg number ( Chydorus sphaericus and Acroperus harpae )
while the other with constant egg number apparenily not
influenced by changes in the eanvirommental. conditions.
Pleuroxus similis end Alonella excisa fall into this latter

group, However, it may be added that though the obserced
variations in mean egg rambers of the former group range
only in negligible fractions, it may still be of significance
in viev of the constancy of 2 eggs/brood known for most of
the smaller chydorid Speciesq‘



PART<II

SUMMARY
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Detailed investigations ah the hydrobiological conditions
a;d cladoceran fauna were carried out on three selected habitats
for a period of 18 months at veekly intervals. This study was
aimed at gaining insight into the biology of different
cladoceran species under natural conditions. These study
impoundments situated at an altitude of 1600 m, within the
Shillong city, were Ward Lake, the largest and deepest among
the Shillong systems, Fish Dale pond and Lady Hyderi park pond.
These impoundments showed variation in size, shape, depth and
vegetation, Purther, vwhile Ward Lake is for recreational purpose
and stocked with oommon carps, Fish 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 sampling stations
were established, four of them in Ward Lake while the other two
smaller ponds each treated as a single sampling stations

Studies on the morphometry and associated vegetation
shovwed differences among these ponds. The ranges of values
obtained on the physicochemical properties in these systems
vere similar to those of other impoundments of Shillong
surveyed at two monthly intervals. Thus these three impoundments
wvere also characterised by low values of pH, conductivity,
alkalinity as well as silicates. On the other hand moderately
higher values of phosphate and nitrate were recorded. However,
differences in the physicochemical properties were noted
between the different sampling stations,



317

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 Hyderi 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. The sharp increase
in conductivity values on certain occasions have been
discusseds, In Lady Hyderi park pond a higher carbon dioxide
value was recorded coinciding with lower densities of algaé.
Only bicarbonate alkalinity was recorded in all stations
wvith the exception of a single instance, These values were
lower in comparison to other aquatic systems of India,
Phosphates and nitrates. wvere moderately higher in their
concentration while the amount of silicate was low in all

stations,

Higher phytoplankton densities were recorded during
- October, November and February in all four stations of Ward
Lake, while lowest demsity was seen in Lady Hyderi park
pond. The major phytoplankton' groups recorded were
Myxzophyceae, Chlorophyceae, Dinophyceae, Chrysophyceae

and Bacillariophyceae. 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
Bacillariophyceae and Chlorophyceae were more. In Lady
Hyderi park pond also the same was thé case, Besides, in
Fish Dale pond Chlorophyceae formed the bulk,
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Maximum abundance of zooplanktion was seen in
station IV of Ward Lake while the least was in Fish Dale
pond, Differences were noticed in the seasonal fluctuations

of zooplanktonic groups and causes discussed.

Based on the phytoplankion community structure the
degree of pollution was aséessed. Thus two out of the three
impoundments fall under moderate level of organic pollution
while the third under low pollution. Also, differences were
noted in the degree of pollution even between the stations

of the same system.

A total of 19 cladoceran species was recorded during
the present study. In Ward Lake alone a total of 18 species
were seen, while in Pish Dale and Lady Hyderi park ponds,
the numbers were f and 9 respectively: The chydorid
ol%dooeran vere mostly associated with the littoral
vegetation, In terms of diversity, more species were reocorded

in the largest system as compared to otherss

In addition to their presence in the littoral zone,
Chydorus sphaericus was also seen in the limmetic stations.
The occasional appearance of othexr chydorids in ponds
completely devoid of vegetation, however, secemed to be due
t0 migration aided by wind action as well as through diverted
inflow of water. Though 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 cladoceran species showed
variations among different stations. While the two 3ididae
species were patchy in distribution, the only doninant
daphnid species, Simocephalus 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 coxrnuta as well as Moina micrura had

restrioted occurrence during the annual cycle., Bosmina

longirostrig. appeared in most stations during the greater

part of the seasons. Among the chydorids, Chydorus
gphaericug had a continuous distribution throughout the
study period while other chydorids exhibited seasonality

in their occurrence,

Numerical density of differemt species showed

variations during the 18 months study in different stations.
Though a certain degree of similarity existed in the
geasonal abundance in different stations, a‘humber of

dissimilarities were also noted and discussed,

Dominance of chydorid Cladocera was well marked in
littoral stations and seemed t0 be causally related to the
vegetation., On the other hand, Species belonging to
Daphnidae, Moinidae and Bosminidae were well represented

in the limnetic regions in conformity with the planktonio
ﬁwﬂofammnWofmm.NNMnnmwwnmwofmm
than one species of the same genus was usually noted and

when more than one species appeared, one dominated
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numerically.

Results on the size group analysis of one daphnid
species, one bosminid and four chydorid species have been
presented, The daphnid species, Simocephalus exspinosus
exhibited some similarity to the same species cdltured
under laboratory conditions. The field specimens, however,
showed lower number of eggs/brood and had a smaller maximum
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 mothers were also recorded, though no males were
seen, Both in the bosminid and the chydorid species, the
same trend was noted. In addition, incidence of more
number of females with empty brood pouch was recorded
during low population density periodqg Further, in two out
of the four chydorid species, slight variations in mean
fecundity value were recorded while in the other two, a
constant number of 2 eggs/brood were seens These findings
have been compared with recently published reports and

the salient differences discussed,
| e



PART~-III

LABORATORY LIFE CYCLE STUDIES OF DIFFERENT
CLADOCERAN SPECIES
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The planktonic crustacean filter feeders play a
major role in the secondary productivity of freshwater ecosystems.
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 chain, Further, among these
Crusiacea, the group Cladocera is well known to form the food of
fishes for both adult and fry (Alikunhi 1952, Welch 1952, Pennak
1953, Vaas and Van-Oven 1959, Michael 1962, Navaneethakrishnan
and Michael 1971, Vijayaraghavan 1970). Thus proper understanding
of the basic 1ife parameters of Cladocera are of primary
importancs to obtain an insight into their biology under natural
conditions, These realisations have prompted many workers to make
a comparative study of laboratory and field 1life 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 oonaucted on the life history patterns of cladoceran
species from the tropical plains gf India, confined mostly tc the
lower latitudes (NaYaneethakrishnan and Michael 1871, Murugan
and Sivaramakrishnan 1973, 1976, Murugan 1975, 1975a. Unfortunately,
no attempt has been made so far to study the life cycles of
Cladocera at the relatively higher . jatitude where subtropical
conditions are obtained; particularly so in the altitudinal hill
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regions of North-Basterm India. Further, under Indian conditions,
among the members of différent families of Cladocera barring the
daphnids and moinids, the life cycle patterms are not worked out
in other families, especially in the largest group of chydorid
Cladocera, Bven, on a worldwide basis the life history studies
on chydorids are just being worked out as reviewed by Shan (1969),
who studied the detailed life history of'ﬂieuxoxus denticulatus
and suggested a probable general pattern in the life history of
chydorids. In addition, our knowledge on the life history of the
males of Cladocera in general are still meagre, as compared to
that of the parthenogenetic females, noteworthy works being
those of MeArther and Baillie (1929)and Lei and Clifford (1974)
on the male life cycles,

Taking into account the foregoing facets, an attempt
has been made :here to study the life cyole details of few aelectea
cladoceran species representative of the families, Daphnidae,
Moinidae:; and Chydoridae under the present subtropical climatic
conditions (vide infra, Part-I ), Thus laboratory life cycle
studies were conducted on the male and female of Daphnia
lumholtzi, females of Simocephalus exspinosus, Moina micrura

and Alonella excisa and the results discussed.-



PART=-ITT

MATERIAL AND METHODS
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Three of the four species for the present study had
been collected from the plankton of Ward Lake. The species
Moina miorura was collected from a small pond at New Colony
locality of Shillong (Fig.2, System-III). A plankton net

fabricated out of No.25 xxx bolting silk was used for this
purpose. On rsturn to the laboratory, the samples were trans-
ferred to a glass trough of 3 1 capacity. Cladoceran species
were picked out with Thehelp 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 be reared for Daphnia lumholtzi.Pond

vater, 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 different life cycle parameters

were obtained using a compound microscope., The life cycles of
species studied were Simocephalus exspinosus and Daphnia
lumholtzi belonging to family Daphnidae; Moina micrura of

family Moinidae and Alonella excisa under family Chydoridae.
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The length measurements of both the parthenogenetic
females and males of Daphnia lumholtzi were made as shown in
Fig.51 .+ 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
Simocephalus exspinosus, Moina micrura 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 Fig. .
Length was measured using an ocular micrometer under a compound

mieoroscope, All the illustrations were made using a Camera

1uoidaf

T

Rate of egg production in the species investigated
was‘calculated by plotting the cumulative frequency of égge
against the number of adult instars. The slope of the regression
line ( a value) gives a measure of the rate of egg production
(Navaneethakrishnan and Michael 1971). Thus the equation of the
straight line fitted is ¥ = ax + b , vhere x denotes the number
of aduli instars and y denotes the oumulative mimber of eggs,
while *a' and 'b' are constants and *a' gives a direot measure

of the rate of egg production (Navaneethakrishnan and Michael
1971).
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PART-III

RESULTS

LIFE CYCLE
Daphnie lumholtzi (female)
Daphina lumholtzi (male)
Simocephalus exspinosus

Moina miecrura
Alonella execisa
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Life cycle of Daphnia fimboltsiSearst

Parthenogenetic female : The various life cycle parameters
of the parthenogenetic female of Daphnia lumholtzi have been
furnished in Table-80., It will be seen that the freshly bormn
neonata mgasured 0,637 mﬁ in length which matured after 4
moults, The primiparous s female measured 1.350 mm long and
reached the maximum length of 1:954 mm in the 14th instar and
failed to show any further sigze increment in the 15th'instar
after which death occurred. The length at different instars is
shown in Fig,52. Thus, under laboratory conditions the total
life span recorded was 775.13 hours (32.30 days) at 22%0 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 with the adult instars distinetly longer than the
preadult instars. Variations in the duration of the 4 preadult
instars ranged between 30,49 to 38,79 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 a 1life {time
of 32,30 days was 51.09, Highest nmumber of eggs per brood was
recorded at the 8th or the 4th adult instar (7.29/brood), while
the lowest value was 1.75.eggs per brood in 15th instar (11th
adult instar), In Fig.53 fecundity and duration of different
instars have been plotted against the age of the females
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Table=81 sShowing the different life cyecle parameters of
female Daphnia lumholizi studied under laboratory
conditions,

Mean Eggs/brood Gamulative Duration  Oumulative

g?ﬂ
B

length No.) No., of eggs of instar duration of

(mm) ¢ (dr.) instar (Hr.)
1 0.637 - - 30.49 .49
2 0.770 - - 36,00 66.49
3 0,911 - - 38,06 104455
4 1.094 - - 38.71 143.26
5 1,350 4.44 4.44 42,58 185.84
6 14549 4.48 8,92 49.66 235.50
7 1.638 6.68 15.66 52.89 288,39
8 14735 7.29 22.89 57.50 545.89
9 1.768 5.42 28.31 55.15 401,06
10 1.816 4,90 33,21 58,72 459,76
11 1.857 5.38 38454 61.64 521.40
12 14895 4,63 43,27 61.46 582,86
13 1.922 379 47.01 61.20 644.06
14 1.954 2.33 49.3%4 66,46 710,52
15 1.954 1475 51,09 64.81 775.13

Table~82s Showing the different life oycle parameters of
male Daphnia lumholtzi studied under laboratory

conditions.
Mean Duration of Cumilative
Inster length instaxr duration of
(mm) (Hr) instar (Hr.,)
1 0,582 34.29 34.29
2 0¢728 43.02 ! 770 31
3 0.786 52.80 130,11
4 0.900 3771 167.82
5 0.972 37.7T1 205.53
6 1.072 54,86 260.53
7 1.115 49.71 310,10
8 1.272 51.43 361.53
9 14327 60,00 421,53
10 1.384 54,86 476,39
11 1.406 : 65.14 541.53
12 10451 66060 608039



Fig.52

Showing changes in the length of the parthenogenetic
female of Daphnie lumholizi during different instars.




Fig.52
2:0

R}

157

Length (mm)

1-0

i A 1

A

6 8
instar number

10



Fig.53

Showing number of egg/brood , age and number and
duration of instar in the parthenogenetic female
of Daphnia lumholtzi,
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Fig.54
Rate of egg production of Daph.n;a lumholtzi,
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Fig.55

Showing changes iz

during different
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Fig.56
Dumation of instars in the male of Daphnia lumholtzi.
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under study. The cumulative frequency of eggs in different
adult instars had been plotted in Fig.54 and the angle of
slope ( a value) of the fitted curve was found to be ,

a = 1.0396. Among the 30 females reared, only one of them
produced 5 ephippia following the parthenogenetic cycle.

Male s The total life-span, number of instars and their
duration of the males of Dqggéia lumholtzi have been given in
Table-81 and Figs. 55 and 56. The individual male undervent
a total of 12 instars in its life cycle and survived 608,29
hours (25.35 days) at a laﬁoratory temperature range of
22° to 26°C, 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 parthenogenetic female, the last male
instar showed increment in length. The durations of different
instars were highly variable and ranged between 34,29 to 66,60
hours, though the last 2 instars (11th and 12th) were distinct-
1y longer than the others; -

Life cycle of Simocephalus exspinosus (Koch) 3

The life cycle of the parthenogenetic 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 2600 are represented. Under laboratory



328

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 (6.33 days) and the
remaining was spent during the adult instars (Fig.57). The
freshly hatched neonata measured 0,563 mm which gradully
increased to reach the maximum length of 2,40 mm at the 15th
instar, The last instar did not show any further increment in
length. The first adult instar (5th instar), at which the
animals became primiparous measured 1,312 mm, The duration of
different instars and the number of eggs per brood have been
depicted in Fig.58 against the age of the animal. The total
number of parthenogenetic eggs produced during the life-span
of 40,61 days was 253,88, 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 & maximum of 38,04 and showed
a distinot bimodality. Duration of different instars ranged
between 35.04 to 78,72 hours. Of these, adult instars ranged
betwen 60,00 to 78,72 hours while thé 4 preadult instars showed
a duration limit ranging between 35.04 to 56.16 hours with the
highest duration at 10th instar (6th adult instar) while the
lowest was that of 2nd instar with 35.04 hours. The rate of
egg production was found to have an a value of 1.5883 with the
equation of the fitted curve being Y =1.5883 X + 0.7878
(Fig.59),
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Showing changes in the length of Simocephalus exspinosus
during different instars,
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Fige58

Showing number of egg/broocd, age and number and
duration of instar in Simocephalus exspinosus.
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' Fig.59
Rate of egg production of S;imocephalus exspinosus.
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Life cycle of Moina micrura Kurz 3

Results on the laboratory studies of the life cycle
of the parthenogenetic female of Moina micrura, conducted at
a temperature range of 18%t0 26°C have been shown in Table-83.
The average total life span recorded for this species was
728.64 hours (30,36 days) as shown in Fig.61. The Iife cycle
included 14 instars of which 2 were preadult and 12 adult
instars, The 1§t %nstarlneonata was 0.563 mm in length which
gradually increased to reach a maximuim of 1,066 mm in the 13th
instar., Instar nﬁmber 14 Qr the last instar did not exhibit
any perceptible increment in length. Fig.60 showd the length
variations during different‘instars. The duration of different
instars varied considéerably as shown in Fig.61. The 1st instar
lasted for only 27.84 hours while the 1st aﬁult primiparous
instar (3rd instar) was of 36,00 hbu;s duration, Highest
duration wae t‘hat of 2nd adult instar (4th instal) with 64.34
hours, During the remaining instars the duration ranged between
51.84 to 60.00 hourss Rate of egg production was lowest during
the last two instars. The 1st adult instar (3rd instar)
contained 3.40 eggs per brood while the 6th, 7tp and 8th instars
(4th, 5th and 6th adult instars) were the most productive with
a mean egg number of 6,48, 6.76 and 6432 respectively. Then
onvards the egg number declined to reach the lowest value of
3 on the 11th adult instar (13th instar) which remained

unaltered even during the next instar, The cumulative f£requency
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Table-ﬁB} s showing the: different 1ife cyele parameters of
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Fig.60

Showing changes in the length of Moina micrura
during different instars.,
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Figeo1

Showing number of egg/brood, age and number and
duration of instar in Moina micrura.
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Pig.62

Rate of egg production of Moina micrura,
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of‘egg number for this species has been plotted against the

number of adult instars in Fig.62. The angle of the slope of
the straight line ( a value) was found to be a = 1.1645, vhile
the equation of the fitted curve was Y = 1.1645 X + 0.5478.

Life oyole of Alonella excisa (Fischer) :

The studies conducted on the life cycle of the

parthenogenetic female of Alonella exq;pé exhibited an average

total life-span of 1801.01 hours (75.04 days) under laboratory
conditions., This experiment was éonducted at a room temperature
range of 18° to 25%. The average mean length, instar duration
and eggs per brood have been shown in Table;84. This species
had a total of éB'instars in its total life-=span of which the
first 2 were preadult and the remaining 26 were adult instars,
Inorement in the.length of A, excisa during different iﬁstars
has been shown in Fig.63. The freshly born neonata measured
04303 mm which grevw steadily to reach the maximum length of
0.612 mm at the 26%th 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 léngth..Qhe egg ﬁroduotion per female was
constant at 2 upto the 15 instar (13th 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 s Showing the different life oycle parameters of
Alonella excisa studied under laboratory conditions.

Mean Bggs/brood  Cumulative Duration Cumulative
Instar longth (Nos) No. of eggs of instar duration of
mm) (Hr.) instar (Hr.).

1 0.303 - - 34,40 34,40
2 0.376 - - 38,07 T2.47
3 0.424 2,00 2.00 67.86 140433
4 0.449 2.00 4,00 624,90 103.23
5 0.474 2.00 6,00 54,62 257.85
6 0.486 2,00 8.00 62.90 320475
T 0.490 2,00 10,00 62.07 382.82.-
8. 0.497 2.00 12,00 51.31 4344137
9 0.529 2,00 14,00 51.31 485444
10 0.542 2,00 16,00 57.93 543,37
1 0551 2.00 18,00 61.24 604.61
12 04559 2,00 20,00 67.86 672447
13 0.562 2400 22.00 61.24 733.71
14 0.566 2.00 24.00 61.7% T95.42
15 0.568 2,00 26,00 62,76 858,18
16 0.571 1498 27.98 63.69 921.87
17 0575 - 1.80 29,78 64.62  986.49
18 . 0.580 1.94 31,72 67.64  1054.13
19 0.585 1.60 3332 65.14 1119.27
20 0.590 1.88 35420 62.86 1182.13
21 0,594 2,00 37.20 70.59 1257.72
23 0.604 2,00 41.20 82.29 1405.01
24 04605 1.94 43.14 72,00 1477.01
25 0,608 2.00 45.14 72,00 1549,01
26 0.612 1.82 46.96 84,00 1633.,01
27 0.612 - 46,96 88,00 1721.01

28 0.612 T - 46,96 72,00 1801.01



Fig,63

Showing changes in the length of Alonella excisa
during different instars,
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Fig.64

Showing number of egg/brood, age and number and
duration of instar in Alonella excisa.
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Pig.65

Rate of egg production of Alonella excisa,
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instars 16 to 20 ( 14th to 18th adult instars). Thus, apart
from the last two instars when(no egg was produced the mean
egg production varied between 1;66'to 2‘per brood. Fluctuations
in egg production and duration of instars have been shpwn ,
against the age of the animals in Fig.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 pemultimate instar
(27th instar) with a mean duration of 88.0 hours., Thus the
variations in instar duration was 34,40 to 38.07 hours in the
preadult séages while in the adult instars the durations
ranged between 51,31§t0 88,00 hours, The rate of egg production
for this chydorid species was a = 0,9814 and eéuation of the
fitted line between cumulative frequency of egg production

and the number of adult instars was Y = 0,9814 X + 03143
(Fig.65)



PART-IIT

DISCUSSION
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Results on the laboratory studies conducted on the
life cycles of the parthenogenetic females of Daphnia

lumholtzi, Simocephalua exspinosus, Moina micrura and Alonella

excisa was well as on the male of Daphnia lumholtzi are
compiled and presented in Tables-80, 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 observed in
all the present species during their development (Edlen 1937,
Green 1956). In the present studies the growth ocurves of all
species showed a more or less similar patterm as was also
obser%ed in other species by earlier Indian workers (Murugan,
Sivaramekrishnan 1973, Murgan 1975, 1975a). Purther, in the
females of all the four species studied here, length ceased
to increase further after attaining a maximum size even though
the animals continued to survive for one or few more instars,
This phenomenon has already been recorded in other cladoceran
species ( Ingle et al 1937, Banta et al 1939, Murugan and
Sivaramakrishnan 1973, 19763 Murugan 1975, 1975a). However,
Richman (1958) reported a complete cessation or even negative
growth in the older instars of Cladocera, But in the males of
Daphnia lumholtzi growth continued till the last instar,
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though the inocrement during this instar (12th instar) was much
lower as compared to others (Table-81, Fig.55). Such similar
continuous growth was also recorded in the females of Daphnia
carinata (Navaneethakrishnan and Michael 1971) and in
Ceriodaphnia cornuta (Michael 1962). Interestingly enough, the

~latter species, Ceriodaphnia cornuta 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 (Vijverberg
1976), the present results along with the reports from other
workers cited above go contrary and point to therneed of
further elucidation of this phenomenon.

From 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 to0 the observations of Lei and Clifford (1974) on
Daphnia sch¢dleri and Navaneethkrishnan and Michael (1971) on
the tropical species of Daphnia corinata . But in Simocephalus

exspinosus (Table-82) this does not seem to be true as in this

species the maximum growth was 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 instars 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 micrura (Murugan 1975),Scapholeberis
kingi (Murugan and Sivaramkrishnan 1976) and Simocephalus
acutirostratus (Murugan and Sivaramakrishnan 1973). In the

male of Daphnia lumholtzi, however, highest absolute growth in

length was observed between the Tth and 8th instars (Table-81).
Nevertheless, increase in length was also highexr betveen the
first andrthe second instars. In most cases, increment in
length is generally said to be higher between the adolescent
and primiparous instar as also seen from the preseant findings
on Daphnia lumholtzi and other earlier reports (loc.cit).
Although, Hutchinson (1967a) pointed out that the growth at

any given instar is dependant upon and positively corelated
t0 the amount of food'supplied.

In Pigs. 52, 59, 57, 60 and 63 the increment in growth
at each instar for the females of Daphmnia lumholizi,

Simocephalus exspinosusg, Moina micrura 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
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u
inerement during the juvenile instars was more apparent in

Daphnia lumholtzi, Moina micrura and Alonella excisa . Such

growth curves were observed in mapy other cladoceran species
too (Anderson 1932, Richman 1958, Hrbackova-Esslova 1962,
Smirnov 1964, Navaneethakrishnan and Michael 1971, Lei and
Clifford 1974, Murugan 1975, 1975a, Murugan and Sivaramakrish-
nan 1976). Recently, Weglenska (1971) pointed out that inorease
in the body length of Cladocera is almest three times slower
in the adult instars t;an those of the juveniles, On the other

hand, in Simocephalus exspinosus the retardation in length

increment was more gradual unlike in the other allied species,
Simocephalus acutirostratus from India (Murugan and

Sivaramakrishnan 1973).

In the present investigations, the numbex of preacdult
and adult instars varied for different species. In the females
of Daphnia lumhoitzi, the preadult instars numbered between
four and five, although more than 80% of the females studied
became primiparous only at the fifth instar. The other daphnid,
Simoceppalus exsﬁ;nosus 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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Pable~86 3 Showing the number of preadult instars in different
daphnid species.

\ No, of Temp., cCulture No:of
8pecies preadult ©C medium obser- Source
instars vations.
Daphnia 4 25 BMS 338 Banta (1939)
longispina
D,longispine 4 25 - BMS 151 Ingle et a1(1937)
Dsmagna 5 18423 BMS 19 Anderson (1932
D.magna 5«8 18<23 OBM 81 Anderson (1932
D.magna 446 25 BMS 158 %nder§on & Jenkins
1942
D,magna 4-5 22 as¢ 96 Green 19563
D.obtusa Beid} 2 SS¢ 24 Green (1956
Diobtusa 4 10,20,28 S/C 82 %rbgc%ova»Esslova
1962
D.atkinsoni 5«6 22 Sse 18 Green §1956
D,ambigua *#3.4 22 Sse 15 Green (1956
D.ourvirostris  #4~5 22 5s0 23 Green (1956
D.Curvirostris  #4«5 10,20,28 S/C 93 Hrbacknva-Esslova
x (1962)
D.thomoséni 4-6(5Y 22 SSC 19  Green (1956)
D.pulex 4=5 22 SS¢ 10 Green (1956)
Dipulex *#4=-5 10,20,28 §/C 129 %rggc§ova~Esslova
1962
D.pulex #4-5 15=22 BMS 80 Anderson et al(1937]
Dimiddendorffiana 5+7 10 G 9  Ferrari (1970)
Dshyalina 4=7 1822 ™e 66 Hrbackova (1971)
Dihyalina 4 22 SsC 2 Green (1956)
Dicarinata 5 29-31 FPW 30 Navaneethakrishnan
J & Michael (1971)
Dischédleri 4+T7 (0$0)5,20,25 BMS 52 Lat & Clifford(1974)
D.schddleri 3+4 (0) 5,20,25 BMS 24  18¥% & Oligford(1974)
Simocephalus 4 28«30 FPW 15  Murugan & Siva-
acutirostratus ramakrishnan(1973)
Simocephalus 4 17-24 IPW 25 Present study
exspinosus .
Dephnia #h-5 22=26 TEW 30 Present study
jumholtzi

# Indicates a value which occurred in more than 80% oZ the total
number observations: .
(BMS : Banta's Manure soil madium, OBM : QOatmeal modification of
Banta's medium; SSC 3 Standard suspension of Ghlorella vulguris,
S/C s Scenedesmus obliquus or Chlorella vulguris,sWC. s Filtered

Lake water added Chlorells, FPW s Filtered jPond water ).
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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 demonstirated by

many earlier workers (Green 1956, Edmondson 1960, Korinek
1970,'L%® and Clifford 1974, Vijverberg 1976). Thus while no
generalisation can be made on the number of the preadult insters,
the only inference that can be drawn is that for most of the
daphnid species the preadult instar numbers seem to vary

between four to six, though not without exceptions (Table-85).

Simocephalus exspinosus 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 Simocephalus acutirostratus (Murugan and Sivarama=-

krishnan 1973) and Simocephalus vetulus (Bottrell 1975).

Number of preadult instars in Moina miorura and Alonella excisa

were always two. This record on M. micrura is similar to the
earlier findings on this species (Murugan 1975). Shan (1969),
while dealing with the life cycle of Pleuroxus denticulatus,

pointed out a probable general pattern of life cycles in
chydorid Cladocera. The present findings on the chydorid,
Alonella excisa is in confirmity with that of the mentioned

study, since both Alonella excisa and Pleuroxus denticulatus

had a total number of two preadult instars. The present report

on the life cyele of Alonella excisa 1s 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 lumholtzi was 11 while Simocephalus exspinosus had

12 adult instars,and in Moina miorura and Alonells excisa,

the numbers were 12 and 26 respectively. In Table-86 comparison
of life cyocle characteristics of different Indian cladoceran
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 medium used was filtered pond water., It can
be seen from Table~86 that considerable similarity exists
between the number of preadult instars while the numbér of
adult instars varied from species 10 species. These variations .
may be attributed to food (Michael 1962;.Hutchinson 1967, Lei
and Clifford 1974, Murugan 1978), temperature (McArther and
Baillie 1929, Green 1956, Bhajan and Hymes 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 mierura in the present study was 1,066 mm recorded
during the 14th instar while the same species had a maximum
length of 1Q908 mm as observed by Murugan (1975) at the 33th
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 muoch longer in size (0,688 mm) as compared to 0.602 mm

£l
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recorded in the earlier cited work., This difference in findings
Eetweeﬁ'the present study in'having a total of 14 instars in
contrast to 13 réoorded in the earlier work can be attribqted
t0 nay of the environmental factors aitbough trophie factors
are betterrknown to influence the growth and maxigmh size of
Cladocera {(Axelson 1961, Tomolli 1961,'Wiktor 1961, 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 Daphnia Ilumholtzi

female was 32,30 days, for Simocephalus exspinosus a total

40,61 days, in Moina micrura, 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).
1t will be seen from the table that while works were conducted
at & higher temperature range of 28°to 31°C, the present
studies were dane at 18° to 26°C. Thus the relatively longer
life span of the species recorded in this studies are indioca-
tions of a slower rate of growth, probably brought about.due
to differences in temperature regimes referred to above, Such
slov rates of growth in Cladocera due.to temperature differences
have already been reported (Anderson et al 1937, McArther and
Baillie 1929, 1929a, Edmondson 1960, Hall 1964, Weglenska 1971,
Bottrell 1974, Vijverberg 1976). As pointed out earlier, onme
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another important factor lnown to effect the biplogy of
Cladocera is food (Green 1956,1Qeg1enska 1971, Vijverberg
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 atl lower concemtrations
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
cogld have played a role in the control of life span duration,

although no direct evidence is afforded,

Among the f our species studied at present, it was seen
that the duration of instar varied considerably.(Figs. 53, 58,
61 and 64), In all the four species, durations of preadult
instars were always shorter than those of the adult instars,
Purther, the first adult instar was distinctive by being
longer than the preadult instars in all the species, Once again,
all adult instars were of longer duration than eny of the
preadult instars,-A closely similar condition was reported in

Daphnia carinata (Navaneethakrishnan and Michael 1971) and
Simocephalus acutirostrauts (Murugan and Sivaramekrishnan
1973). In this context 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 al 1937,
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Ingle et al 1937, Anderson and Jenkins 1942). Yet in certain
species like Ceriodaphnie cormuta, Socapholeberis kingi and

the moinid, Moina micrura, the preadult and adult instars
were reported 1o be of equal duration (Murugan 1975, 1975a,
Murugan and Sivaramskrishnan 1976). While attempting to
explain these different patterms of preadult and adult instax
durations, Murugan (1975) differentiated two categories of
daphnids ® (i) one with uniform duration of preadult and adult
instars and the other (ii) with distinectly longer adult instars,.
Based on this, the two daphnids under the present study

]

Daphnia lumholtzi and Simocephalus exspinosus will fall under

the second category. It may, however, be added that the present
findings on instar durations of the moinid, Moina micrura

are not éimilar t0 the earlier report on the same species by
Murugan (1975) who observed an uniform duration of all the
instars,:

The total mumber of eggs preduced during the life span
of the two daphnids, Daphnia lumholtzi and Simocephalus

exspinosus were 51.09 and 253,88 eggs respectively. In Moina
micrura total egg number was 55,04 while the chydorid, Alonella
g§£;§g produced 46.96 eggs in its entire life time. In Rable~87
feoun@ity of these fouy 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 lumholtzi , Simocephalus
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emgpinosus, Moina miorursa and Alonella excisa respectively.

Thus S.exspinosug appear t0 be the most productive (21.16)
wvhile the chydorid Alonella excisa produced the smallest
brood size ( 1.81). It can further be seen that most daphnida
certainly had a larger brood size than those of chydorids

or the moinid. Thus while the fecundity in the non-chydorid

Cladocera appears to be variable, the apparent constancy
of the bvored size in the majority of the chydorid Cladocera
needs further resolution. Moreover, as pointed out in the
context of growth, fecundity in Cladocera is also much
dependant on the quantity and quality of food (Hrbackova=-
Esslova 1962, Hall st al 1970, Arnold 1971, Weglemska 1971)
as well on temperature, Fox gt al 1951, MocArther and
Baillie 1929, Green 1966, Navaneethakrishnan and Michael
1971, Murugan and Sivaramekrishnan 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
Daphnia schodleri, mothers with smaller initial size tend

10 become mature at a later instar and also produce lesser

number of eggse

In Figs. 53 and 58 the eggs produced per brood have
been plotted against the number of instars of Daphnia
Junmholtzi and Simocephalus exspinosug.It is apparent from

. figures that both these species showed two distinot maxima ix
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the nmumber of eggs produced indicative of a -bimodal nature,
In D. lumholtzi 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.exspinosus the two maxima were at the

6th and 1ch 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 et al 1937), Dephnia magna (Ingle et 2l

1937), Simocephalus acutirostratus (Murugan and Sivaramakrish-

nan 1973) and Scapholeberis kingi (Murugan and Sivaramakrishnan

1976). These above findings are, however, in contrast to the

observations made on Daphnia carinata (Navaneethakrishnan and

Michael 1971) where only a single mode was noted,

Moina micrura and Alonella excisa exhibited a

different pattern in egg production (Figs.61 and 64). M.
nicrura showed a single mode with the maximum numbexr of eggs

at the 7th instar which gradually decreased to reach the lowest
value at the last instar (14th instar), though Murugan (1975)=
found the same moinid species showing a slight indication of
bimodality. On the other hand, Alonella excisa showed a very
different egg production curve (Fig;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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vere non-egg bearing in this species, It i1s well kmown that
chydorids from field populations are often found to have empiy
brood pouches. This phenomenon was also noted in the preseni

laboratory culture of Alonella excisa vhich was responsible

for the depressions in the mean egg production vaiues, It was
even observed that several mothers wnderwent moulting without
producing eggs for one or more inétars and again resumed

normal production of two eggs per brood. These 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 deys,. It has been observed that both Daphnia lumholtzi

and Alonella excisa did not produce any egg during the last

instars, The same was the case in Ceriodaphnia cormuta,

Scapholeberis kingd 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 pointea oﬁt
earlier (Slobodkin 1954). Thus the foregoing discussions point
out the difficulties to generalise the nature of egg production
in Cladocera since fecundity in Cladocera is known to be
influenced by a number of factors like food (Marshall and Orr
1952, Comita and Anderson 1959, Edmondson et al 1962,
Edmondson 1962, Hall 1964), temperature (McAr‘bher and Baillie
1929, Anderson et al 1937, Navaneethekrishnan and Michael 1971,
Lei and Clifford 1974), ox¥gen concentration (Green 1956),
photoperiod (Shan 1969, 1974), anﬁ culture medium (Green 1956,
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Vijverberg 1976).

Pigs., 54, 59, 62 and 65 show the rate of egg produc-
tion in the different species as caloulated by plotting the
cumilative frequency of eggs against the numbey of adult
instars. In Table~88 a comparison of the rates of egg produc~
tion in the present species has been made with those af the
other species reported from India, Of the two daphnid species
in the present siudy, Simocephalus exspinosus showed a higher

rate of egg production (a2 = 1,5883) while Daphnia lumholtzi

had 1.0396 as the a value, which reflects a comparatively
lower rate of egg production. Moina micrura, on the other hang,

showed a slightly higher g value of 1.1645 while Alonella

excisa had the lowest production rate of a = 0,9814 (Table-§8).
Thus it is apparent that Simocephalus exspinosus of the

present inyestigations was the second highest productive

cladoceran in terms of fecundity, while Daphnia carinata

(Navaneethakrishnan and Michael 1971) is the most productive

among the Indian cladocerans so far studied. Moina micrura

in the present study was found to be comparatively more
productive than the report given for the same species from

the plains of India (Murugan 1975). Daphnia lumholtzi on the

other hand appears to be the 1éast productive (a =1.0396)
among all the daphnids so far reported from India. The chydorid

species, Alonella excisa has, however, a much lower rate
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(a = 0:9814) vhich in turn is reflective of the lower number
of eggs produced by chydorids in general. Thus the higher rate
of egg production in Simocephalus exspinosusg 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 migrura were found to be of

limited density as also seen from field collections (¥ide infra,
Part-I1),

The 1life cycle of the males of Daphnia lumholtzi

showed certain degree of similarity with that of females in
the general patterm of growth, although it had only 12 instars
with a total life span of 25,35 days (Table-81,Fig.55).Maximal
groWwth in the male was seen between the 7th and 8th imstars
unlike the female in which the maximum growih 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

1life history of male daphnids, The first detailed study was

on the male of Daphnia magna (McArther and Baillie 1929)

which dealt with a comparative 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) who dealt with the detailed biology of
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the males and females of Daphnia schgdleri. Results obtained

from the growth pattern of the present males show general
conformity with that of males of Daphnia schgdleri (loe. cit.),
although differences do exist in other parameters. Thus in

the present study a total of 12 instars were tecorded for
Daphnia lumholtzi at a temperature range of 22° - 26°C, while

in Daphnia schgdleri the number of total instars were 18 or

more at 25°C, Further, the maximum length inorement observed
between the 7th and 8th instars in the present species does
not find a parallel with that of D. schgdleri where the
maximal growth was confined only to the earlier instars. In
this context it may be suggested that only detailed studies on
the males of more number of species will help éorting 6ut

such discrepancies. In conclution, it may be added that the

present findings on the life 'cycle of the male of Daphnia

lumholtzi is of significance being the first detailed Indian
study on the males of daphnids,,



PART=-III

SUMMARY
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Results onkthe laboratory life cyocle studies of the
parthenogenetic females of the daphnids, Daphnia lumholtzi
and Simocephalus exspinosus , the moinid, Moina micrura

and the chydorid, Alonella excisa have been presented and

discussed, Also results on the studies of the male Daphnia
Jumholtzi have been documented., The presemnt report on the
males of Daphnia and on the life cycle of chydorid, Alonella
excisa are the first detailed accounts from India on the
male daphnids and as well on Indian chydorids. Data on the
present investigations on the cladoceran life cycles have

been compared with other earliier findings.

Growth curves of all species mentioned above wvere

somewhat similar and comparable to those of other Indian

gtudies. 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
Jumholtzi on the other hand, increment in length continued
till the last instar though at a slower rate during the
later instars. Such continmuous growth is in conformity
with other Indian reports. Meximum relative increase in

size was between the preadolescent 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,

Tumber of preadult instars showed variations between
the Qifferenx species. In Daphnia lumholtzi number of preadult
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instars varied between 4 to 5, while in Simocephalus
exspinosus the preadult instars were always 4 in number,

Both in the moinid and the chydorid species preadult
instars were 2, The number of adult instars also differed
in different species with the chydorid Alonella excisa
showing the highest number,., The male of D.lumholtzil had

the lowest number of instars,

Among the five life cycles reported here, the total
life span was found to be highest in the ohydbrid in
comparison to the daphnid or the moinid species. Duration
of first adﬁlt instar was more than that of preadult instars
in all studied species. In Moina micrura 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 sige

was distinctly more in the daphnid Simocephalus exspinosus

wnile the lowest value was recorded in the chydorid species,
Alone}la gggigg. A distinct bimodality was noted in the
daphnid species while the nature of egg production was
dfffe%ent in the moinid and the chydorid species. In
Alonei;angggggg some animals were observed to pass through
one to few moults without any eggs while resuming normal
production of 2 eggs/brood. The rate of egg production was

highest in -8imocephalus exspinosus which is also the second
highest value among the cladoceran species observed so far
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under Indian conditions, although the value recorded for
Alanelle excisa is the lowest among the knownIndian records.

I

Findings on the life cycle of the male of Daphnia
lumholtzi was in general similar to the female 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 differemt life oycle parameters of
the species studied, This discussion also deals with
comparison of the present findings with those of earlier

reports from India and elsevhere,:



GENERAL _CONCLUSION
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The 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 Cladocera from 29 artificial impoundments
located at an altitude of 1600 m thus adds 9 more species
10 the earliexr repoxrt of 14 species from Shillong area.

-

) Attempts 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 promimity of the surveyed
impoundments with more or less similar physicochemical
properties, However, species diversity appears to be
positively correlated with increasing size of the habitats.
In the present study the incidence of more number of
chydorid taxa evidently reflects their successful
adjustments to a variety of habitats. The members of
Daphnidae which were the second dominant group in the
Shillong aresa, were mostly represented by littoral species
obviously adapted to the shallow nature of these gystems
which practically have no limnetic zone. Among the daphnid
species, the ubiquitous occurrence of Scapholeberis kingi
in most of the systems could be attributed to less
competition encountered by them due io the unique niche
they occupy in the surface film, The only bosminid species,
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Bosmina longirostris appearcd in mostly during winter
mnonths evidently showing its preference for loweyx
temperature, although its appearence and population
density coincided to some extent with the artifiocial
fertilisation of the ponds, reflective of its preference

for enriched waterbodies,

Cortain of the species during the present
investigations appeared throughout the anmial cyocle,
though fevw others were yrestriocted in distribution which
obviously refleect their intrinsic adaptive abilities. It
vwas also seen that same species exhibited differences idn
mmerical density in different sampling stations, vhich g
thought to be controlled by regulative factors such as
nature of the substratum, kind of vegetation present and
level of food supply, and possidbly the much stressed
predation faotors

Population analysis of seleo&ed cladogceran specics
has proved conclusively that the proportions of juveniles,
egg bearing and non egg bearing fomales seemed to bo
botter indiess of the aotual density of £ield populations
rather than the sige-olass distributionﬁwhidh is partiocularly
true of Chydoridac. In dephnids, larger brood size was
apparently indicative of favourable environmental conditions
vhile the ocourrence of sexual females without the presence
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of males corroborated earlier findings.

A comparison of the oladoceran species studied
under £ield and laboratory conditions showed better growth
and larger brood size in the latter case. It is quite
possible that such favou;'ablé growth and reproduction of
the laboratory populations are mainly the result of lack
of any cempetition due to rearing of animels individually.

Observations on the life cyole pattexrn of the |
male daphnid, Daphnia lumholtsi, show much resemblance to
that of the female in general details. The present £indings
on the life cyocle of the chydorid, Alcnella excisa was
found to be closely similar to the findings on gleﬁrmg
denticulatus which lend support to the view that chydorids
in general have similar nfe oyole pattern,

In the context of attempts te mass culture of
Cladocera with a view t0 use them ag fish food organisms,
Simogephalus exspinosug seems to be the most ideal species
for this purpose as it showed the highest rate of eags o
production as well as remarkable adaptablility to culture
conditionss

In conclusion it may be added that the presemt
studies on the various biologiocal aspects of these
cladocerans have raised a vas¢ number of quarried which



398

need 4o be answered, These studies, ingpite of being one
of the few detailed works under Indian conditions, appear
to have hardly resolved the intriocate relationships of
these organisms with reference to their environmental
requirements, Hovever, the present work has yielded certain
fundamental information on the species composition,
geasonal distribution, population structure and density

of different species under the present altitudinal
canditionss It is hoped that the above data will form the
bazis for more intensive studies in the years to ocome,
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