OCCASIONAL PAPER NO. 146

Records of the
Zoological Survey of India

Ecology of Chironomidae from North East Hills of India

J.R.B. Alfred
Zoological Survey of India, Shillong

and

M. Dassgupta
North Eastern Hill University, Shillong

Zoological Survey of India



RECORDS
OF
THE ZOOLOGICAL SURVEY OF INDIA

Occasional Paper No. 146

Ecology of Chironomidae from North East Hills of India

By
J.R.B. ALFRED
Zoological Survey of India, Shillong
and

M. DASS GUPTA
North Eastern Hill University, Shillong

Edited by
the Director, Zoological Survey of India

ZOOLOGICAL SURVEY OF INDIA
1992



© Copyright, 1992 Government of India

Published : Scptember, 1992

Price
Indian : Rs. 110.00
Forcign : § 9.00 £ 6.00

. Published by
The Dircctor, Zoological Survey of India, Calculta

Laser set by Neatpoint Photocomposers, 6A Sudder Strect, Calcutta 700 016
and printed by Independent Printers, Calcutta 700 026



RECORDS
OF
THE ZOOLOGICAL SURVEY OF INDIA

OCCASIONAL PAPER

No. 146 1992 Pages 1-99
INTRODUCTION 1
REVIEW OF LITERATURE 2
BACKGROUND OF THE STUDY REGION 7
STUDY SITE AND SAMPLING STATIONS 11
MATERIALS AND METHODS 16
RESULTS :

i)  Larval Taxonomy 18

it)  Population dynamics :

a) Lecntic systems 31
b) Lotic systcms 35
iii)  Physico-chemical Factors :
a) Lentic systems 42
b) Lotic sysicms 47
iv)  Age-Class Distribution 56
v)  Emcrgence studics 61
DISCUSSION :
i) Lentic systecms 62
ii)  Lotic systcms 68
GENERAL DISCUSSION 78

REFERENCES 79




SUMMARY

The family Chironomidac arc insects which constitulc an obscurc group of the Order Diptera. Their
larvae are always aquatic and form a major portien of the benthic fauna in most freshwaters. The
distribution of Chironomid larvac in thc benthos reveal that their biomass production would be an
important part of the freshwater system. Moreover, that fish subist on Chironomid larvae in large
numbers is a well known fact, and pisciculturists oficn use them as food, knowing that these larvae
form a trophic level capable of converting vegetable detritus and other organic matcrial into a form
uscful for other consumers. The Chironomid larvae were specially taken up for this study because of
their widcspread distribution in lakes and rivers of varying quality and their marked habitat preference
to exibit a wide range of tolcrance to cnvironmental [actors and ar¢ ablc to live in “clean” and
“polluted” waters. The Family Chironomidac though ubiquitous in naturc and a large number of
specics have been identified, yet very little work has becn done on its larval taxonomy or its ccology,
and particularly so from N.E. India. Two major study sitcs were chosen from the State of Mcghalaya.
In East Khasi Hills around the vicinity of Shillong the lotic sysicims were choscn, while the lentic
systecms were in Garo Hills. The two lentic systems were the Tasck Lake and the Chitmareng Lake.
At Tasck Lake three stations were choscen, two littoral and one profundal, while only one littoral zone
was choscn at Chitmareng, as the lake was much smallcr and shallower than the Tasck Lake. Both the
lakes were of tectonic origin. The two lotic systems undertaken for the present study were two hill
strcams — Umkrah and Umshripi, both originating at about an altitude of about 2000 m. They flow
down to join the Umiam river which itself is situated at an altitude of 1050 m. In fact these two hill
strcams are the only important freshwalcr lotic sysicms in that area and they are perennial. Both
streams flow through rcscrve [orests in its upper reaches and cascades down along urban settlements
rcceiving household and municipal wasltcs belore joining the main river. Five sampling stations were
chosen in each lotic system cnabling a represcntative of all habitat types prevalent in these streams.

Population analysis of the larvac werc carried out in both the lotic and lentic systems.
Simultancously the physico-chemical paramcters were also studicd. All larvae collected have been
identificd upto generic levels and their keys, diagnostic characters and drawings provided. The prescnt
investigation revealed maximum densitics of 1500 larvac/m? in the lentic systems. Six gencra being
present offered a greater varicty of these organisms in these systems of Ientic water bodices. In contrast
the lotic systems revealed a lesscr diversity and a dilfcrent composition. Freshwaters in these regions
of N.E. India tend to be acidic, and harbour not many benthic organisms. In view of the wide tolcrance
of the Chironomid larvac considerable plasticity in the life cycle was secn, as reflected in the annual
overwintering instars during the course of this investigation. Only onc or two gencera revealed mass
occurrences in some localitics, and cven those which occurred along with them were characterised
scasonally. From the present investigation it was obscrved that though individual gencra were useful
as index organisms, it was the asscmblage of taxa which werc of grcater value. Subfamilics
Tanypodinac and Orthocladiinac represented larger portions of the population at clcaner sites, indicative
of highcr oxygen and lower carbondioxide and alkalinity levels. On the other hand there were wide
divergence of tolerance and the genus Chironomus being most conspicuous in that it was available
in most of the sites. The analysis of occurrence and abundance data indicated that virtually the same
cnvironmental factors which alfect one population affects the others, cmphasising their potential
importance as agents of natural sclection. In the present investigation pH, chemical composition of
the water and its solutc concentrations appcarcd to be morc important in restricting larvae in certain
placcs, while mud sustratum in restricting other larvae and finally oxygen and depth playing a major
role in the restriction of larvac belonging to the genus Chironomus.



INTRODUCTION

The present investigation was undertaken with a view to identifying the ecological characteristics
of some watcr bodics in the regions of North Eastern India. As work has cither been completed or is
in progress in the lotic and lentic systems by various workers of the North-Eastern Hill University,
Shillong, it was thought best to take up the benthic group of organisms, and in particular the family
Chironomidac, to fill in thosc gaps which were necded for a total understanding of the limnology of
the region.

The family Chironomidac arc insccts which constitute an obscure group of the order Diptera. On
account of thcir small sizc and inoffcnsive habits they have largely escaped notice, except when they
have been mistaken as mosquitocs, whom they resemble only in their general appearances. In fact,
Chironomid adults arc rcferred to as “blind mosquitoes” - an ctymological catastrophe since they are
ncither “blind” nor “mosquitocs” (Beck, 1976). These adults are often scen on moist cvenings, flying
in dense swarms ncar the ground, over the sidcwalks, undcr trces or lamp posts by the road side and it
is in this brief period of their existence of five to ten days that they are most familiar to the general
public. In fact, though any minute (ly is relfcrred to as a midge, the adults of this family of
Chironomidae arc the truc midges. Hence, they are also referred (o as “midges™ or “non-biting midges”
forming an exccedingly complex family of more than 3,000 species of worldwide distribution. Their
ubiquitous naturc of occupying any benthic community is known from the polar rcgions to the
tropics.

The family can be distinguished from others under Diptera, in that, they are delicate gnat-like flies,
-with thc antcnna conspicuously plumose in thc male and pilosc in the fcmale. The head is small and
often conccaled by the thorax with the occlli absent. The mouth parts of these adults are poorly
dcveloped. The characteristic fecature is the clongated forelegs with the anterior wing veins more
strongly markecd than the posterior. Though they bear a general rescmblance to the family Culicidae,
they arc distinguished mostly by their unscaled wings.

The adults of ccrtain specics have become a problem in certain arcas. Though they do not scem to
bite or carry discascs, at limes ecmergc in tremendous numbers and get attracted to light, congregating
at the lightcd windows, when many die and pile on ledges giving off a very offcnsive odour. In fact,
there arc records where dead midges have been littered on the road or bridges and these highways were
temporarily closcd as they were too slippery for safc driving (Beck and Beck, 1969). Such emerging
adults after mating, lay cggs in all aquatic biotopes throughout the world.

The larvac that hatch out in the aquatic systcms form a significant portion of the macro-
invertebrate fauna in frcshwaicr habitats. The larvace are referred to as “legless diptera” and “blood-
worms”. The formcr is attributcd to the prescnce of vestigeal prolegs and the latter due to the roughly
vermiform shapc and red colour in particular to the hacmoglobin bearing gencra. The larvac arc always
aquatic and usually live in burrows or tubcs which they construct, by fastening together the debris or
the detritus with the silk sccreted from their salivary glands. Very often they make up one fourth to
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one third of all inscct specics found cspecially in lotic systems. They form an important link in the
food chain between algac and the macroinvertebrales and that of the larger macroinvertcbrates and fish.

The general adaptability of Chironomid larvac to all sorts of aquatic habitats is amazing and
unparallclicd among the insccts. The distribution of Chironomid larvac in the benthic (auna of water
bodics rcveals that, their biomass production would, be an important part of the cxamination of most
of the freshwater sysicms. Morcover, that fish subsist on Chironomid larvae in great numbers
revealing a direct relationship on their growth rate, exist in various publishcd works. Hercin lics the
chicf interest from the pisciculture point of vicw, that, as food for fish these form a trophic lcvel
capablc of converting vcgetable detritus and other organic matcrial into a form uscful for other
consumers.

In addiuon to their usclulness as such, biologists investigating strcams and lakes have found that
midge larvac of certain gencra and specics live with other communitics of macroinvertcbrates
associatcd with pollution and form an important constituent in ticchwaler ccosystems rccciving
organic cnrichment (Brundin, 1949; Thicncmann, 1954 Gayfin 1958; Hyncs, 1960; Curry, 1965;
Carr and Hiltuncn, 1965; Lcarncr and Edwards, 1966; Davics, 1971; Wilhm, 1975; and Sacther,
1979). The Chironomid larvac were specially lavoured lor study, becausce of their widespread
distribution in lakes and rivers of varying quality and their marked habitat preference to exhibit a wide
rangc of tolcrancc to cnvironmental factors and live in both ‘clcan’ and ‘polluted’ walcrs.

In view of such cconomic importance of the group, cither as indicators of pollution or as fish
food, and as in somc parts of the world for the control of adults, the necd for a thorough study of these
organisms cannot be overemphasized. In particular, classification of watcr bodics sccks to identify the
main types of individual, manilold and highly complex biotopes and to characicrize these on a casual
basis. Sincc many problecms on limnology arc dircctly or indircctly connccted in this way, these
classifications can be rcgarded as catalysts, joining and comparing diflcrent branches of limnology
which, hopc(ully, will Icad to a better definition of problems and throw some light on the problems
of the diffcrent biotopes. It was for these reasons that Chironomids were particularly chosen as they
play a dominant rolc in both lotic and lentic sysicms giving information which is not obtainable by
other means. The different freshwater systems, list of members of indicative communitics, their
intricate rclationships between themselves and the cnvironment, helps in this cvaluation, and the
occurrence of certain specics in certain quantitics, points at normal or abnormal characieristics of that
particalar biotope. The precondition for improvement of thesc trophic systems, is 1o obtain a better
ccological knowlcdge ol the members of the different communitics as well as detailed work on their
taxonomy and zoogcography.

REVIEW OF LITERATURE

The family Chironomidac though ubiquitous in nature and a large number of specics have been
identificd throughout the world, yct very little work has been done in India on cither its taxonomy or
ccology. Not only arc the descriptions of the various specics of this family not available, but ¢cven a
comparative study on the present status docs not exist. A nced was, therelore, felt to put together a
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comprchensive review of existing litcrature in the world so as to form a basis, in addition to the ones
available from India.

For thc Family Chironomidac, onc could go as far back as thc works of Mcigen (1800, 1803),
since Opinion 152 of the International Commission of Zoological Nomcnclature gives priority o the
names uscd by Mcigen (1800). The most periinent taxonomical and ecological works for
Chironomidac werc done by workers of the United States of Amcrica, likc Johannscen (1905, 1938),
Malloch (1915), Muttkowski (1918), Richardson (1921, 1925) and Lindcman (1942). The tribe then
known as Tendipedini was worked out in greater detail by Townes (1945) who raised many {ormer
subgenera to genus rank. Simultancously Florida Chrionomidac was worked out cxtensively by
Mitchell and Ensign (1928), Rogers (1933), Cooke (1939), Carr (1940), Hobbs (1942), and Berner
(1950). It was Sublcute (1955, 1957) who worked in dctail North American Chironomidae and
provided a list of synonims. The taxa of Freceman (1955, 1956, 1957, 1958, and 1961) have largely
been followed by Dendy and Sublctic (1959), which culminated in the firm foundation of the
systematics of North Amcrican Chironomidac by Sublctic (1964). Around the samc timc Beck and
Beck (1959), dealing with the habits and habitats of these groups of insects worked out, in detail,
ncarly all the specics for Florida (Beck and Beck, 1966). In the review of Californian Chironomidac by
Wirth and Stonc (1956), only Clunionac and Tendipedinac (Wirth, 1949) have been cxtcnsively
studicd. In addition to the adequate, trcatment of Chironomid specics of Northern Mcexico by Sublctte
and Sublcute (1965), a detailed study of all type spccimens at the National Muscum of America and
Canada havc been described (Sublette, 1960, 1964a, 1964b, 1966a, 1966b, 1967a and 1967b). Mc
Alpinc (1964) and Oliver (1963, 1964) have donc an in dcpth study of thosc spccics found in the
Northern Archipeclago of Canada. Since then, a number of papers have been published on the
occurrence, the record ol specics and the description of new specics all over the United States and
Canada. Of these, the works of Hensen and Cooke (1976), and in particular, thc complcte description
of the Coclotanypodinac of the North Eastern U.S.A. with kcys by Bocsel (1974), stand out as major
taxonomic contributions.

The knowlcedge ol Chironomids of the West Indics is rather (ragimentary, consisting of the limited
rcports in papers by Williston (1896), Coquillet (1900), Picado (1913), Gerry (1932, 1933),
Johannscn (1938), Millcr (1971), Subletic and Wirth (1972) and Harrison and Rankin (1975, 1976b).

As far as thc European litcrature was concerned, the confusion began with the comparison of the
original works of Mcigen. This necessitated a greal revision and hence those of Harnisch (1923),
Edwards (1929), Gocetghcbuer (1937) and Lenz (1941) could be called the carlicst European litcrature
available on this Family Chironomidac. Since then, the works of Brundin (1949), stand out as major
contributions of this family, who also gave a pioncering idca of the status of this group of insccts,
especially in Northern Europe. Around ghe carly (ifty’s, German contributions came from the works of
Thicncmann (1950a, 1950b, and 1954). It was here that the sysiematics of the family was given a
firmer foundation, as a stress was put on all the three stages of the life history of this family by
Thicnemann [or a total understanding ol their taxonomy. In 1956, Brundin clarified the status and
position of Orthocladiinac, and a similar analysis of the group Tanypodinac was done in greater detail
by Fiukau (1962). Around the same time from Finland, both from forest laplands, (Hirvenoja 1960,
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1962a, 1962b, 1962c, 1963 and 1973; Lindcberg 1963, 1967) and the geographical variations in
Finnish Chironomids were cxamincd and shown in dctail by Wulker (1956), Oliver (1959), Strenzke
(1960), Lindcberg (1963, 1967, 1968), Koshkinen (1968), Olander and Palmen (1968). The variation
of different characters within Chironomid populations in Europe has been studicd in detail by Palmen
(1960), Lindcberg (1963, 1967), Reiss (1965), Botnariuc and Albu (1968), Botnariuc ef al. (1969),
Schlee (1968) and Cranston (i974). The lacustrine fauna of Europcan Alps, with a dctailed study of
Chironomidac on the threc life istory stages as originatcd by Thicnemann was completed by Reiss
(1968) and Fittkau (1968). Sincc then, European workers have worked out in detail the general status
of the genus o1 the concept of the genus within the family Chironomidac and also the aspect of
characterizaticn and dclimitation of Chironomid genera (Beck and Beck, 1968; Fittkau, 1968; Sacther,
1971 and Lindcberg, 1971). Though many works do cxist on Chironomidae in USSR, a review of the
Sovict litcraturc on Chironomidac by Konstantinov (1971) is the only onc rclevant, as most works
exist in the Russian language.

The major contribution from South Amcrican Chironomidac have been done in detail, though
confined only to thc Amazonian basin, by Fittkau and Rciss (1973). It is here that for the first time
the status of South American Chironomid [auna have been outlined and stress laid on the diversity of
species in that arca.

Though Kicflcr’s (1908-1924) could be called the carlicst work on African Chironomids, the real
foundation was laid by Frceman (1955, 1956, 1957, 1958) as rcvecaled by the monographic serics on
African Chironomidac. However, a comprehensive bibliography of the Chironomids of Africa and the
adjaccnt islands has been brought out by Davies and Davies (1976, 1978). A considerable data on the
geographical distribution of the Chironomidae from the Ethiopian rcgion could be obtained from the
rcport of Dcjoux (1976).

In addition to Frecman’s carlicr work on African Chironomidae thc only work from Australia could
be traced to Freeman (1961).

In the far cast, taxonomic work on this group of insects has been done by Tokunaga (1940). He
has also rcvicwed his own work along modern lincs (Tokunaga, 1964). All these materials that have
been worked out were based on the collcctions of Professor T. Esaki’s microncsian Expeditions (1936~
1940). Of the South Asian Diptera described in Van der Wulp (1896) cataloguc with 2889 species,
only 18 belong Lo Chironomidac and threc more were subscquently added by Brunetti in 1910.

The collections by Thicnemann (1930) and his associates during the German Limnological Sunda
Expcdition (1928-1929), was workcd out by Johannsen (1931, 1932, 1932a), who [ormulated keys for
cach sub-family, genus and specics. Many of Kicffcr’s specics of the Oriental region have been partly
reviscd and raiscd (o the rank of genus (Kielfer, 1921b).

The Chironomidac fauna of Afghanistan is as yct very little known. Tokunaga (1966) rcported
twelve specics from that territory, describing them on the basis of adults. Hirvenoja (1973) described
thrce specics, and Lehmann (1969) onc species, while Reiss (1968a, 1969) described some new
specics from Nepal. Loffler (1969) reported several kinds of Chironomidac on the basis of larvae from
Nepal. Further, four new specics from Nepal were described by Murray (1976).
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Kiclfer’s (1910-1914) work on Indian Chironomidac were mostly from materials collected from
Calcutta, Assam, Darjecling and Simla hills and described on the basis of colour characteristics of
adults (Kicffer, 1911). An cxicnsive manuscript (Kiclfer, 1911a) on the species from Assam and
Himalayas followed, in addition to the information given in part earlier. While working on Ceylon
Chironomidac, Kicffer (1913) addcd his contributions on further collections from India which included
specics from North-East, the East and South-West coasts. The type collections in the Museum of the
Zoological Survey of India, Calcutta, was finalizcd by Kicffer in 1914, It was Bruncuti (1920) who
compilcd Kiclfer’s work in a cataloguc on Oricntal and South-Asiatic Nemocera.

Since then, except for sporadic reports on the occurrence and description of new specics, nothing
substantial has been added to Indian Chironomidac. Further, many of Kicffer’s type specics were lost
in firc during 1956, when they were at the Hungarian National Muscum and the movement between
Varanasi and Calcutta during the great [loods of West Bengal has destroyed many morc. An updating
of thc work o put Indian Chironomids on thc modern taxonomical linc is alrcady undcrway (Alfred
and Choudhury, in preparation).

Work on the family Chironomidac by Indian workers have been very meagre and those that exist
arc mostly during the last dccade with onc or two papers published carlicr. One of the carliest of such
taxonomical descriptions was donc by Singh (1958, 1968) on a collection from the Westcrn
Himalayas. Kaul (1970) rccorded two new Diamesinac again from North-West Himalayas. A detailed
description on the systcmatics of adults, pupac and larvac at morphological, cytological and
biochcmical, along with the larval ccology and {ceding habits have been done on five species of
Chironomidac from 12 lotic systems in South India (Alfrcd 1973a, 1974). In addition genctic
descriptions of larvac were also given (Alfred, 1973b). Thercafter, Singh and Kulshrestha (1975, 1976,
1977) rcported ncw specics from Agra of the sub-family Chironominae.

The only group of Chironomid workers who have donc detailed sysiematics on the family
Chironomidac in gencral and the sub-family Orthocladiinae in particular were Choudhury and his
students from the University of Burdwan. Of these, on Orthocladiinac both [rom Burdwan and the
collcction at the Z.S.1. muscum, Calcutia, have been described in detail by Sinharay et al. (1978),
Choudhury and Nandi (1979) and Choudhury and Ghosh (1980). In addition thc same group of workers
have given detailed descriptions of the adults of the sub-family Chironominae (Guha and Choudhury,
1979; Sinharay and Choudhury, 1979; Choudhury et al., 1981; Guha and Choudhury, 1981a, 1981b
and Choudhury and Ghosh, 1981).

In addition to the forcgoing litcrature revicw on Chironomid taxonomy from diffcrent countries,
workers on this group of insccts have come together and shared idcas in symposium and workshops
cxclusively on Chironomidac. The latcst compilation of such works, cntitled “Recent developments in
Chironomid Studics” (Diptera, Chironomidac), has been done by Sacther (1979), based on a workshop
conducicd in Winnipeg, Canada.

The forcgoing review of literature though is inclusive of the habitats of the different species of
Chironcmidac, it primarily deals with the taxonomy, systematics, and status of this family of insccts.
Howevcr, the importance of Chironomids as a group, favourcd [or study, was duc to their ccological
behaviour, in particular as indicators of pollution in aquatic systcms. Morcovcr, gcographically these
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insects are worldwidc in distribution from the high arctic and alpinc to subtropical and tropical rcgions
inhabiling all forms of aquatic systcms. Further, the adult taxonomy is morc cstablished than larval
taxonomy. Howevcr, as far as this family’s ccology is conccrned, the work on larvae is more than on
the adults.

Hence a revicw on the larval ccological status is in particular more appropriate for the present
investigation. Since time immemorial the larvac of this family have been utilized to classify lakes
according to their composition and abundance, in rclation to the dissolved oxygen conccentration,
trophic status and other abiotic factors (Thicncmann, 1914, 1915, 1918, 1921, 1922, 1925;
Lundbeck, 1926; Valle, 1927; Lenz, 1925, 1928a; Crisp and Gledhill, 1970; Pctr, 1970b; Saethcr,
1980 and Williams, 1980). This work though continucd for somctime, ycl subscquent authors
confincd their studics to the distribution of the Chironomid larvac, within particular water bodics
(Thicnemann, 1954; Bardach, 1955; Curry, 1956; Mundic, 1987; Slack, 1965; Hilscnhoff, 1967;
Jonasson, 1971; Laville, 1971; Hunt and Joncs, 1972; Morgan, 1972; Maitland et al., 1972; Sacther
and Mclean, 1972; Sacther, 1970, 1973; Pctr, 1972, 1974; Charles et al., 1974; Maitland and
Hudspith, 1974; Bolu and Allanson, 1975; Cowcll and Carrcw, 1977; Ali and Mulla, 1979; Moore,
1979; Johannscn, 1970; Hilburn, 1980).

All thesc Icd to the confirmation of the work on the relationship of Chironomids with respect to
lake typology as identificd by Brundin as carly as 1949. These works also helped in the identification
of concentration zoncs, which shift with scasons, cnabling population density to fluctuate from
littoral to profundal zoncs (Brinkhurst, 1974).

The possible mechanisms and rcasons for population density [luctuations were also identificd.
Somc suggest differential mortality in response to scasons and its changes (Borutsky, 1939;
Lindeman, 1942; Lcllak, 1953a, 1953b; Kajak, 1958; Kajak and Dusoge, 1967). Othcrs, whilc not
ncgating the above phenomenon, howcever, were of the opinion that the major causc was larval
migrations to better habitats (Hruska, 1961; Barthelines, 1962a and Kajak, 1964). The latter gained
support by studics which showcd the hastening of the process of development followed by carlicr
cmergence, as attributes for the movements of populations of Chironomidac (Andcrson, 1946;
Dugdale, 1955; Flint, 1979). Howcever, temperature has been demonstrated as having no clfect on
larval distribution (Lufcrov, 1969). In any casc migration ol larval Chironomidac is well cstablished
by subscquent works causing the fluctuation in their densitics both in lakes and rivers (Thut, 1969;
Marks and Henderson, 1970; lovino and Minar, 1970; Aldoori, 1972; Brinkhurst, 1974). This is
undcrstandable as the ability of larval Chironomidac to exploit new habitats and cnable rapid
colonization and succession is a basic nature of this group (Nursall, 1952; Andcrson et al., 1964;
Aggus, 1971; McLachlan, 1974b, 1974c; Pcur, 1975; Bolu, 1975; Ramcharan and Patcrson, 1978).
Such mcchanisms arc obscrved more clecarly in running walcr systems where cven a complele
rccolonization ol a strcam could be aided by larval migration and by drift of the carlicr instars
(Harrison, 1966a, 1966b; Thorup, 1970; Mason et al., 1970, 1971, and Hynes, 1975). Population
Muctuations arc also attributed to the risc and [all ol the water level and increasc in population have
been seen in rising walter columns of aquatic habitats where these benthic organisms live (Kajak,
1958a; Hyncs, 1961; Thomas, 1966; McLachlan, 1968, 1970¢ and Whitchouse, 1971).
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Human activity interfcring with (reshwater ccosystems is an established fact. Changes due to such
nature cflccting the quality of cither a lake or a strcam can easily be identified with the help of
Chironomid larvac. Thesc, by their widespread distributional nature, also posscss marked habitat
preferences (Paine and Gaufin, 1956; Gaufin and Gaufin, 1966; Hyncs, 1970; Oliver, 1971 and
Schlott and Reciss, 1975). A clcarcut relationship to the pollution and in particular to organic
pollutants in lotic ccosystems is well documented by studics on this group of insects (Theinmann,
1954; Gaulin, 1958; Hyncs, 1960; Hawkes, 1962, 1963; Lcarncr and Edwards, 1966; Davies, 1971;
Hawkes and Davics, 1971; Buckland, 1974 and Tabaru, 1975).

The density of any population and in particular thosc of thc family Chironomidac is primarily
determined by the larvac reaching the adult stages. The capability of these adults emerging, mating and
laying of cggs is the triggering mechanisms for the newly hatched out larvae 1o cstablish itself in a
stablc equilibrium in rclation Lo the carrying capacity of that ecosystcm. Further, their dynamics
depends on their sustenance and growth in relation to other specics by a maximal utilization of all
ccological niches available in that habitat (Hamilton, 1965; Armitage, 1969, 1971; Curry and Curry,
1971; Fitkau, 1971 and Topping, 1971). It was, thercfore, that various workers have stressed on adult
emergence studics ¢nabling the identilication of scasonality in emergence patterns and also whether
populations arc singlc or the cxistence of overlapping generations (Miller, 1941; Brundin, 1949;
Remmert, 1955a; Ncumann, 1961; Palmen, 1962; Jonasson, 1965; Corbet, 1965; Englemann and
Shappirio, 1965; Oliver and Corbet, 1966; Danks and Oliver, 1972; Stahl, 1975; Lavalle, 1976 and
Titmus, 1979).

In contrast to all the above, Indian work on benthic fauna in general and family Chironomidae in
particular, is rather scanty. Works on benthic fauna have usually been taken up as part of general
studics in rclation to fish and fisherics, where Chironomids were grouped together as larvae
dominating benthos of such studics (Srivastava, 1956a, 1956b; Michacl, 1964; Krishnamurthy, 1966;
Moitra and Bhowmick, 1968; Mandal and Moitra, 1975). Benthic limnology and its intcrrelationships
of the biota and physico-chemical [actors have also been understood very little for Indian aquatic
systems (Pruthi, 1933; Scwell, 1934; Ganapali, 1940; George, 1966; Nasar and Munshi, 1974). The
only work on dctailcd aspects on the population dynamics of five specics of larvac and their physico-
chemical factors as scen in some South Indian ponds, has been donc by Alfred (1973). Since then,
only two rcports cxist, onc on the biosystematics and ccology ol five species of Chironomidae (Alfred
and Michacl, 1979), and the other on population dynamics of freshwaler insccts, which includes
Chironomid spccics ol Bhagalpur (Roy et al. 1980).

BACKGROUND OF THE STUDY REGION

Location

The gencral study arca was the staic of Mcghalaya located in North East India. This state
compriscs of thrce major hill ranges, the Garo, the Khasi and the Jaintia. All thesc lic as a land-locked
territory, sandwiched between the Assam plains on the North and Surma Plains (Bangladesh) on their
South.
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Mcghalaya comprises of a total arca of ncarly 22,500 sq. km. and lics between latitudes 25°47°N
and 26°10°N and 89°45’E and 92°47’E longitudes. The gencral (eature of the territory is marked with
high and low rolling hills, on large platcau with a gcomorphological landscape of strcams, brooks,
rivulets, water falls and ponds or lakes. The altitude lics between 600 and 1950 metres with the
highest pcak, the Shillong peak in thc East Khasi Hills district. The capital of Mcghalaya is
Shillong, situatcd at the elevation of 1496 m. (Fig. 1).

Physiography

Physiographically Mcghalaya represcnts a remnant of the ancicnt platcau of Pre-Cambrian
peninsular shicld upliftcd to its present height. It compriscs of cxposed Archean gneiss and schists
covercd in the central and eastern parts. The region was formed when the grcat Himalayan chain were
uplifted from the ‘Tethy’s sca’, during Mcsozoic and carly Tertiary times. The hills are ncarly 135
million years old. The Shillong platcau is thercfore best regarded as a part of Indian Peninsular cut off
thercfrom by the intcrvening spread of the Ganges and Brahmaputra alluvium, The rocks have more in
common with the gncissic and Dharwar rocks of Bengal and Bihar than those of the more
neighbouring Himalayan scquence.

The drainage patlern of the region has a feature revealing straight course of rivers, rivulets and
strcams cvidently along joints and faults. The magnificient gorges in the southern Khasi and Jaintia
Hills are the result of massive headward crosion by antecedent strcams along joint and sedimentary
rocks. The northern part of the platcau is marked by long incisive valleys duc to hcadward crosion
along joints in the gneissic rock and granites. The limestonc covered arcas of southern Garo, Khasi
and Jaintia Hills revcal a typical hurst topography. The prcsent physiographic configuration of the
platcau is duc to the different geological events from mesozoic Lo present, indicative of the Polycyclic
erosional surfaccs at various Icvcls.

Climate

The climate of the region is generally tropical monsoon (Table I). The central and castern parts due
to higher clevations have very little temperature fluctuations while the western parts except during
winter, records quite high temperature. The range of temperature is usually from as low as 0°C in
Shillong to about 35°C in Garo Hills. The wintcr months arc usually from December to February and
the ground is covered by hoar {rost cvery morning but there is no record of snowfall at all.

The important climatic characteristics of these rcgions is very high rainfall averaging annually
7200 mm. In fact, Mawsynram, situatcd about 16 km. west of Cherrapunji, which itself is ncarly 50
km. from Shillong, rccords the world’s hecavicst rainfall, ncarly 14,000 mm. This is due to the fact
that the south-west monsoon from the Bay of Bengal blowing over Bangladesh gets suddenly cut off
by the cliffs with an avcrage clevation of about 1,200 m. resulting in very heavy rainfall.

Onc can divide Mcghalaya into four distinct scasons, the Spring (March to May), Summer or rainy
scason (Junc to Scptember), Autumn (October and November) and Winter (Deccember to February).
Usually strong winds blow from south-west towards north-cast from about the middlc of Fcbruary to
about middlc of May cach ycar. An intercsting fcaturc of the statc is that it lics in a highly scismic
axis and tremors of small magnitudes arc very {requent.
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TABLE 1
Meteorological data for the State of Meghalaya

Mcan Max. Mcan Min. Relative Rainfall
Month air temp. air temp. humidity (cm)
(°C) °C) (%)
Fcbruary ’ 19.9 7.8 57 - 72 2.3
March 23.4 12.6 51 - 63 44.2
April 217 12.7 76 - 82 266.5
May 23.0 16.6 77 - 87 453.4
June 24.2 16.6 85 - 86 310.4
July 24.2 18.1 87 - 88 270.0
August 24.3 17.7 85 - 88 319.8
September 23.0 16.6 76 - 91 279.4
October 20.7 13.2 2-90 127.4
November 18.5 12.1 71 - 90 50.3
December 15.1 6.7 60 — 88 25.0
January 13.4 4.5 60 — 88 nil
February 15.2 6.8 52-179 17.7
March 213 10.3 49 - 52 349
April 23.7 13.0 37 - 57 34.4
May 23.1 16.6 79 - 86 228.3
June 22.4 13.6 84 - 88 460.1
July 23.8 13.2 86 — 88 245.2
August 25.0 18.3 82 - 86 193.0
September 23.1 16.6 86 - 91 246.4
October 22.4 15.2 70 - 90 50.6
November 18.5 10.3 64 - 85 20.4
December 17.8 7.4 40 - 84 nil
January 16.2 6.6 50 - 81 1.2
February 17.9 5.1 49 - 70 25.7
March 22.6 10.4 41 - 53 11.7
April 25.5 14.8 54 - 69 136.5
May 26.0 16.7 65 - 70 56.1
June 25.3 14.4 79 - 84 354.8
July 23.3 17.8 88 — 90 512.0

August 24.3 17.7 82 - 87 127.0
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Soils

The soil varies all over the Mcghalaya platcau both in physical characters and fertility conditions.
They arc mostly latcritic in origin and vary from sandy loam, rcd loam to clayloam. The soils in the
basins are morc fcrtilc than the upland soils since much of the bases and organic matter from the top
soil of the latter gets washed away duc to high rainfall.

The scdiments arc mainly sandstones and shales (mud stonc), and well defined fossiliferrous
limestone. The percentage of organic carbon is ncarly 5% to 10% and the pH between 4.5 and 6.5
units.

Vegetation

The statc of Mcghalaya is endowced with a rich natural vegetation ranging from sub-tempcrate to
tropical. In the upper hills regions and especially the platcau of Khasi Hills conifcrous pine (Pinus
kesiya Roylc) dominatcs. They extend to the Jaintia Hills but in the comparatively dricd places are
stunted. On the slopes of Shillong peak especially the northern slopes rhododendrons exist along with
Cryptomaria japonica, resin and Chinnamonum specics. The trees on the upper reaches are stag-headed
and covered with moss and lichens. Cancs and Bamboos form rich growths and undergrowths of the
lower hills. Therc arc ncarly 150 species of ferns, 250 specics of orchids and about 150 specics of
grass. The lower clevations arc also occupicd by deciduous forests. The common undergrowth which
runs likc belts on all the hills at all altitudes arc Lupatorian sp. and Lantana camara.

STUDY SITES AND SAMPLING STATIONS

Two major study sitcs were choscn from the general arca of the Statc of Mcghalaya. In the East
Khasi Hills around the vicinity of the capital ol Shillong the sites for the lotic ccosysiems were
chosen, while the Garo Hills was the arca of location for the lentic systems.

Lentic Systems

The Lentic sysiems undcrtaken for the present investigation were situated in the Garo Hills
District of the Stae of Mcghalaya, about 300 kms. (rom Shillong. The general arca of location is
called Songsak and lics in deep forested arcas inhabited by the local tribal people. The two lentic
systems choscen here, were the Tasck lake and the Chitmareng lake. Both these lakes arc tectonic in
origin, the result ol basin subsidence during the great carthquake of 1897; when the epicentre was the
Shillong platcau (Oldham, 1899: Karunakaran, 1974). The cvidence is still present today in the (orm
ol barren stumps of Shorca robusta trees submerged in these lakes. The lakes can be classificd as
tropical (Whipple, 1927) and tectonic (Hulchinson, 1975a). The shape of the lakes arc elliptical which
is again a general characteristic of tectonic lakes.

The Tasck lake (90°33' 12"E, 25°32' 40"N) comprises an arca of ncarly 11.7 hectarces situated at
about 225 m above sca level and surrounded on all the sides by Sal forests (Shorea robusta). The lake
has two inlcts in the form of strcams, onc on the southern side known as the Innal stream :n2 the
other on the western side called after its own name the Tasck strcam. On the castern side therc is only
onc outlct.
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The Chitmarcng lake is only onc tenth of the Tasck lake having an arca of ncarly 1.9 hectares and
is located closc 1o the Tasck lake, on the northern side of the latter. During monsoons both the lakes
arc inter-connected through the outlet strcam by a small channcl:

Sampling Stations

At the Tasck lake three stations were chosen, two littoral and the other profundal. The littoral
station 1 was situated near the inlet of the Tasck strecam and the littoral station III at the other inlet of
the lake. The profundal station IT was ncar the offshore zone situated more or less ncar the middle of
the widcst arca of the lake. At the Chitmareng lake only one station was choscn as station IV and as
the lake was much shallower than Tasck, the station sclected was the littoral zone on the far side of
Chitmarcng away from Tasck (Fig. 2).

Lotic Systems

The lotic ccosystcms werce two strcams, Umkhrah and Umshirpi both originating at an altitudc of
about 1500-2600 m. on cither sidc of the general township of Shillong (Fig. 3). They flow down
belore they join the Umiam river situated at an altitude of 1050 m. These two strcams arc the only
important fresh-watcr lotic systcms in the arca undcr consideration. They were also sclected because
they were perennial and could be sampled throughout ihe year by simple strecam benthos techniques
and morcover they were comparatively shallow and short in their entire length cnabling a dciailed
study throughout the entirc course of the flow. Further, both the sircams were accessible at all the
stations during the diflcrent scasons and situated sufficicntly close to the University laboratorics
enabling chemical analysis of water samples within hours of colicction. The important criteria,
however, and spccially for the study of Chironomids was the clearcut demarcations of zones present
from the sourcc to the mouth identifiable into clean and polluted arcas.

The Umkhrah stircam mostly flows through reserve forests along its upper stretches. These forests
arc pine trces of Pinus kesiya Royle with undergrowth of shrubs like Lantana, Eupatorium and
Polygonum spp. The strcam in its middle stretch, [lows through agricultural and wastc pasturc lands.
The lands used for agriculture arc mostly donc by hand digging and cowdung manuring methods,
without the use of insccticides. Thercafter, the strecam flows all along the sides of Urban scitlements.
Though the houses linc the slopes beyond the embankments which are coverced with small grasses and
shrubs with scattered pince trees, yet the strcam receives houschold wastices. Finally, this sircam flows

through a pair of hillocks forming a modcrately decp gorge before it joins the other stream. The
approximaltc length of the strcam is 15 km.

In contrast, thc Umshirpi strcam has its hcad waters llowing through the Government Rescrve
Forest comprising ol Pinc trees of Pinus kesyiya. Thercaller without passing through any agricultural
lands it cnters an experimental trout farm run by the State Fisherics Department, from where it comes
out, Lo flow through an urban scuitlement. After traversing for some distance it enters another fish farm
and flows through urban arcas again. This last patch of strcam is lined on cither side with houses and
received maximal scwage load before it joins the other strcam. A few arcas of the stretch ncar the

urban locations arc lincd by grasses and fcw shrubs of £i'patorium, Lantana and Plygonum spp. The
length of the strcam is approximatcly 12 km.
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Sampling stations

Five sampling stations werc choscn in cach lotic system to enable a representation of all the
habitat types prevalent in the systems. The stations were also chosen based on the substrate variation
and the quality of the water in rclation to its pollution load. Usually station I was very near the
headwaters or the source of that strcam and station V was the last station of the stream belore it joined
the other major lotic systems in the arca. The other stations were kept more or less equidistant from
these two points while at the same time keeping in view the above mentioned criteria for selection of
stations.

UMKHRAH STREAM
Station 1

This is a small pool, shady and overhung by marginal vegetations. Here the strecam flows through
two hillocks on either sides and contains swamplands on either banks, formed by the seepage of water
upwelling from ground watcr sources. Currcnt velocity is 35 cm/sec. but considerably slow in the
pool, which is strong bottomed with a deposition of sand and silt. The avérage depth and width are
25.3 cm. and 1.85 m. respectively.

Station II

It is a strong rifflc about onc km. downstrcam from station I. At this station there is an uniform,
moderaicly fast flow (40 cm/scc.) on a bed of small fist sized and slightly larger roundcd pebbles. The
avcrage depth of this station is 12.9 cm. and widith 1.9 m.

Station III

This station is almost similar to station 1. It is a small pool, with silted sandy bottom, and with
scatterings of boulder, gravcls and pebbles. Dense vegetation on either side of the station deposits
litter. Current vclocity (20 em/scc.) is very low. The average width is 1.5 m and depth 13.2 cm. The
station was pollutcd, as large scale washings of clothes were donce here and considercd as a bathing
place also.

Station 1V

In this station the strcam flows through hills with rescrve forcsts of Pinus kesiya on either sides.
The substrate consists of silt, sand, gravel and pebblcs. Litter deposition is high. The average width
and dcpth are 2.5 m. and 11.4 cm. respectively. The current velocity is 50 cm/sce.

Station V

This is the scwage effluent station wherc the strcam enters the urban locations. One tributary
carrying a heavy load of sewage from urban arcas joins the strecam at this place. Here the width of the
strcam also increascs (7.5m), the depth is 23.3 cm. The rate of flow is only S cm/scc. The substrate at
this station consists of sand, silt, pebbles, gravel, misccllancous articles, and litter. In this station the
colour of thc watcr is dirty brown.
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UMSHIRPI STREAM
Station 1

This station is locatcd at the hcadwaters of the Umshirpi strcam system. The station is almost
completely frce from human disturbances, before it enters.a trout farm crected on the stream. Here the
water flows through a reserve forest: with densc growth of Pinus kesiya which extends upto the
margins of the stream. The cntirc place is shaded and not much sunlight penetrates into the stream
particularly in summer and monsoon months. The substratum consists of embcdded and loose
pebbles, strewn with occasional 3.5 m and a current velocity of 88 cm/scc.

Station II

This station is small, rifflc-likc (Plate 3b) having dcnsc forcests of Pinus kesiya on cither banks
and gencrally free from any disturbances. The bottom is sandy having large numbcer of small pcbbles
and rocks covered with silt. The current velocity is 10 cm/sec. on an average. The mean width is 1.9
m and depth is 16.6 cm.

Station III

Hcre the strcam cnicrs a complcete urban influcnced arca having a great amount of sewage and
misccllancous particles. The width of the strcam in this station is 5.75 m on avcrage and depth is
23.9 cm. The substratum is composcd of silt, sand, gravcl, pcbbles, litter. The average current
velocity is 40 cm/scc.

Station 1V

This station is also situated in an area of grecat human disturbance and can be easily designated a
pollutcd station. Surrounding vegetation compriscs of Pinus kesiya, Eupatorium spp., Lantana camara
etc. The bottom consists of silt, sand, pcbbles, boulders ctc. The average width is 8 m and depth is
22.7 cm. The current velocity on average is 25 cm/scc.

Station V

This station is almost similar 1o that of station III and IV and is also situated in complete urban
areas. Tributarics bringing the wastc product from the houses join at this station. Morcover, this is
highly disturbed by human interferences. The substratum is composed of boulders, gravel, pebbles and
silt. The average depth and breadth arc 19.2 cm and 5.6 m. respectively. The flow of water is 50
cmy/sec. on average.

MATERIALS AND METHODS

Lentic Systems

The detailed analysis for the population study of the chironomid larvae were first carricd out in the
stations of the lentic ecosystems of Garo Hills. This was done for a period of about scventeen months
beginning February 1977 10 June 1978. All collections were donce at fortnightly intervals. Sampling
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tlime was confincd to the morning hours between 0800 and 0900 hrs. Bottom samples were obtained
at each station in rcplicates by the use of an Ekman Dredge. The dredge used, covered an area of
506.25 sq. cm. This bottom substratc was transferred into a 15 litre bucket and washed thoroughly.
The larvac were filtcred from the bottom mud by using a nylon seive made up of 14 meshes per lincar
cm. They were then sorted, preserved in 5% formalin and subscquent identification and counting was
done. All fortnightly triplicate sampling were brought together as monthly averages for the sake of
convenicnce and the figures represent the scasonal variations monthwise.

At cach station, just belore the sampling for the larvae, water samples were collected for physico-
chemical parameters and the water levcl also noted. For oxygen analysis the water samplc was taken
in 125 ml ground glass stoppered bottles and fixed in the ficld. For the remaining analysis, water was
collccted in polythenc bottles of 500 ml capacity, and was uscd for pH, conductivity, total alkalinity
and frec carbondioxidc analysis.

Air tcmperature was mcasurcd with the help of an ordinary mercury thermometer at about onc
metre above the surface of the water at the different stations. The water temperature was taken with a
similar thermomcter but by placing it inside a polythene bottle securcly and the rcadings taken
immcdiatcly alter the samples were brought up, indicative of the temperature of the water enclosed
from that station. Transparcncy was detcrmincd by the usc of a Scchi disc.

The physico-chemical factors were all analysed within onc hour of collection. pH and conductivity
were rcad off from a Toshniwal pH metre (Model no. CAT CL-43) and Elico conduclivity bridge
(Model no. Type CL-82) respectively. For dissolved oxygen, the samples which were fixed in the field
was analysed with the help of unmodificd Winkler's technique (American Public Health Association,
1966). Free carbondioxidc and alkalinity was determined after Welch (1948).

In addition to all th¢ above mentioned paramcters, some meterological factors like maximum-
minimum tecmperature, rclative humidity and rainfall for the whole region under considcration was
collected regularly from the local metcrological stations.

Lotic Systems

After the seventcen months period of analysis in the lentic sysicms, the next fourtcen months
from July 1978 1o August 1979 was confincd to the work in the lotic sysicms. Fortnightly samplcs,
confined to thc morning hours between 0800 and 1000 hrs. were the time of collections at the
different stations. Collections of larvac for relative abundance were made with a hand nct fixed to a
square frame madc of wrought iron with a mesh size of 60p. It covered an arca of 20 x 25 cm?2 of the
substratc bottom. The nct was placed on the strcam bed with its mouth facing the current and the
substratum disturbed thoroughly when the washings got collected in the net. A triplicate number of
such samples were donc at cach station. Samples collected from cach station to be a total
representative of that station, was bascd on triplicate collections from the middle, sides and in slower
and faster current zones of the strcam. This mcthod was found to be the most suitable in shallow
stony strcam bed than when comparced to grabs and shovel or box samplers (Hyncs, 1970; Chutter,
1969). For those stations which had very little gravel or stoncs and which contained thick mud as
substrate, larval collections were donc by the usc of a simple boltom cover, covering an arca of 0.019
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m2. All collcctions were made in triplicate, from all representative parts of the strcam in that station
also.

In the lotic system for physico-chemical analysis the same method as for the lentic system was
followed and the same factors analyscd except for the transparency of the watcer and instead the width of
the stream at that station was mcasurcd. The former was not measured as the water at most of the
stations throughout the period of investigation was more or less transparent cnough 10 see the stream
bottom.

For a dctailed study of the larval specimens collccted, representative specimens were taken and
placed in hot 5% KOH for tcn minutes, washed in water and transferred to glacial acetic acid for
another ten minutes, finally thcy were left in cthyl alcohol till the diffcrent parts were dissected and
mounted in DPX. Each mouth part and othcr important taxonomic characters of the same larvae were
mountcd on one slide.

For population analysis only thc larvae of the genus Chironomus was separated into four different
stages, representative of the instars, bascd on the length of the larvac. The other genera were counted
as such irrespective of their length groupings. All specimens were, however, finally preserved in 10%
formeldehyde.

During the last phase of the work from Junc 1979 to Scptember 1979 cmergence studics were done
at onc of the tributarics of the Umshirpi strcam 1o obtain a gencral idea of the number of adults, their
scx ratio during the pcak monsoon period of emergence. The emergence studics were carricd out with
the help of light trapping tcchniques with the use of a fluorescent lamp and confined to the hours just
after dusk 1!l about midnight. They were preserved in 80% alcohol.

RESULTS

Larval Taxonomy

The higher categorics cmployed here are thosc most commonly used by the American authors
(Johannsen and Towncs, 1952) and which arc valid in the light of present knowledge of
Chironomidac. The morc important character changes at cach point are indicated in the keys.

The following sub-family keys arc modificd from those of Johannscn (1937) and Roback (1957).

Kcy to the sub-familics of larval Chironomidae

1. Anicnnac retractile into head; basal antennal segment usually elongate. Lingua present ..o..eeeveeeeees
......................................................................................................... Tanypodinae
Antcnnac non-retractile; lingua abscnt, labial platc PresCil....iiceeeeeiensisereercessineeeescsssssnnenes 2

2. Third antcnnal segmcent distinctly annUlALC.....ccciveeeeeiieiriiercrsnnrnneesetsneesseessssssssnnnes Diamesinae
Third antcnnal SCZMCNL NOL ANNUIALC. .c.ccceiierierererenennneereieirsesesasassssesssesseseassssssrasssssssssssss 3

3. Prcmandibles lacking, preanal papillac very Iong ......coeviiiiiiiiiiieniniiiiiiiiciiencnann Podonominae

Premandibles JaCKIME...o. i ittt e e ra e ereseeenessanssaessaasesssnssensssnsessssonne 4
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4. Para-labials, if present, non-striated, may bear hairs........c.ceevceeeeceinnenecccnnecsansenae Orthocladiinae
Para-1abial plaies SIrialed. .......cceuurieeierenreneereereecrecresrenessesaessseerassranersssssessssnns Chironominae

During the present investigation the larvac of this family recorded in the lentic and the lotic
systems undcrtaken, come under threc sub-familics and cleven gencra. The taxonomic position and
generic names of thesc gencra are :

Family Chironomidac

Sub-lamily Tanypodinac
Clinotanypus Kicffer
Tanypus Mcigcen
Anatopynia Johannsen

Pentaneura Phillipi
Sub-family Orthocladiinae
Brillia Kieffer
Sub-family Chironominac
Tribe Chironomini
Polypedilum Kieffcr
Harnischia Kiclfcr
Dicrotendipes
Chironomus Mcigen
Tribe Tanytarsini
Cladotanytarsus Kicffer
Calopsectra

The taxonomic characters of the above sub-familics and their genera for the larvae recorded in the
present investigation is detailed below :

Sub-Family TANYPODINAE
General Characters

This is thc most primilive of the commoner sub-familics. Representatives inhabit both running
and standing waters. The larvae arc in gencral, free-living predators. Their food consists chiefly of
other Chironomid larvac and minute crustaccans.

Antennac retractile; one-fourth to three-fourths as long as head; eye spots cordate, oval or reniform;
epipharynx and premandiblc rudimentary or wanting; mandibles sickle shaped or hooked; generally
with one or two tecth on inner margin; maxillary palpus well developed and slender, maxillary lobe
with hair or clavate bristles; hypopharynx consists of suspensoria, superlingua with two or many
tecth, and a central toothed lingua; labium soft and colourless; may have paralabial combs on each
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side; body with scattered hair or lateral line; gencrally clongate, cylindrical; and papillae moderately to
very elongate, with 7-20 hairs, anal gills four or six.

GENERIC CHARACTERS
Genus Clinotanypus Kicflcr

General Characters

The larvac of the genus Clinotanypus is characterized by the head modcratcly clongate, averaging
onc and a half times as long as it is broad; the antennae arc about three-fourths as long as the head; the
mandibles arc hook like, paralabial comb abscnt.

Characters observed

The larvac mcasurc 9 mm in Iength. The head is 0.42 mm long whilc the breadth is 0.27 mm.
Hcad capsule pale ycllowish brown and is broad behind, tapering anteriorly. Antenna three-fourth as
long as the head. The larvae are pinkish white. Superlinguae not scalc-like but is pointed and formed
into serrations all along the margins of the lingua, lingua with six ycllow tecth, the two laterals four
times as large as the two central oncs. The mandibles arc hook like, and have a black apex. Body with
very few scattered hairs. The preanal papillac are about four times as long as they arc broad. Posterior
prolegs well dcvcloped and have distinct claws. Four anal gills with pointed apices (Fig. 4).

Genus Tanypus Mcigen

General Characters

The larvae of Tanypus diffcr from those of rclated gencra in that the head is relatively small, and
there are six anal gills, onc pair dorsal in position and closc to anus, and the others situated on the
base of the prolcgs. The five teeth of the lingua of the hypopharynx are ycllow in colour and are
ncarly equal in length.

Characters observed

The larvac is about 8 mm long and is greenish with a dark green head. Larval head (0.2 mm) short,
and as broad (0.18 mm) as long. Antcnnac retractile about one-third as long as head, the basal segment
morc than five times as long as the terminal scgments combincd. The mandiblcs arc short and broad,
with a bristle tooth but otherwisc without distinct teeth. The pale labial plate with pale paralabial
plates is weakly scelerotized, and have about cight small rounded tecth on cach side. The suspensoria
of thc hypopharynx is blackish brown with palce, closcly set, hair like tceth in the pecten. The lingua
is yellow and slender, and has five subequal tecth, superlingua pale. Fringe of scattered hairs are
prescnt in the body, but tuft of hairs only in the thoracic scgment. Antcrior prolegs have pale claws,
postcrior prolcgs arc ycllow. Long prcanal papillac. There are six triangular Icaf-like anal gills which
are about twicc as long as they arc broad (Fig. 5).

Genus Anatopynia Johannscn
General Characters
The Jarvac bear paralabials and have scaticred hair or lateral hair line on the body.
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Larva of genus Clinotanypus. A - Head; B — Lingua
and superlingua of hypopharynx; C — Posterior end of
larva; D — Mandible.
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Larva of genus Tanypus. A — Head of the larva;
B - Lingua and superlingua of hypopharynx;
C - Paralabial plate; D - Posterior end of larva;
E - Mandible.
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Characters observed

Body colour, green with dark yellow rounded head. The larvae measure 7 mm to 8 mm. Antennae
one-third as long as head. Paralabials with five teeth on cach side. Lingua of the hypopharynx bears
five sub-equal yellow teeth, the latcrals unusually large, the middle one small. The supcrlinguae have
pointed teeth. The mandibles are curved. Preanal papillae long with 8 hairs. The four anal gills are
sharp and pointed. Scattered hair on the body. The claws of the posterior prolegs yellowish brown

(Fig. 6).

Genus Pentaneura Phillipi
General Characters

Slender and cylindrical; colour generally ycllow or whitish; head one and a half to two times as
long as wide, antenae half as long as head; two to three times as long as mandibles; labium with
vescicles at sides; body with scattcred hairs.

Characters observed

The larvae mcasure 7 mm to 8 mm, Body is slender and cylindrical and has a slightly enlarged
thorax which is especially noticable just before pupation. The head is slender and is one and a half
times as long as wide. The colour of the head is yellow with the remaining part of thc body whitish.
Body with scattercd hairs. Anal gills slender and tapering. Paralabial platc abscnt. The lingua of the
hypopharynx have five dark tccth, latcrals bigger than the central ones. Anterior prolegs are very
slender and tapcring. The mandiblcs have a blackened apex and have distinct inncr teeth. The claws of
the posterior prolegs are simple (Fig. 7).

Sub-Family ORTHOCLADIINAE
General Characters

The eggs of thc members of the sub-family Orthocladiinae, are usually deposited in water in
gelatinous strings, or in some cases in irregular clumps within a gelationous mass, or even singly in
moist situations as with some species whose larvae arc terrestrial.

Larvae small to rather large; body colour white, yellowish, greenish or bluish, or more rarely red.
Labrum often with two to many prolonged sensory bristles; premandibles have cither a single point or
several points. the antennae generally five segmented, rarely four or six segmentcd. Paralabial plates,
if present, never movable or radially striate; anal papillac occasionally lacking. The labial plate is
provided with nine to nineteen marginal tceth. The anterior prolegs arc provided with numerous curved
hair like claws,the posterior prolegs if present have simple claws. The anal gills are either four in
number and in exceptional cases, two, or completely lacking.

GENERIC CHARACTERS

Genus Brillia Kieffer

General Characters

The larvac of this genus are characterized by the curved (irst antennal scgment. they are large,
white or amber coloured.
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Characters observed

The larvae arc palc ycllow in colour, mecasurc 11 mm in length. The rather short dark brown head
is unusually blunt, the apical half of the mandibles, the narrow posterior margin of the head capsule,
and the labial platc are darker brown. There is a single eye spot on each side of the head. The antennae
slightly curved, is five segmented. The mandible has five prominent teeth. The labial plate is provided
with thirtcen black tecth with the middle one distinctly smaller than the first laterals; the labial plate
is blackencd proximally for a distance equal to half its width. The preanal papillae are long. The anal
gills arc not pointed, but short and oval. The claws of the anterior prolegs are long, slender and those
of the posterior prolcgs stouter (Fig. 8).

Sub-Family CHIRONOMINAE

General Characters

This is the largest of the sub-families as far as numbcer of species are concerned. The larvae of this
sub-family are generally red but other colours are also found. The paralabial plates are well developed
and usually striate and the mandible, with few exccptions has a preapical comb of bristles. The
antcnnac arc non-retractilc. Both the thoracic and the caudal prolegs well developed.

The sub-family is normally divided into two major tribes - Chironomini and Tanytarsini.
Tribe Chironomini

Antcnnac usually shorter, four to six segmented, the paralabial plates are striated and the mandible,
in most cases, has a prcapical comb.

GENERIC CHARACTERS

Genus Polypedilum Kicffer
General Characters

The larvae of this genus generally red. The labial plate generally has 16 teeth, but some have 12 or
14 tecth. Usually at least the median pair of tecth are clongate and in most cases the second laterals are
also elongate. The anal gills taper to a point and many have one or more constrictions. Paralabials
widcly separated in the median line.

Characters observed

The larvae, brown in colour with comparativcly small head. Anterior and postcrior ends of the
body darker. The larvae measures 6 to 7 mm in Iength. The head is short, and is pale brown in colour.
The mandibles have dark tecth. The labial plate has 14 (ccth, the median pair almost equal to the
second lateral, labial plate light brown in colour. The paralabials are widely scparated. The anal gills
are constricted beyond the middle (Fig. 9).
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Larva of the genus Brillia. A — Head; B - Labial

plate; C ~ Posterior end of larva; D ~ Antenna;

E - Mandible.

Fig. 9.

Larva of the genus Polypedilum. A — Labial and
paralabial plates; B — Head; C — Posterior end of larva;
D -~ Mandible.
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Genus /Harnischia Kieffer

General Characters

The outcrmost tecth of the labial plate project forward in most species and the premandibles,
though gencrally bifid, show a tendency to an increasc in the number of blades. The antcnnal blade is
generally at the base of the 2nd antennal segment.

Characters observed

The larvac measurc 4-5 mm in length. Small slender larvac with distinct body segments. Body
colour yellow having darker gular and thoracic region. Two distinct cyc spots. Labial plate with odd
number of tecth with middlc one trifid, with six laterals, 4th & 6th latcral small, 5th one a large
tooth. Mandibles with two flat lateral tccth and a moderately long apical tooth. Anal papillae short.
Anal gills very small (Fig. 10).

Genus Dicrotendipes

General Characters

The labial plate has 11 to0 13 teeth; the middle tooth may appear simple in mature larvae, but is
notched midway of its length in carly instars. The lateral teeth of the mandible are more rounded.

Characters observed

Body of the larva light green, head ycllowish. Eye spots double and clear. The length of the body 6
- 7 mm. Labial platc with 11 tecth, with the middle oncs lighter than laterals. Mandible with dark
teeth, all arc different in size and shape, no blood gills on 11th scgment. Five segmented antenna
(Fig. 11).

Genus Chironomus Mcigen

General Characters

The eggs, are encloscd in a gelatious string which in turn is cnveloped in a gelatinous mass. The
larvae are slender and worm like, with a ycllowish brown or darker brown oval head; the body in most
cases is blood-red. The front is clongate, acute at the posterior cnd, and is provided with a few
rcgularly arranged marginal bristles. the antennae may have cither five or six segments. the mandibles
arc stout with an acutc apex and have two or three usually dark marginal teeth, on the ventromesal
side; proximal of the basal tooth is the palc accessory tooth. The labial plate has dark teeth, in most
cases vary in size and in numbcer with the specics. Paralabial platcs with few cxceptions distinctly
striated. The anterior prolegs have a pair of lobes with numcrous curved bristles, the posterior prolegs
with numbcr of sharp claws. On the dorsal side at the caudal and of the twelfth scgment there is a pair
of small papillae. There arc four short anal gills and in some specics that live in oxygen deficient
waters, there are also two pairs of clongalc ventrolateral gills.
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Fig. 10. Larva of the genus Harnischia. A - Labial and
paralabial plates; B ~ Head; C — Posterior end of larva;
D — Mandible.
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Fig. 11. Larva of the genus Dicrotendipes. A ~ Labial and
Paralabial plates; B — Head; C — Posterior end of larva;
D ~ Mandible.
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Fig. 12. Larva of the genus Chironomus. A ~ Head; B — Labial
" and paralabial plates; C —~ Posterior end of larva;
D - M‘ndibh‘
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Fig. 13. Larva of the genus Cladotanytarsus. A — Labial plates;
B —~ Mandible; C - Head; D ~ Posterior end of larva;
E - Antenna.
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Characters observed

Larvae red blood in colour about 14 mm long, labial plate typical of genus with thirteen teeth.
The first laterals are longer than their neighbours and closcly adjacent to the second laterals.
Abdominal segment ten with two short caudolateral gills and segment eleven with four long gills:
Posterior claws brown and nearly horse-shoe shapcd. Mandible with three long, dark, apical laterals
and light dorsomesal tooth. Brush of the mandibles with four main stalks. Anal gills four in number,
sausage-shaped, shorter than posterior prolegs. Head capsules dark brown. Paralabial plates well

developed (Fig. 12).

Tribe Tanytarsini

The larvae are characterized by a rather long, five scgmented antcnnaec mounted on a prominent
tubercle or prominence. The basal secgment is somewhat curved; nearly twice as long as the remaining
segments combined and with a conspicuous latcral bristle. The paralabial plates are narrow and nearly
contiguous on the median line.

Genus Cladotanytarsus Kicffer
General Characters

This genus is distinguished in the larvac by the large lauterborn organs placed on short petioles.

Characters observed

Small, larvaec measure about 3-4 mm. Light ycllow coloured body. The head is darker with rather
tong five scmented antennac with the basal segment somewhat curved, and mounted on tubercle,
paralabial plates arc clongated and not widcly scparated. Labial plate with 11 light brown teeth with
middle one still lighter. Middle one barely noiched on each side. Mandible with dark apical, lateral and
dorsomesal tooth. No spurs on the antennal wubercle. Lauterborn organ large with short petiole. 4 anal
‘cunded lobes (Fig. 13).

Genus Calopsectra
General Characters

Lauterborn organs sessile on tip of sccond segment, tubercle without spur.

Characters observed

Body length 4 mm to 5 mm. Antcnna long and 1st scgment curved and longer than the rest of the
antznnal segments. Paralabial plates close at center, blunt at inner spaces. Lauterborn organs sessile. 4
anul gills. Labial plate with 11 tceth. Sccond antcnnal segment about one-quarter as long as first.
\l.dian labial tooth uniformly dark and simple (Fig. 14).
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Population Dynamics.

As the taxonomical differcntiation upto the specics level for Indian larvae was very difficult, the
present work was confined to the identification of these larvae upto the generic levels only. Our work,
in the systems studied, fall into threc major sub-families, Tanypodinae, Orthocladiinae and
Chironominae. Under the Chironominac sub-family both the tribes Chironomini and Tanyiarsini were

present. However, the lentic habitats possesscd only two sub-families, viz. Tanypodinae and
Chironominae.

Lentic Systems
Station I

An analysis of the seasonal observation at this station for the two sub-(amilies present,
Tanypodinac and Chironominae, scecmed to he antagonistic to each other. Except fiuring the months,
February and Scptember, during the first annual cyélc and in April during the second. where they were
more or less equal in numbers, all the other months revealed one to be drastically more than the other.
Chironominac dominated in the month of March occurring upto 90.2% which was taken-over by
Tanypodinae from April onwards when it recorded nearly 100% with a total absence of Chrironominae
till August of the first annual cycle. The trend got reversed again after October when Chronominae
registered 60-100% till March of the next cycle. The month of May showed a trend in the reverse with
Tanypodinae about 93%, while in June again Chronominae took over in very large numbers
(Fig. 15).

At this station five genera were present, representative of both the sub-families. They were
Clinotanypus, Tanypus, Harnischia, Dicrotendipes, and Cladotanytarsus.

The genus Clinotanypus at this station was recorded in the first iwo months of the study period,
where the second month was nearly half of the first (160/m2 and 80/m2). They disappearced from the
system subsequently to rcappear in very low numbers (20/m2) in the month of September and
disappearcd again in October. From November onwards, a significant increase in numbers were seen
till they reached a poak in January recording 400/m2. The next three months a decline was observed
and they disappearcd from the system during the last two months (May and June). (1able 11).

The next genus Tanypus of the sub-family Tanypodinae, appeared in the system only from the
third month of the swudy period in April recording 700/m? and with a subsequent steady increase
revealed a pcak in July with 1560/m2. Thercafter, the numbers showed a decrease and then totally
disappeared from the month of October. It reappeared only in May when the numbers were 780/m2.
However, this fcll drastically 10 20/m? in the following months, The general trend of fluctuation was
more obvious in the first year of study as the gcnus was present in larger numbers and that too for
many morc months than in the next cycle (Table II).

Harnischia, at this station was present in the [irst two months of the study period, February and
March, with the latter showing a maximum occurrence of 740/m2. It, thereafter, was absent from the
system till October with the exception of a record with low numbers once in May and the other in
September. From November onwards it reappeared and sicadily increased till a peak was obtained in



TABLE I

Seasonal distribution of the different genera of Chironomidae larvae Stations I to IV of the lentic systems

First cycle Second cycle
Stn.  Genus Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. | Jan. Feb. Mar. Apr. May June
Clinotanypus 160 80 — — —_— = = 20 — 100 340 |400 220 120 180 — —
Tanypus — — 700 760 1240 1560 1180 40 — — — _ - — — 780 20
I Harnischia 200 740 — 80 — — — 60 — 180 540 |700 260 560 160 60A 440
Dicrotendipes 20 — — - - - - — 20 40 320} — 320 — — — —
Cladotanytarsus | — — — — — — — —_ - — — 1400 — —_— - — 20
Clinotanypus - 20 — - - —= 20 — 40 60 60 |140 40 60 40 20 —
Tanypus 2040 1360 1040 920 920 1760 540 340 140 500 300 | 700 980 140 700 960 420
I Harnischia —_- - = - —_- - = — — 80 80 20 20 20 80 — —
Dicrotendipes — — — — — — — — 80 — —_ — —_ R — R —
Clinotanypus 20 40 — — —_ = - 20 — 20 — 20 40 — — - -
Tanypus 240 — 20 20 — — 20 — 40 80 20 60 60 40 960 — 20
11 Polypedilum — — — — — — — —_ — — 20 —_ —_ —_ - —_ -
Harnishia 40 60 — - - - — 20 40 — 280 |320 320 200 — — —
Dicrotendipes — 20 — — 40 40 20 —_ — 120 - — 40 — — — 40
Cladotanytarsus | — 20 — — — — —_ —_ = 20 — 60 — — - —_ -
Clinotanypus _— — — — — 20 —_ —_ — — —_ 20 — —_ - —_ -
Tanypus — — — — — — — —_— — — — —_ 20 20 — 20 —
IV Polypedilum 20 180 20 — 20 20 20 — 260 900 160 | 20 20 20 240 — —
Harnischia 80 100 — — — — — — — 140 — —_ 40 - - - -
Cladotanytarsus | —  — —_ - —_- - == —_ = = 20 — —_ = = = =

Stn. — Station
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the month of January with 700/m2. This fcll drastically in the subsequent months but again a trend
towards the incrcasc was secn in March. The numbers again fell till May, which thereafter increased to
small peak of abundancc in the last month of investigation. This genus in its gencral seasonality was
observed to posscss a spring and winter maxima (Table IT).

The genus Dicrotendipes in the first month of the study period recorded 200/m2. It then disappéared
totally from the system to reappear only in October. From then onwards, it rose steadily till it reached
a peak of 320/m? in the month of December. In the subsequent months it recorded nil. Thereaficr, in
the month of February, it showed a maximum number (320/m?) and disappeared from the system for
the remaining period. This genus appears to be a winter occurring one in its seasonality of abundance

(Table IT).

The last genus Cladotanytarsus was present only in the last month, January, of the first annual
cycle when its numbers recorded were as high as 400/m2. It reappcared in the system again only in
June of the sccond cycle recording only a minimum of 20/m2. In all the other months it was not
available in the collcctions (Table II).

Station II

At this station when the scasonal trend of fluctuation was observed as a percentage among the two
sub-familics Tanypodinac and Chironominac, it was scen that the former sub-family dominated the
station. Tanypodinae in addition to its maximal relative abundance which was nearly 100% during
most of thc months and never below 70% (October, November and December), occurred throughout
the period of investigation. In contrast, the sub-family Chironominae appeared at this station only in
the month of October and that too in comparatively less numbers with a percentage of nearly 30%. It
was present in this station only till April during which it declined to a very low value of nearly 2%
during the months of January and February to rise only till 10% in the next two months, and
subsequently disappeared from the system (Fig. 15).

Here the two sub-families of Chironomidac were represented by only four genera, They were
Clinotanyous, Tanypus, Harnischia and Dicrotendipes. Of these four genera, only Tanypus occurred
throughout the study period while Dicrotendipes, occurred only once in the month of October. The
other two genera Clinotanypus and Harnischia with sporadic occurrences of the former were mostly
present in the system at this station during the later hall of the investigation period (Table II).

The genus Clinotanypus occurred in very low numbers (20/m2) in March and August without
being recorded during the period from February to September. Thercafter, it reappeared in the system
in the month of October with a number of 40/m2, Since then it stcadily increased to reach a peak of
140/m? to stcadily fall till May and rccording nil in June (Table II).

The next genus Tanypus (Table II) appeared in the system with very large numbers, as seen in the
month of February, recording 2040/m?2. It steadily decreased thereafter till Junc to rise again in July
though not to a level as in Fcbruary, with a subscquent fall till October. From November onwards a
rise and fall alternatcd till the remaining study period. The genus seemed to definitely possess a winter
raaxima with only a slight increase in summer.
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The genus Harnischia occurrcd only from November to April, with the maximum record of 80/m?2
in the first two months, November and December and the last month of April during their period of
occurrence. The other three months in between had a constant record of 20/m2 (Table II).

Station III

The two sub-familics Tanypodinac and Chironominac at this station revealed a diverse fluctuation
in the first few months of the study period with some significance thereafter (Fig.15). This
phenomenon is seen in the first iwo months of February and March, when Tanypodinae dominated
with nearly 86% in the former month and Chironominae dominated with nearly 70%, in the latter.
Again, in the months of April and May the record of 100% of Tanypodinaec was observed, with an
absence of Chironominae, followed by a similar occurrence of Chironominae and absence of
Tanypodinac in June and July. Thercalter in the next four months the abundance were nearly 50%
each. From Dccember onwards Chironominac dominated in the systcm upto March oscillating around
82 - 90% with very low abundances of Tanypodinae. In April there was a sudden increase of
Tanypodinae with the total absence of Chironominae as was scen in April of the first annual cycle.
The last month June recorded the usual Chironominae abundance. Station III was represcented by six
genera. They were Clinotanypus, Tanypus, Polypedilum, Harnischia, Dicrotendipes and
Cladotanytarsus.

All the genera wcere consistent in that, none of them occurred continuously throughout the
investigation period. Of these Clinotanypus, Polypedilum, Dicrotendipes and Cladotanytarsus occurred
six times, once, seven times and three times respectively without any idea of a trend of seasonal
fluctuation, as their occurrences were sporadic. Tanypus recorded a significant number in the month of
February as 240/m2 but subsequently cither disappeared or recorded in very low numbers upto.
September. From October onwards till April there was a rise and fall, when in the month of April of
the second cycle, they reached the maximum of ncarly 960/m?2 (Table II).

The genus Harnischia during the first tcn months of the investigation period occurred not only in
very low numbers but also only four times. From December onwards they were suddenly seen to be
abundant at this station with a number of 280/m2, which rose to a peak of 320/m? in the subsequent
two months. In March, though thcre was a fall it was not very significant as the numbers recorded
were 200/m2. After that they disappearcd from the system (Table II).

Station IV

The sub-families Tanypodinac and Chironominac at this station revealed a definitc dominance of
the latter. In fact Tanypodinac occurrcd only during five months of the entirc investigation period and
was only 50% in most cases except in the month of May during the second cycle, in which, it was
the only sub-family which occurred forming 100%. Chironominac on the other hand was present
nearly throughout the study period and was absent at this station, whenever the other sub-family was
also absent except only once. This non-occurrence of the Chironominae was recorded only four times
and whenever it occurred, it was never below 50%. In most of the months it recorded a presence of
100% (Fig.15). This station was represented by five gencra.
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Clinotanypus, Tanypus, and Cladotanytarsus occurrcd sporadically at this station (Table IT) and in
very low numbers (20/m?2).

The genus Polypedilum was present more or less throughout the study period cxcept in May and
September during the first annual cycle and during May and June of the second annual cycle. During
the first cight months whenever they occurred, they were in very low numbers recording only 20/m2,
with the month of March showing a peak of 180/m2. November showed the largest peak of 900/m2,
which subsequently fell drastically in the following four months to rise only to about 40/m? in the
month of April before they disappeared from the system (Table II).

Harnischia in thc systcm occurrcd only four times throughout the study period of investigation,
during Fcbruary, March, Novembcer and March again. A peak was scen in November with 140/m2 and
a small incrcase was seen in the month of March of the first annual cycle (Table II).

Lotic Systems

The Chironomid larval population in the lotic systems undcrtaken were seen to possess one extra
sub-family in addition to the two as scen in the lentic systems. Hence both the lotic systems were
representative of three sub-families Tanypodinae, Orthocladiinae and Chironominae.

UMKHRAH STREAM

Station 1

In this lotic system Umkhrah, there was a dcfinite pattern of the occurrence of the three sub-
families from thc headwaters to the mouth. Station I showed a negligible occurrence of the sub-family
Tanypodinae throughout the period of investigation with percentages of 10 and above in only two
months, of the five months that thcy occurrcd. Orthocladiinae and Chironominae at this station,
formed mirror imagcs of cach other in that when one occurred maximum the other was very less.
Orthocladiinae during the first cycle occurred maximum between July to September ranging between
70 - 80% and again from 80 — 90% during the second cycle from June to August. Similarly
November, Decembcer, February, March and April were the maximum abundances of the sub-family
Chironominae. A clear summer maximal occurrence for Orthocladiinae and a similar winter period for
Chironominae was sccn in this station as the gencral trend of fluctuation seasonally (Fig. 16).

At this station the represcntative genera were four, Anatopynia, Pentaneura, Brillia and
Chironomus. Of these Anatopynia and Pentaneura occurred only for two and three months respectively
with insignificant numbers except as 320/m? for Pentaneura in a single month of August. Brillia
recorded a maximum in July at the beginning of the investigation but fell steadily till November to
thereafter rise again and form a much smaller peak (780/m2) in January. It again fcll subsequently till
May. A suddcen increase in June to very large numbers and in fact the highest recorded for the period of
investigation of this genus Brillia in this station I, of ncarly 2000/m? was observed. The subsequent
two months of July and August though the numbers fell but were on the higher side and very near to
the maximum record.



TABLE I

Seasonal distribution of the difference gemera of Chironomidae larvae in the stream Umkhrah

First cycle Second cycle
Stn. Genus Jul. Aug. Sept. Oct. Nov. Dec. | Jan. Feb. Mar.  Apr. May Jun. Jul. Aug.
Anatopynia — — — — — — — — — — 20 — 40 —
Pentaneura —_ —_ — — — — — 40 40 — — — —_ 320
I Brillia 1660 1340 640 100 20 60 | 780 220 380 140 100 2080 1920 1500
Chironomus 40 640 240 300 560 720 | 500 980 2520 200 80 180 480 60
Tanypus —_ — — — — — — 52 105 — — — —_ —
I Brillia 2368 2684 1631 2631 210 578 | 210 52 157 263 315 2473 1631 1421

Chironomus | 1157 210 421 736 1263 1473 | 1473 2631 5420 2999 263 315 1105 1210

Anatopynia _— — —_ —_ —_ —_ —_ — 157 157 263 — —_ —
I Pentaneura — —_ — — — — — — 105 — — — — —
Brillia —_ — —_ - — — —_ — — — — 631 —_ —

Chironomus |2105 789 1263 1578 1421 2578 |8315 12894 2894 2263 421 3052 1736 1052

v Chironomus |[1736 1526 2430 3420 1263 2052 |7526 6368 4736 2263 263 1999 2105 2315

\% Chironomus |[3526 1789 3894 1584 2052 4210 |4894 6368 6315 6315 11947 3420 4105 3894

Stn. — Station
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The genus Chironomus in this station was scen to rise and fall during the first cight months of the
study period with peaks of abundance recorded in August, December and February. This increase in
February rose to very high levels in March, recording 2520/m? to subsequently fall and rise in the
remaining months (Table III).

Station II

The next station in this sysicm when obscrved for the scasonal fluctuation of the three sub-
families they followed a pattern similar to that of station I (Fig.16). Tanypodinae in fact occurred only
twice with less than 2%. Orthocladiinac and Chironominae showed the summer and winter maximas
respectively and a similar phenomenon of one sub-family occurring less when the other was abundant
as in station I was also scen here.

This station was rcpresented only by three genera Tanypus, Brillia and Chironomus. Of these,
Tanypus occurred only twice during the cntire study period. The genus Brillia showed significant
abundances in thcir numbers during the first four months, July to October, when they were recorded
from 2000 to 2500/m2. A similar trend was seen during the last three months from June to August.
During the other months the numbers werce far Icss and the lowest recorded was in February (52/m?).

In contrast, Chironomus showced a scasonal trend of abundance just opposite to Brillia. Though
they had incrcascd numbers in July with ncarly 1000/m2 they fell drastically to rise only again in
November. Thereafter a stcady increase was observed till they reached a peak in March with 5000/m2,
In the next month of - April, they fell to 3000/m2 and in the subsequent two months they recorded very
low numbers and rose to their original Ievels in July and August of the second cycle as in July of the
first annual cycle (Tabic III).

Station III

Of the three sub-familics at this station Tanypodinac though occurred only thrce times from March
to May yet the relative percentages were much higher than in the previous two stations. The
maximum was scen in the month of May with nearly 40%. The sub-family Orthocladiinac unlike the
earlicr two stations was rccorded only once in the month of Junc amounting to only 17% at this
station III. The sub-lamily Chironominae was prescnt throughout the period of investigation. They
recorded 80 - 100% with the Icast of about 60% in the month of May (Fig. 16).

This station was represented by four genera, Anatopynia, Pentancura, Brillia and Chironomus.

Of thesc, Pentaneura and Brillia occurrcd only once and Anatopynia three times. The genus
Chironomus which recorded nearly 2000/m? in the first month of the investigation period fcll and rose
in the subscquent months till a peak of more than 8000/m2 was scen in the month of January. The
next three months it fcll 1o levels of about 2000-3000/m?2 and the lowest recorded in the month of
May (421/m2). Again the last threc months a sudden increase was scen, with June showing nearly
3000/m2 and the remaining two months with more than 1000/m2 (Table III).
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Station IV & V

The last two stations IV and V of this lotic system was representcd by the sub-family
Chironominac only. The other two sub-familics Tanypodinac and Orthocladiinae were totally absent
in these two stations (Fig. 16).

As is understandable only onc genus namely Chironomus was represented in these two stations.

In station IV this genus showed a rise and fall in its numbers during the first six months with
however the range of abundancc between 1000 - 3000/m2. A final peak of nearly 7500/m2 was scen in
the month of January which steadily fcll during the next threc months registering a drastic fall in the
fourth month with only 263/m? in the month of May. The last threc months again showed an
increasc in numbers to ncarly 2000/m? (Table III).

A similar trend of fluctuation of this genus Chironomus was also scen at station V with a peak of
nearly same numbcrs in thc month of February. This oscillated for the next two months to rise to
drastic levels of 3000 — 4000/m2. The lowcest record was scen however in the month of October
though the numbers were pretty high with 1500/m?2 (Table III).

UMSHIRPI STREAM

As in the previous lotic systcm, so also here the occurrences and abundances of Chironomid larvae
had a definitc habitat spccificity from the hcadwaters to the lower clcvations. Here also, three sub-
families Tanypodinae, Orthocladiinac and Chironominae wcre represented. However, stations I and 11
of this lotic system had all thc threc sub-familics while the remaining three stations III, IV and V
were represcnted by the sub-family Chironominae only.

Station I

In station 1 the sub-family Tanypodinac represented much Iess than the other two sub-families over
the scasons. Thcy were ncarly 40% in the beginning and fcll thereafter to very low levels in
Septcmber to risc only in Dcecember to ncarly 35%. Subscquently, they rose and fell till a peak was
oblaincd in April with nil records in Junc (Fig. 17).

The sub-family Orthocladiinac recorded lowest in the beginning of the period to rise steadily till
they rcached a peak of more than 50% in October. Subsequently, there was a fall till January which
rose thereafter to reach another smaller peak of a little over 40% in the month of March. In the
remaining months, howcvcr, ups and downs around 20% was observed. The last sub-family, in this
systcm was Chironominac which followcd a morc or lcss rcverse trend of [luctuation to that of
Orthocladiinac. The pecak was seen in August, ncarly 80% and the lowest recorded in October with the
second pecak of ncarly 75% in January. In last few months of the study period a similar rise and fall
was obscrvcd in alternaic months though the percentage was about 70 — 80% (Fig. 17).

Station I of this system was represented by six gencra Tanypus, Anatopynia, Pentaneura, Brillia,
Chironomus and Calopsectra.



Seasonal distribution of the different genera of Chironomidae

TABLE IV

larvae in the stream Umshirpi

First cycle Sccond cycle
Stn. Genus Jul. Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug.
Tanypus 80 —_ — 8¢ 160 180 — 220 — 100 20 — 20 20
Anatopynia — — — 20 100 40 60 60 100 120 — — — —
Pernsaneura 80 20 20 80 80 80 40 100 140 60 40 — — 20
I Brillia 20 20 300 420 660 140 60 180 400 80 220 260 140 120
Chironomus 160 140 120 140 200 220} 280 400 100 120 700 1260 460 660
Calopsectra 60 60 160 220 100 200} 260 160 100 120 20 100 60 180
Anatopynia — — -— — — — — — — 240 120 80 20 60
Pentaneura 40 20 —_ — — — — — — 160 20 40 40 —
I Brillia 80 60 180 280 420 100 40 220 160 60 100 60 20 —
Chironomus 160 200 120 140 220 540 | 300 420 840 200 220 400 260 320
Calopsectra 20 60 40 80 4 60 40 60 20 — — — 20 20
11 Chironomus 1936 2420 3157 3999 1473 3420 |8315 3999 894 263 578 894 1842 2105
v Chironomus |1842 1684 2526 2420 3789 5493 |7526 7578 4736 842 578 1584 1578 1947
A Chironomus |1789 2315 2894 1526 1999 4210 [4894 6368 6315 6420 5052 584 1052 3052

Stn. — Station
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The genus Tanypus occurred in few numbers and also not prosent throughout the period of
investigation. They began with 80/m2 as their numbers, and rose steadily to more than 200/m? in the
month of Fcbruary, when they formed the maxima peak, and thereafter fell till they reached 20/m?2
(Table IV).

Anatopynia occurred only from October to April, with pcaks in November and April recording
100/m2 and a little more (Tablc IV).

The next genus Pentaneura though occurrcd for most of the investigation period except for two
months, showed rise and fall throughout the period without any dcfinite trend of fluctuation. The peak
valuc of 140/m2 was scen in March with minimal valucs in August of both the cycles (20/m2) (Table

IV).

Brillia from the beginning of the investigation period steadily built its population till a peak of
660/m? as their numbers were attaincd in November. The numbers again fcll to risc only in March
with a smaller peak of 400/m2, with a trend of risc and fall thercafter. The lowest record of 20/m? for
this genus at station I was seen in the months of July and August (Table IV).

The genus Chironomus similar to Brillia rosc stcadily however with some rise and fall, but
attained a peak in February with 400/m2; However, this peak fell to risc only again in Junc to reveal a
larger penk of 1260/m2, which fell in July to 460/m? and again rose to 660/m?2 in August (Table IV).

The last genus in this station, Calopsectra, with minor riscs and falls, showed a peak in January
with 260/m2 and a minimum of 60/m2 in the month of July of the second cycle (Table IV).

Station 1II

This station was also rcpresentative of the three sub-familics — Tanypodinae, Orthocladiinae and
Chironominae.

The sub-family Tanypodinac was totally absent from the sysiem for seven months, Scptember to
March. They showcd a peak of abundance in April of a little over 60% to fall in the subscquent
month. The sub-family Orthocladiinac with minor variations rosc steadily to form a peak of nearly
60% in Novecmber and subscquently fcll to nil values by the end of investigation period. They,
however, had minor ups and downs in their abundances. The sub-family Chironominae at this station
began with densitics of above 60% but fell in the subscquent months till November. Suddenly in
Dccember and in January they recorded nearly 85 - 90%, fcll in Fcbruary to 70% and again rose in
March to nearly 85%. In the next month they fell drastically to nearly 25% but rose steadily thereafter
till they again auained a peak of 85% in the month of August of the second cycle (Fig. 17).

The station I was represented by five genera, Anatopynia, Pentaneura, Brillia, Chironomus and
Calopsectra.

Of these the gencra Anatopynia and Pentaneura occurred for only 5-6 months and that too not
continuously. In both, howevcr, the pcaks for maximum valucs were seen in the month of April

(Table IV).



42 Rec. 200l. Surv. India, Occ. Paper No. 146

The genus Brillia was seen to risc sicadily till it reached a peak of about 420/m2 in the month of
November. It thereafter fcll and rosc till July of the sccond cycle, recording the least of 20/m?2 and a
total disappecarance in the subsequent month of August (Tablc IV).

The next genus Chironomus at this station with minor ups and downs, reached peaks of 540/m2,
840/m?2 and 400/m? in the months of December, March and June respectively. The lowest was,
however, seen in the month of Scptember with 120/m? as their numbers (Table IV).

The last genus Calopsectra in the sysiem at this station was present throughout the period of
investigation except during April, May and June. They also revealed a picture of ups and downs with
their maximal peak of 80/m? in the month of October (Table IV).

Station III, IV and V

The remaining three stations of this lotic system Umshirpi was seen to be devoid of the two sub-
families — Tanypodinae and Orthocladiinae. Sub-family Chironominae, thercfore, formed 100%
abundance in all these three stations (Fig. 17).

Only Chironomus was represented in these stations. In station 111 the genus Chironomus built a
population of ncarly 2000/m2 to reach a small pcak of about 4000/m2 in the month of October. It fell
thercafter, to risc and form the largest pcak of abundance of more than 8000/m2 in the month of
January. Aftcr that they again fcll till the lowest was attained in the month of April with only 263
individuals/m2. Subscqucntly, the population built upto a stcady incrcase till it attained nearly
2000/m? in thc month of August (Table IV).

At station IV the population fluctuated at the beginning to risc stcadily till it obtained a peak of
morc than 7500 individuals/m? in the month of February. The population fell till it reached its lowest
level of little more than 500/m?2 in the month of May. A stcady incrcase till nearly 2000/m2 in the
month of August was observed (Table 1V).

In the last station V, (Tablc IV) the genus Chironomus, though increascd till April, when it
recorded ncarly 6400/m2, yet smaller rises and falls werc scen during the same period. Hence, peaks of
smallcr magnitudes were scen in Sepiember and February. After the maximum attainment in April, a
fall was scen in the subscquent months till June with 584/m? to reach a peak again in August with
nearly 3000/m2.

Physico-Chemical Factors

Lentic Systems

Station 1

The air temperature taken at 1 m above the surface of the water at all stations rcvealed a
consistency, in that, the lowest, though recorded in the winter months was seen to be always in the
month of January. The present station recorded 11°C as the minimum. The maximum was recorded as
23°C in the month of July. Both thesc were for the first annual cycle. The second cycle which was not
for onc ycar showcd a maximum of 24.5°C in the month of April (Fig. 18).
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The watcr tcmperature at this station ranged between 12.5°C and 23.3°C, the former recorded as
minimum in thc month of Fcbruary and the lattcr maximum in July during the first annual cycle. The
trend during the second cycle was more or Icss same with April recording 24°C as maximum like that
of air temperature (Fig. 18).

The water level at this station showed a general increase during summer and a decrease in winter.
This was clcar in this station where the maximum water level was recorded as 122 cm in the month of
June and a minimum of 41 cm in December of the first annual cycle. A similar increasing trend was
observed during the sccond cycle when the month of June recorded maximum with 60 cm (Fig. 18).

The transparency rcading as taken wilh secchi disc was minimum in June and maximum in
October during the first cycle recording 40 cm (Fig. 18) and 60 cm respectively. The subsequent cycle
though showed an incrcasc in June could not be atributed as maximum as the annual periodicity was
not observed (Fig. 18).

The pH of the water remaincd almost neutral throughout the study period. The range between the
minimum and maximum pH recorded was very low being only 1 unit. The minimum was recorded in
the months of September and October which was around 6.7 units, while the maximum was in the
months of February, May and January cach month rccording 7.2 units. The next cycle showed an
increase in pH values with most of the months recording 7 and above, the maximum being recorded in
the month of March as 7.5 units (Fig. 19).

The next factor was conductivity or specilic conductance as expressed in pmho/cm. It was secn to
be maximum in the month of March (58.99 pmho/cm). Thercafter it fcll and rose around this value
till the minimum record was 39.34 umho/cm in the winter month of January. However, during the
second cycle the valucs stcadily rose till May which recorded nearly 60 pumho/cm and above and
subscquently fell (Fig. 19).

Dissolved oxygen as the next factor analysed, revealed a maximum value in the winter months
which was nearly 10 mg/! in Decembcer and January. However, the summer months of April and May,
recorded only 5.5 mg/l, which was minimum for the first annual cycle. The second cycle revealed
values of lcsser magnitudcs. However, a trend towards lower valucs was seen during the summer
months of April and May (Fig. 19).

The next abiotic factor, Carbondioxide revealed a mirror image of oxygen values. The maximum
was recorded as 17 mg/l in May, while thc minimum was seen during the winter months of
November to January, oscillating around 4.8 mg/l. Thc next cycle showed an incrcase in their values
and a trend of increasc in the summer months with April recording a maximum of 10 mg/1 (Fig. 19).

The last abiotic factor analyscd was total alkalinity, contributed mainly by bicarbonate ions. This
was secn to follow a pattern almost similar to that of free Carbondioxide. The values increased in
summer showing a maximum of 45.2 mg/l in the month of June. The minimum valucs were recorded
in the months of August and October with nearly 29 mg/l. The next cycle definitcly showed increased
values with a maximum of 48 mg/l in the month of May (Fig. 19).
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Station

At station Il the monthly variations in air tcmperature revealed a maximum temperature in the
month of June (26°C)and minimum in January recording only 9.5°C. There was a steady increase in
the water temperaturc towards the summer months as scen in July with 26.2°C and a fall in winter, in
the month of January recording 13.5°C. The second cycle, as is understandable, recorded an increase in
the summer months with the maximum in April for both air and water temperatures (Fig. 18).

The water level also followed a similar pattern like temperature fluctuation. The highest value
recorded was in June with 183 cm, which thercafter fell gradually to 116 cm. in the month of January
in the first annual cycle. The second cyclc also followed the same pattern (Fig.18).

Transparency rcadings were secn to be maximum in the winter months recording the same values
as of station I. The minimum values were recorded in June (40 cm.). The second cycle also maintained
a similar trend of fluctuation (Fig. 18).

The pH at this station fluctuated from a minimum of 6.5 units to a maximum of 7.2 units during
the months of July and February respectively during the first annual cycle. The second cycle revealed
higher values, recording the lcast of 6.8 units (Fig. 19).

Conductivity valucs did not follow any dcfinite scasonal pattern. The readings oscillated between
39.64 pumho/cm as the minimum during August to @ maximum of 55 pmho/cm in March of thc first
annual cycle. The next cycle revealed maximum values, as recorded in March and April, with nearly
58 umho/cm (Fig. 19).

The dissolved oxygen valucs at this station, with increascd values of nearly 7.5 mg/l in the month
of February, started to fall till they reached a minimum for the first annual cycle in July, recording
only 5.6 mg/l. Subsequently, it rose steadily, till it reached a peak in the month of January recording
a maximum of 9.8 mg/l. The trcnd, thereafter, was in the decreasing side as seen in the second cycle.
(Fig. 19).

F . carbondioxidec content showed an inverse relationship with the dissolved oxygen content. The
minin'u.n and maximum values recorded were in the months of February (3 mg/l) and in July (8.2
mg/1) respectively during the first annual cycle. A similar rise in values as 8.0 mg/l April vas seen
during the next cycle (Fig. 19).

The last abiotic factor considcred at this station was total alkalinity which did not follow any
definite pattern of fluctuation over the seasons. The range of fluctuation was however between 28
mg/l and 41 mg/l. during the first annual cycle. The months of August, Scptember and October
recorded the minimum, while April recorded the maximum. A gencral summer maxima with winter
minima was obscrved and this wrend was also scen fer the second cycle (Fig. 19).

Station III

Similar conditions of the physico-chcmical factors was obscrved in this station as in previous
stations. The monthly variation in air tcmperature revealed a gradual increase of temperature in the
summer and decreasc in winter months. The maximum air tempcraturec was recorded in August
(25.6°C) and the minimum in January (9.8°C). Water temperature fluctuations were similar to air
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temperature. The temperature fluctuated between 12.5°C and 25.2°C. The minimum and maximum
were in the same months of January and July respectively. The sccond cycle in both revealed an
increasc, as it was thc onsct of summer (Fig. 18).

A tendency in the incrcase of water level during summer was obscrved, recording a maximum
value of 100 cm in August. There was a gradual fall in this level in the following months, with the
minimum being 35 cm in January. The next cycle revealed a similar pattern. The transparency record
did not reveal any dcfinitc trend of rise and fall. However, the values ranged from 32 cm in April to 80
cm in December. The maximum value obtained in the next cycle was 70 cm in March (Fig. 18).

The minimum record of pH was scen in the month of August with 6.6 units, while the maximum
was in May, 7.5 units. The range of fluctuation was very low, and the next cycle followed similar
trend oscillating around 7 units (Fig. 19).

Conductivity, as the next factor, was maximum in March of the first annual cycle. A fall was
regisicred in the subsequent months, which then rose and fcll around the value of 50 umho/cm till the
minimum was recorded in-January. The next cycle began with a similar fluctuation, with a record of
60 umho/cm in April (Fig. 19).

Dissolved oxygen valucs did not show any significant diffcrences in the various months. The value
oscillated around 60 mg/l and 9.2 mg/l, thc minimum and maximum recorded in the months of July
and January respectively. A similar pattern was seen for the next cycle also (Fig. 19).

The range for frce carbondioxide present at this station fluctuatcd between 3 mg/l and 7.8 mg/l
during the first annual cycle. The former was rccorded as minimum in February and the latter as
maximum in Junc-July. The magnitude of values in the next cycle increased and a record of 10 mg/l
was seen in April (Fig. 19).

Total alkalinity also did not show any pattern of fluctuation. The maximum present was in the
month of March (41 mg/l) and the minimum in thc month of February (26 mg/l). However, the
months of August, September and October had the same value, 28 mg/l, very near to minimum. Once
again, the next cycle the values were in incrcased levels (Fig. 19).

Station IV

Al this station January recorded the minimum air temperature as 9.7°C and maximum was 28°C
recorded in August. Water temperature values fluctuated from 15°C to 28°C, with the usual winter
minima and summer maxima (Fig. 18).

The monthly fluctuation of water lcvel showed a maximal rise in Junc (267 cm) and a crop to 219

cm recorded as minimum in April. No definite secasonal pattcrn was obtained. A similar trend was seen
in the next cycle (Fig. 18).

Transparcncy readings taken during different months were minimum in February (26 cm) and
maximum in May and July (58 cm). There was very little diffcerence in the values during the

remaining months, with the valucs oscillating around 40 cm. This was true also in the next cycle
(Fig. 18).
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pH of the water during the scasons ranged between 6.5 and 7.4 units. Though there was no definite
pattern of fluctuation, lesser values were recorded in the winter period. In the second cycle also the
same condition prevailed, with values around the ncutral (Fig. 19).

Conductivity was scen to decrcase in winter although no significant diffcrences were obscrved in
the diffcrent scasons. The maximum was scen in the month of March with a record of 59.91
pmho/cm and minimum in January (14.1 pmho/cm). From thc maximum to the minimum value a
trend of stcady decrcase was observed, which continucd for the next cycle with a risc only in May
(Fig. 19).

Dissolved oxygen ranged between 5.4 mg/l and 9.8 mg/l. These valucs showed slight increase
during winter and spring months. The inversc relationship to temperature was observed for oxygen
values (Fig. 19).

Fluctuation of free carbondioxidc did not show any significant diffcrences and exhibited no seasonal
trends. Only once the frec carbon-dioxide rose as high as 18 mg/l in May while the minimum values
were seen to be in the months of February and March recording around 3 mg/l. Such low valucs were
also seen during the ncxt cycle (Fig. 19).

The last factor analysed was total alkalinity. The maximum was 38 mg/l in May, and the
minimum in December and January (7 mg/l) in the first annual cycle. A trend of increase in the
summer months was also obscrved in the next cycle, when 26 mg/l was recorded in June (Fig. 19).

Lotic Systems
UMKHRAH STREAM

Station 1

The monthly variations, in the station I of thc Umkhrah strcam, for air temperature revealed a
maximum in Junc (24.8°C) and a minimum in January (16.6°C), revealing the usual summer maxima
and winlcr minima. Water tempcérature also fluctuated between 11.5°C and 22.5°C. The maximum and
minimum being recorded in June and January respectively, followed closely that of air temperature
(Fig. 20).

The depth readings at this station showed a tendency of gradual decrease from summer months
onwards, the lowest being recorded in December and January (12 cm). It then increased to give a
maximum value in Junc (36 cm). The width of the strcam also followed a similar pattern. Values
ranged from 0.65 m, as rccorded in January, to 2.5 m, as in May (Fig. 20).

The pH rcadings at this station showed no major {luctuations over the scasons. It was seen to be
mostly acidic, the valucs oscillating around 6 units, which was the general minimum as seen in the
months of December and January. The maximum occurred in September with 6.6 units (Fig. 21).

The next factor conductivity was scen to bc maximum in December (46.2 umho/cm) while the
minimum was recordcd in November and February (37.8 umho/cm). Here also there was hardly any
drastic fluctnation (Fig. 21).
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Dissolved oxygen revealed maximum values in November, February and March (8.2 mg/l), while
October showed a minimum value of 7.2 mg/l. No significant fluctuation pattern was witnessed
during the annual cycle, and most values recorded were around 7.5 mg/l. (Fig. 21).

Free Carbondioxide content was quite less in the system at this station ranging from 1.8 mg/l to
3.5 mg/l. These values represented the maximum and minimum as seen in the months of November
and January respectively. However, all other values were around 2 mg/l. (Fig. 21).

Total alkalinity was the last [actor to be considered which fluctuated between 22 mg/l and 40 mg/l.
The values obtained in the different seasons were almost similar. The minimum was obtained during
the month of July as 22 mg/l, whilc the maximum in Septcmber, November, April and May in the
first annual cycle. Most other readings oscillated around this maximum (Fig. 21).

Station II

The monthly readings of air icmpcrature revealed that the minimum was in December (16.7°C)
followed by a steady incrcase recording a maximum in May (24.5°C). Water tcmperature similarly
fluctuated from 16.5°C to 23°C rccorded in the months of January and June respectively. The usual
summer maxima and wintcr minima was obscrved (Fig. 20).

Depth, like tcmperature, had the samc scasonal pattern with the maximum bcing recorded in the
month of June (23 cm) and minimum in January (4 cm). Thecre was a dcflinite decrease from the
summer to wintcr months and a subscquent risc in the following cycle (Fig. 20).

Width of the station also showcd such definite trend of fluctuation, ranging from 1.3 m to 3.8 m.
The minimum was seen in January and February, while the maximum in June (Fig. 20).

The pH valucs were around 5.4 and 6.5 units revcaling the acidic nature of the system at this
station. The maximum of 6.5 units occurred in July which fell till it reachcd a minimum of 5.4 units
in September. It then steadily oscillated around 6 units, with 6.5 units being recorded in January,
February and March (Fig. 21).

Conductivily, as maximum was obscrved in December (46.25 wmho/cm) while July recorded the
minimum with 27.65 pmho/cm. There was a general trend of incrcase in the autumn months to
winter and subscquent fall (Fig. 21).

Dissolved oxygen values were quite high throughout the period of study at this station, fluctuating
between 7.2 mg/l and 8.4 mg/l. Generally, these values showed a slight incrcase during winter and
spring months, the range of magnitudc was very low (Fig. 21).

Carbondioxidc content was not very high in this station and varicd from 2 to 4 mg/l. The
maximum and minimum were recorded during the months of November and August respectively. All
readings oscillated around the value of 3 mg/l (Fig. 21).

Total alkalinity showed an increasing trend from July to November with the latter month recording
maximum of 4 mg/l. An immediate fall in the next month revealed the minimum, alongwith
February. Thercaticr, a stcady increase took place till May (Fig. 21).
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Station III

Likc other stations of this strcam Umkhrah, station III also followed a similar pattern for both the
air and water temperatures. December recorded the minimum as 13.5°C and 12°C for air and water
respectively. Septcmber recorded, similarly, the maximum temperature of 25°C and 23°C respectively
for air and water (Fig. 20).

The values recorded for depth revealed a considerable decrcase from August (16 cm) to February
(9.9 cm) followed by a gradual risc upto 22 cm in Junc. The gencral trend of a decrease during winter
and a subsequent rise in summer was obscrved. Maximum width at this station was observed to be in
the month of June recording 1.85 m, whilc January and February recorded a minimum of 1.4 m. A
similar trend of fluctuation as for depth was scen here (Fig. 20).

pH of the watcr was always in the acidic range throughout the year, between 5.4 and 6.8 units.
There were rise and falls with no significant trcnd, the maximum recorded in October and minimum in
April (Fig. 21).

Conductivity as the ncxt factor rcvealed its highest value in October and December (54.07
pmho/cm), while July recorded the minimum value of 28 pmho/cm. A trend towards an increase in
late autumn and winter was obscrved for this factor (Fig. 21).

The dissolved oxygen valucs at this station oscillated around a maximum valuc of 8 mg/l for most
of the months. The maximum, however, was rccorded in the months of January and February with 8.4
mg/l. Similarly, the minimum valucs rccorded were during the months of Sceptember till December
with 4.5 mg/l as the averagc values. A dcfinite increase in values during winter was observed with
minor exceptions (Fig. 21).

In comparison with other stations, free carbondioxide content was quite high in certain months, as
in December (9.5 mg/l). However, January and February recorded the lowest values of 2.8 mg/l.
Generally, the magnitude of the values were higher than in other stations (Fig. 21).

Total alkalinity was low during the carlicr months of the investigation period. A minimum of 20
mg/1 as in July, showed a risc in content till October and finally rcached a maxima in Fcbruary (42
mg/l). Thereafter there was a decline in the next two months, with a second maxima in May (44 mg/l)
(Fig. 21).

Station 1V

The range of air tempcraturc was between 15.5°C and 23.8°C as observed in the months of January
and Scplember respectively. Similarly, a gradual fall of temperature in winter, recording a minimum
in January of 14°C, which then rosc stcadily 1o record a maximum in June (22.5°C) was obscrved for
watcr temperature (Fig. 20).

A similar pattern was scen for depth, in that, January and February recorded a minimum of 9.2 cm,
while June recorded a maximum depth of 14.5 cm. The width of the strcam at this station also
incrcascd in summoer, specially in the rainy scason, with the winter months recording the minimum
value of 2.5 m (Fig. 20).
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The pH values at this station were very near ncutral throughout the period of investigation. A
maximum record of 7.4 units was scen in July of the next cycle and otherwise no drastic fluctuation
was observed (Fig. 21).

Conductivity varicd from 52.05 pmho/cm to 74 umho/cm. No significant pattern of fluctuation
was noticed from July to March. However, April and May recorded a maximum of 74 pmho/cm (Fig.
21).

Dissolved oxygen content fluctuated between 4 and 7.2 mg/l. The maximum content was scen to
be present in the month of July and minimum in January. A summer maxima with winter minima
was scen in the first cycle but the trend reversed in the second (Fig. 21).

Frce carbondioxide content of this station was low during the carlicr periods of the investigation
but a gradual risc was obscrved from November onwards, showing a maximum record of 10 mg/l in
Fcbruary. This was followed by a declinc in the subscquent months. During the next cycle the values
rose to 12 mg/l in August (Fig. 21).

Total alkalinity as the last factor measured was only 28 mg/l in July, which thercafter increased
upto 48 mg/l in December. The content then fluctuated around 36 mg/1 to risc again in May and June
with the values around 48 mg/l. A further rise was observed in the next cycle recording the maximum
for the entire period, in July - August with 62 and 58 mg/l (Fig. 21).

Station V

The air temperaturce revealed a consistency in that, the lowest valucs were recorded in the winter
months, in this station, in the month of February with 15.9°C. The maximum air tcmperaturc was
seen to be in the month of Scptember recording 23.4°C and not in the peak summcr months
(Fig. 20).

The water tcmpcerature, howcver, revealed the usual winter minima as in January (14.1°C) which
rccorded the lcast, and a summer maxima, as in June recording 22°C as highest (Fig. 20).

The range between minimum and maximum depth at this station was scen in January as 20 cm
and Junc as 34 cm respectively. There was a fall in valucs during the autumn months which steadied
in winter and rose subscquently (Fig. 20).

The width rcadings taken was seen to be minimum in January and February and maximum in July,
the former being 7.4 m and the lauter 8.1 m. There was hardly any significant {luctuation (Fig. 20).

The range between the minimum and maximum pH recorded was very less at this station. The
minimum, however, was seen in the month of August being 6.3 units and maximum was 7.5 units
in June and July. All the valucs oscillated around 7 units (Fig. 21).

The next factor conductivity also did not follow any dcfinitc seasonal pattern. It ranged between
38.07 umho/cm and 8.5 pmho/cm, recordcd in the months of January and April respectively
(Fig. 21).



52 Rec. zool. Surv. India, Occ. Paper No. 146

Dissolved oxygen valucs were comparatively low throughout the period of study in comparison
with the other stations of the system. It fluctuated between 2.8 mg/l and 5.4 mg/l. February recorded
its minimum and November its maximum (Fig. 21).

In contrast to oxygen thc next abiotic factor [rce carbondioxide content revealed a negative
relationship. Maximum values were recorded in February as 10 mg/l and minimum in May with 3.5
mg/1, for this factor. There was an incrcase in winter with summer minima (Fig. 21).

The valucs recorded for the total alkalinity were seen to increase during the winter months. March
rccorded the highest content (48 mg/l) and minimum was recorded in August (22 mg/l). There was a
slight increasing pattern for this factor from summer to winter (Fig. 21).

UMSHIRPI STREAM

Station I

December recorded minimum temperature for air and water, the values being 11.8°C and 10°C
respectively. Air temperature rose upto 23.2°C during Scptember, but 21.5°C was the maximum for
water temperaturc as observed in the month of March (Fig. 22).

The range of depth in diffcrent months was from 6.5 to 19 cm. April and November recorded their
minimum and maximum depth respectively. A tendency of increase im the late autumn months was
observed (Fig. 22).

A minimum width was secn at the beginning of the investigation period which flucutuated around
3.4 m to 3.7 m upto Fcbruary which then increascd in Mdy and June (4.1 m) to recach the maximum
of the first annual cycle. It oscillated around these valucs thercafter (Fig. 22).

The pH was in acidic range fluctuating from 6 to 6.7 units. Unlike other factors, no seasonal
patterns of fluctuations was observed. However, the maximum was observed in April and the
minimum in Scptecmber (Fig. 23).

Conductivity as the next factor started with a lcast value of 21.7 umho/cm, which increased in the
following months recording a maximum in November (38.99 umho/cm). The valucs then oscillated
around 36 umho/cm in the subscquent months (Fig. 23).

Dissolved oxygen and frce carbondioxide content showed negative correlation. Maximum values
for dissolved oxygen was 9.0 mg/l and minimum was 5.2 mg/l, recorded in thc months of March and
November respectively. Free carbondioxide content was not very high, fluctuating from 1.2 mg/l to 6
mg/l, the least in January and the highcest in November (Fig. 23).

Though July rccorded minimal valuc for total alkalinity (18 mg/1), it fluctuated from 20-26 mg/l
in most of thc months. November recorded 30 mg/l being maximum for this station (Fig. 23).

Station II

The range of air tempcrature recorded in the diffcrent scasons fluctuated between 11.2°C and
23.1°C, observed in January and Scpiember respectively. The water temperature was maximum in
September (21.6°C) and minimum in January (10°C) (Fig. 22).



Fig.22

o—e Alr tempersturs »--o# Water tempersture

o—e Depth —3WIidth
Sta. v

—_—
- w w -

L ad

4

e

w

=

=

«

[ 3

w

a

X

w

L

w £

- -

« o
(-]

b _‘5:
x -

S x

< 3 —;~

- -

v $ &

=4

=

«

w

v 3

X

w

-

s ]

«
, $

S

Fig. 22. Showing the seasonal fluctuation of air temperature,
water temperature, depth and width in stations I to V
in the stream Umshirpi.

Fig. 23
o—eo Disselved exygen 1x--a Fres cerdondionide
»—a PN o—qg Conductivity

o—o Total afkalinity

sof 10

-
1M né
C o
(-]

J0 :
3
Lol
H
§ s g
2013 Spo
s

-

y

20

v

50

TOTAL ALKALINITY (mg/iitre)

(shrun) ¢

s |
(-]
(w3 ovw W) ALIAILINONO

$1330LVES OETEEN AN _7EET ¢

40

-

o
o

~

~
(-]
———

(syun) ne
-—
[ -]

—g—
(-]

20

(1uR) HE

SRR Dlnaddt LT Rt of

7 A S O N DJJ F M A M J ) A
Months

Fig. 23. Showing the seasonal fluctuation of dissolved oxygen,
free carbondioxide, pH, conductivity and total
alkalinity in stations I to V in the stream Umshirpi.

- VI4AND SSvVa ¥ 41V

ouoay) jo 801027

vipu] Jo s|I1H “d "N wo4f

£S



54 Rec. zool. Surv. India, Occ. Paper No. 146

Both depth and width showed a decrcasing during the colder months of the year. February recorded
minimum depth (9 cm) and July the maximum (32 cm). Width was maximum in June and July (2.35
m), whereas Fcbruary and October minimum width (1.7 m) was recorded (Fig. 22).

The pH was in the acidic range fluctuating from a minimum of 4.8 units in August to a
maximum of 7 units, the latter reading recorded in January and Fcbruary. Thereafter, pH declined to
5.8 units in Junc (Fig. 23).

Conductivity valucs were also secn to be high in January (68.25 pmho/cm) and minimum in
August (22.05 umho/cm). Except January, no significant diffcrence in the conductivity values were
obscrved in between the diffcrent months. There was a winter maxima and summer minima (Fig. 23).

Dissolved oxygen valucs were modcratcly high throughout the period of study, although slight
incrcasc during winter and spring months was seen. August recorded the peak value (8.8 mg/l),
whercas July and June recorded the minimum content (Fig. 23).

The range of frce carbondioxide content was from 3.5 mg/l to 7.2 mg/l without cxhibiting any
seasonal trends. The maximum and minimum content was rccorded in the months of July and
February respectively (Fig. 23).

August showed a very low content for total alkalinity (16 mg/l), which incrcased in the subsequent
months to touch the maximum, as sccn in November (28 mg/l). It thercalter fell in January and
February to fluctuate around 22 mg/l to 26 mg/l in the following months (Fig. 23).

Station III

Temperaturc at this station, for air and watcr, were scen to [ollow similar trends of fluctuation. It
recorded 23.5°C and 20.5°C for air and waler respectively, as maximum, in the month ol September,
to fall in December, as the minimum, when they recorded 11.5°C and 9.5°C for air and water. It,
thereafter, increased steadily till the end of the investigation period (Fig. 22).

The fluctuations of depth revealed, that, in the beginning of the study pceriod values were
maximum (36 cm as in August), which steadily fell in the following months recording a minimuin
in May (18 ¢m). In the samc manncr width was also maximum during August (7.95 m), decreascd
gradually and rccorded a low 4.95 m in'March (Fig. 22).

From July to November the water was in acidic rangc."ll then increased to touch the alkaline point
(7.2 units) in January, 1o thercalter, remain ncutral for the subscquent two months. Except April (6.9
units) the pH valucs fluctuated between 7.0 and 7.2 units (Fig. 23).

Conductivity on the other hand ranged from 44.1 pmho/cm o 78.75 wmho/cm, as observed in the
months of September and June respectively. Although the fluctuation range was quite high, no
seasonal pattern was obscrved (Fig. 23).

Dissolved oxygen content was also moderate except in certain mounths, where it increased upto
10.2 mg/1 as in December. In other months the values ranged from 5.4 mg/l 10 8.9 mg/l, the former
rccorded a minimum in the month of Scpiember {or this station (Fig. 23).
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In contrast, carbondioxidc content was moderately high, fluctuating from 4 mg/l to 15 mg/l. The
maximum rccord was observed in April whercas both in Scpiember and January the minimum was
recorded (Fig. 23).

The last abiotic factor considered was total alkalinity. The content was low in the months of July
to October which then rosc in November, when it recorded the highest value of 44.6 mg/l. The valucs
then oscillated between 24 and 37 mg/l and suddenly declined in May recording the minimum content
of 20 mg/l for that year in this station (Fig. 23).

Station 1V

The monthily variation of air tcmperature revealed that, minimum temperature occurred in January
(16.5°C), followed by a sicady risc, recording maximum in April (25°C). Watcr tempcrature values
(luctuated from 16°C to 22.8°C. The months of January, Fcbruary recorded the minimum, while
August the maximum (Fig. 22).

Maximum depth was scen to occur in Junc recording 32 ¢cm and minimum in January (16.7 cm).
No dofinite (luctuation was obscrved (Fig. 22).

Width was morc in this station ranging from 6.8 m to 8.2 m as secn in November and June,
representing the minimum and maximum valucs (Fig. 22).

pH was in the alkaline range except during October and November when it was 6.9 and 6.8 units
respectively. A maximum of 7.5 units was scen in February which then fell down to 7 units in April
and May (Fig. 23).

Conductivity also did not follow any particular paticrn. In July only 31.22 pmho/cm was seen to
occur which incrcased considerably in the subsequent months to 84 pmho/cm in February. From
March, lesser valucs were obtained fluctuating between 59 and 75 pmho/cm (Fig. 23).

The range ol dissolved oxygen obtained from the annual cycle reading revealed that the content was
as high as 8 mg/l in certain months, like August and November but the values went down to 3 mg/l
in Scptember. No trend was observed scasonally (Fig. 23).

The free carbondioxide content was 4.2 mg/l in the beginning of the study period which went
down to 4 mg/l in August but incrcascd upto 8.6 mg/l in October. November again recorded a low
content (4.2 mg/1). A maximum of 14 mg/l was scen in March, when it subscquently rose and fell
(Fig. 23).

Only 10 mg/l in January rccorded as the minimum lor the total alkalinity content in this station,

But a record of 48 mg/l was scen 1o occur in March which was the maximum content for this station
(Fig. 23).

Station V

Minimum tecmperature recorded in this station was in the month of December (10 C and 9.5°C) for
both air and water tempcerature respectrvely. However, the maximum tcmperature was scen to be 25°C
and 23°C as rccorded in the months ol Scptember lor both the factors (Fig. 22).
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Dcpth maintaincd almost a constant value from Scptember to March (17 cm to 18.5 cm) but a
maximum depth was obscrved in July (25 cm) (Fig. 22).

The range of fluctuation in width was ncgligible, the minimum being 5 m and maximum 6 m.
The former was obtained in the month of October and the latter was in February (Fig. 22).

In July the pH value was only 6.8 when a definite increase of the valucs were observed during the
following months. 7 units rccorded in January, maintained in February and again lowered down to 6.9
units in March. 7.3 units thc maximum for the entirc annual cycle recorded from May onwards upto
the end of the investigation pecriod (Fig. 23).

The next factor conductivity was scen 10 bc minimum in the month of January (36.19 umho/cm).
The maximum conductivity value was as high as 84 pmho/cm recorded in April which remained high
in the subscquent months. The first fcw months of the previous cycle had lesser values (Fig. 23).

The dissolved oxygen valucs fluctuated from 2 mg/l, to 9.6 mg/l. These valucs were moderately
high from 7.2 to 8.6 mg/l in thc months of July - Novembcer, but a sudden drop in the values till 2
mg/l was observed in March. Thercafter, a slight rise and fall around 4 mg/l was observed (Fig. 23).

In the first eight months of the annual cycle studicd, the free carbondioxide content oscillated
between 3 and 7 mg/l. The valuc of 10 mg/l was scen in March which again fcll down to 8 mg/l
during April and May (o reach the maximum in June (12 mg/1) and again in August (Fig. 23).

The last factor total alkalinity ranged between 36 mg/l and 47 mg/l during the carlier months of
the investigation pcriod. But from March the valucs increascd uplo 60 mg/l as recorded in April and
May as maximum. This higher tendency of valucs continucd in the subscquent months (Fig. 23;.

Age-Class Distribution

In addition to the gcneral population analysis of the Chironomid larvae at generic lcvels, it was
felt best to analyse genus Chironomus in greater detail. This was donc by grouping the larvae into
four different stages bascd on their length measurcments and some morphological characters. Based on
this, a percentage composition of thesc dillcrent stages werce scen for their abundance over the seasons
in the present investigation.

These length groups are characterized and related to the age of the larvae. Such age-group analysis
have also been donc by Pleskot (1958) and Macan (1970). Moreover, this has an added advantage since
the fourth stage is supposed to be the pre-pupal stage, after which emergence takes place. In the
present investigation the four dilfcrent age groups have becn grouped as below :

The first stage were the newly hatched larvae, which were pale grey coloured or whitish with a
large head, the length was about 0.8 mm to a littlc below than 1.5 mm. The body segments were not
very distinct and the prolegs short but armed with claws.

The second stage ranged between 1.5 mm and 5 mm. The body was much more proportionate,
head with eyc-spots and mandibles slightly blackened. Colour of the larvae was pink.

The third stage larvae ranged from S to 10 mm. They were bright red in colour and the lateral
blood gills well developed.
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The last or the fourth stage, were the mature larvac from 10 mm upwards. The characteristic
featurc wcre the swelling of the thoracic segments and in particular the first and second thoracic
scgments. The colour of the larvae was dcep to dark red.

UMKHRAH STREAM
Station I

In July, during the first month of the study period the 3rd stage larvac were dominant with 55%,
while in August both 3rd and 4th stages were abundant revealing 46.9% and 43.7% respectively. At
the same time stage 2 was present with a very low percentage (9.4%). In September, stages 1 and 2
were absent, but stage 4 constituted thc major fraction (75%) of the population. October recorded
maximum percentage of stage 2 (53.3%) followed by stages 4 and 3. In November and December, all
the four stages were present, though with minor population. January again rccorded maximum
percentage of stage 4 (64%), while stages 2 and 3 were also present but in smaller proportions. Stage
1 present in February and March, was with a very negligible proportion (2% and 3.2%), whercas the
other three stages werc present in appreciable proportions. In April and May, however, only stages 3
and 4 were available, cqually proportional, but in Junc the density of stage 4 incrcased to 77.8%,
when stage 3 remaincd at 22.2%. During this month stages 1 and 2 were absent. In July stage 2
rcappcared with a considcrable percentage, equal 1o stage 3 (41.7%). The month of August of the next
cycle was characlerized by an abundance of stage 3 larvac (66.6%), while stage 2 rccorded only 33.3%
and 1 and 4 were totally absent (Fig. 24).

No dcfinite trend of fluctuation was scen in the stages of 1 and 2. However, an increase in the
autumn and summer months was observed in case of stages 3 and 4.

Station II

It revealed, at this station, that, during July there was a dominance of stage 3 followed by stages 2
and 4. In August again stage 3 constitutcd the larger proportion (75%) and stages 1 and 2 were absent.
Scptember was characterised by the presence of all the four stages but still stage 3 populations were
larger (50%). Stages 1 and 2 were once again absent in October, while 64.3% was recorded for stage 3
larvac. In November, stage 1 was abundant, forming 50% of the total population followed by stage 2
(29.2%), whilc in December stage 3 showed a definite incrcasc over the other stages (50%). A rise in
percentage was secn from stages 1 to 4 in January, with the following months of February and March
having a dominance of stage 3 (44% and 60.2%). During April and May slagc 4 were more recording
45.6% and 60% respectively. In Junc and July stage 3 continued to be the important group with
66.7% and 52.4% respectively. Stage 1 was totally absent at this station for three months May, June
and July, while stage 2 was abscnt in May, June and August. The last month of the study period,
August was characterized by the dominance of stage 4(65.2%). A similar trend of fluctuation as in
station I was also obscrved here, in general for all the stages (Fig. 24).

Station 111

This station rcvealed that in July and August, stage 4 larvac werc dominant with 52.5% and 60%
respectively, whilc the other stages though present, were in Iesser proportions. But in Scptember a
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rcversce condition was obscrved, in that stage 1 and 2 were more (45.8%). Oclober exhibited an
abundancc of stage 3 larvac (53.3%), whercas in November and December it was characterized by the
dominance of stage 2 (51.8%) and 1 (40.8%). In January and Fcbruary stages 3 and 4 were more, bul
in May and April stages 2 and 4 werc almost cqual in their percentages. Stage 1 larvae were not
recorded in April and May. Stage 3 larvac were obscrved during May and June to be maximum with
50% and 37.9% respectively, followed by the dominance of stage 4 (57.6% and 40%) in the last two
months. Thcse months, though, had other stages, were not very significant. A similar summer-
autumn maximum for the 3rd and 4th stages were obscrved here (Fig. 24).

Station IV

The stage group analysis for Chironomus at this station showed that in July a preponderance of
stage 4 larvae (45.5%) followed by stage 3 (39.4%) was obscrved. In August and Scptember stages 1
and 2 wcrc more, although other groups were present, while in October stage 2 was dominant
(47.7%). In November, stage 3 dominated the other groups but stage 1 represented more in the
following months of December, when stages 3 and 4 were almost cqual in percentage occurrence. In
January it was stagc 1 (32.9%) and in Fcbruary stage 4 (44.6%), which were in higher densitics.
March and April recorded again higher percenlages for stage 4 larvac, but stages 2 and 3 were also
present with modcrately high percentages. An increase in the stage 3 larvac was scen in the next
month rccording 40% whilc the other populations were with only 20% each. This was followed by an
incrcasc in stage 4 larvac in Junc. July and August were characterized as maximum percentages for
stage 2 (35%) and stage 1 (40%) respectively. At this slation there seemed o be a definite rise in the
stages 1 and 2 during the autumn months, and stages 3 and 4 were much less than in other stations
(I'ig. 24).

Station V

July and August at this station showed stages 4 and 2 as major fractions of the populations
respectively. LaFvac belonging to stage group 3 were dominant in both the months of Scptember and
October, followed by stage 4. In November, stage 1 recorded 33.3% and in December stage 2 had
33.7% which were dominant. In January and February all the stages constituted modcratcly high
population percentages, though stage 2 (39.8%) and stage 4 (46.7%) rcpresented more. Stage 4
remaincd maximum in the next two months also, while in May the percentage of stage 2 larvac
(39.2%) was high. Junc and July were characterized by the population density (47.7% and 51.3%) of
stage 3 larvac. Junc was marked [or the absence ol stage 1 larvac. In August, stage 1 larvac not only
rcappearcd but revealed a maximum of 50%, lollowed by stage 2 (39.2%), which constituted the major
fraction ol the population. No general trend ol fTuctuation was observed at this station (Fig. 24).

UMSHIRPI STREAM

Station 1

At this station the stage 1 larvac which was the maximum in thc month of July (75%) at the
beginning of the investigation period fell subscquently in the next month (57.1%), but still
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comprising thc maximum portion. Stage 4 were absent during both the months. 50% of the total
population belonged to stage 3 larvac in Scptember. 71 October stage 4 (42.8.%) was maximum. In
November a steady incrcasc of the stage 3 population (56.4%), while in December and January by
stage 4 rccording 56.4% and 64.31%. February was marked not only for the dominance of stage 4
(55%) but also the minimum percentage of 5% for stage 2 was obscrved. Stage 1 larvac were absent
for thrcc months from Fcbruary to April. March showed a dominance of stage 3 recording a high
percentage of 50%, of the total population. Stage 2 dominated in April, May and June, the
percentages being 66.7%, 40% and 58.7%.xespectively. June did not record any larvac of stage 1 but
in July a pcak population of 60.9% of stage 1 was sccn. This was followed in the next month of
August by stage 2 recording 42.4%. Stage 4 in both the months of July and August of the next cycle
were minimum. A trend of winter maxima for stages 3 and 4 were obscrved with a summer-rainy
maxima for 1 and 2 stages (Fig. 25).

Station II

This station was marked by the major dominance of stage 1 larvac in the [irst two months of the
annual cycle. Like station 1, stage 4 was absent in July and present only with 10% in August.
Abscnce of stage 1 was seen in September and Oclober, while it formed, a maximum in November
(36.4%). Stages 3 and 4 were, however, dominant in September and October with 50% and 57.1%
respectively. In December the percentage of all the four glagcs were between 18.5% and 29.6%. A
considerable increase of population of stage 4 (73.3%) was scen in January, which formed the
maximum in February also, though the percentage reduced to 57.1%. 54.8% and 30.9% of stages 2
and 3 respectively were present in March lollowed by the dominance of only stage 3 (80%) in the next
month. No stage 1 larvac were scen in April. A considerable incrcase of percentage of stage 4 (54.5%
and 85%) was again noticed in May and Junc and stages 1 and 2 were not recorded in June. Again in
July and August a complcte dominance of stage 1 larvac was scen recording 57.1% and 43.8%
respectiyely. A similar summer maxima for 1 and 2 stages were obscrved here (Fig. 25).

Station lll

The stage group analysis for the genus Chironomus at this station followed the same pattern like
the lirst two stations. A dominance of stage 1 followed by stage 2 group was scen as 42.4% and
45.7% in July and August respectively. This was succeeded by stages 3 and 4 in the next two months.
During November and Dccember it was stage 3 again with 39.7% and 30.8% in the respective
months, which showed the maximam of the totai although other siages were also present with
considerable pereentages. In January, stage 3 dominated the other stages (38.7%) and those belonging
o stage 4 also wcre rcasonably high (34.8%). Stage 4 incrcased steadily in the next month upto
42.1% but in March, dominance was sccn by stages 2 and 4, 29.4% in both cascs. In April 80% of
the population was of stage 3 larvac, whercas stages 2 and 4 were absent from the system. It was
stage 3 which again dominated in May (45.4%). In Junc stages 2 and 3 had high densitics of 41.2%
and 35.3% respectively, followed by a gradual fall in percentage in the subscquent months. July and
August were dominated by Stage 1 (60%) and stage 2 (42.5%) respectively, whercas larvac belonging
to stage 4 were minimum in those two months. No definite trend was obscrved (Fig. 25).
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Station IV

Abundance patterns of the four different stages in station IV showed that stage 1 formed the
maximum portion of the total population in July and August (60% and 50%), which subsequently fell
in the next two months, but again dominated the other stages in November (37.5%). Stage 3 larvae
were seen o be more in Scptecmber (39.6%) whereas 45.6% of the density was of stage 4 larvae in
October. A steady increase of stage 3 larvac from 31.9% to 41.5% was witnessed in December but the
percentage fecll in the next month, when again stage 1 took over and was dominant (32%). In
February, March and April stage 4 continucd to be the dominant group recording 42.4%, 42.2% and
68.8%, in the respective months. Stage 1 disappeared {rom the systcm in April and reappeared again
in June with only 9.4%, but thercaftcr rose stcadily in the subscquent months forming greater
fractions (36.7% and 40.5%) of the total population. Stage 2 was absent in the month of April but
constituted a modcrate percentage in May (6.4%) where again stage 3 dominated (45.4%), which
continued to be the major group in June (46.9%). The last two months were replaced by stage 1 as
dominants. Late winter maxima was observed for stage 3 and 4 (Fig. 25).

Station V

It was observed that during the first month of the study period, stage 1 larvae were dominant
(55.9%), which stcadily decrcased in the subscquent months. Stage 2 which was dominant in August
(47.7%) maintained almost a good percentage of population in Scptember and October and again
formed the maximum (36.8%) in November, December (41.2%) and January (39.8%). October
rccorded the maximum population of stage 4 (37.9%), which fell in the following months. Stage 3
larvae represented more in September (34.5%), which dccreased gradually in the subsequent months
upto 9% in February. In February on the other hand stage 4 was dominant (44.6%), which continued
to be so in March (46.7%). In April and May stage 3 larvae were preponderant with 48.4% and 46.9%
respectively. Both stages 2 and 3 wcre equally represented in June with 38.5% whereas stage 1 was
absent. However, stage 1 larvae reappearcd in July with a very high percentage (70%) and still
continucd to be the major group in August (53.4%) also. The summer-rainy maxima for stage 1 and 2
was obscrved (Fig. 25).

Emergence Studies

As Lrapping began, a steady increase in numbcers of the total adults captured were seen in the first
cight days of June when the population touched 41 individuals. This, thereafter, fluctuated around 30
to reach a peak of 54 on the 22nd day of June, which, thereafter, fell drastically on the 28th day. The
next day in the same month 60 individuals werc recorded, which incidentally is also the highest catch
throughout the emcrgence period of this investigation. Beginning July, till the end of the period the
numbers were far less and in most of the cases were in single digits (Fig. 26).

When a breakup of the males and fecmalces of this adult population wcre seen for their seasonal
emergence pattern, a general mirror image of cmergence was observed between the males and females,
at least during the peak periods ol cmergence. In most cascs the females cmerging were much more
than the males except probably in the first fcw days and last few days of June. Peak pcriods of
emergence in fcmales werc scen in the first, sccond and third week of June with a similar pattern in
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July recording 26, 36 and 17 respectively. In the month of August, during the third week a peak was

observed for these females of 16 individuals, though the magnitude was far less than in the previous
months (Fig. 26).

Similar peaks for the males were seen in the first, third and fourth week of June and similarly in

July recording 24, 18 and 44 individuals. In the next two months, however, the population densities
of these males were less (Fig. 26).

Fig. 26
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Fig. 26. Showing the number of adults, male and female emerging perday of the genus Chironomous
during the emergence period, June to September.

DISCUSSION
Lentic Systems

In the present investigation among the two lentic systems it was seen that Chironomid
populations, irrespective of the genera had maximum densities of 1500 larvae/m2. This figure seems
to be low for a tropical situation. More so, when compared to some temperate or sub-tropical
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situations, where densitics reported per sq. m are 10,000 or more (Peterson and Fernando, 1970;
Jonasson, 1972). Since both the Ientic systems were situated at a low altitude, they should have had a
greater population density, but without comparative ligurcs for the north-cast it is difficult to attribute
anything specific other than our own work. The paucity of Chironomid population for Indian
conditions, however, have been shown by Michacl (1964) and Alfred (1973a), cven at latitudes with
higher temperatures. The concept that populations which occur in small lakes regardless of latitude are
partially relatcd 1o high temperature also cxist (Schindler and Holmgren, 1971; Schindler, 1971).
Howcver, as far as the occurrences of the specics, it was scen that the present lentic systems offered a
greater varicty cven at generic levels where nearly six gencra were recorded in contrast to only five
species in South India (Alfred, 1973a). The one notable feature was the total absence of the genus
Chironomus in all the stations undcrtaken. However, the genus 7anypus was scen to dominate at all
the stations except ong, the fourth station. Further, among the two gencra, Clinotanypus and Tanypus
undcr Tanypodinac, there was a clear alteration scasonally in their abundances, Even when one
occurred throughout, yet the density fuctuations were lower during the occurrenees of the other, as in
the present investigation at station I (Table II). Such a niche diffcrentiation either for space or food,
and possibly controtled by temperature, clcarly secn between the two genera Clinotanypus and
Tanypus, of the sub-family Tanypodi'nuc, was not obvious for the genera under the sub-family
Chironominac. The four genera Polypedilum, arnischia, Dicrotendipes and Cladotanytarsus of the
sub-family Chironominae, though did not occur always in all the stations but whenever they occurred
it was scen that they always synchronized with the occurrence of Clinotanypus. Generally, therefore,
from the present investigation it can be seen that Clinotanypus and all the genera of Chironominae
loltowed a winter maxima and summer minima, with Tanypus showing just the reverse. However, as
a rclative abundance, it was scen that the sub-family Chironominac, whencver they occurred with
Tanypodinac the lormer were much more. This is very obvious from the present investigation as scen
in Fig. 15. Henee, on a broader catcgorization, Tanypodinac revealed a summer maxima, while
Chironominac a winter maxima, their occurrences altermating with cach other.

In the present investigation, since the categorization uplo specics level was not possible, the
characterization ol habitat ol this lentic system has been primarily donce on the diagnostic characters of
the genus. In cerwain cases such characterization is cnough (Fittkau, 1968), though preferably species
diffcrention is morc idcal for understanding, ccological diffcrentiation. Even at this level, it was secn
that as onc traverscd from stations I to 1V, there was an incrcasing productivity, indicative of the
cutrophic status ol the lakes, rcpresented by the low numbers of Tanypodinae, with an incrcase in
Chironominac. The validity of such Chironomid communitics as indicators of trophic level has been
shown by Brundin (1956). This lakc typology foundcd only on Chironomidac is now rccognized as a
worldwide validity. However, it was scen that larval population densitics of the summer gencerations,
and in large the genus Tanypus, were much more in density than the overwintering gencrations of the
gencra ol Chironominac.

This could probably be due to the fact, that density dependence alone cannot only lead to patterns
of stable cyclic oscillations but also to irrcgular fluctuations. As scen in the present investigation
they can be identified in the populations which were discrete and non-overlapping, without any delay
in the dynamical behaviour of the genera under consideration (May and Oster, 1976). The occurrence
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of Tanypodinae and Chironominae in discrcte niches, as it were,had become pronounced within the
Jake divisions as stations I to IV, since it is known that spatial and temporal division will be more
‘pronounced and advantageous in a patchy environment and less marked in an uniform habitat. This
aspect is very well documented in the present study as there werc considerable diffcrcr!ccs in the
gencric composition of the Chironomid populations. A greater varicty was scen at stations I and III,
followed by IV and the least station II. This may be in part due to the availability of food sources
influencing the density available at the littoral and proflundal arcas. However, due to factors like low
mortality, sporadic occurrences and increase of populations, synchronized to scasonality, indicate that
density independent factors may be responsible for limiting Chironomid population in this lentic
system than density dependent effects.

To identify and confirm this aspect, it was seen from the present investigation, that of the nine
physico-chemical parameters undertaken, all but one had a more or lcss summer maxima and winter
minima. The reverse was observed only in the casc of dissolved oxygen. A simple observation would
thercfore indicate that the genus Tanypus was primarily dependent on all these factors for its density
buildup in contrast to Clinotanypus which required higher levels of oxygen for its sustenance.
However, the genera under Chironominae also preferred higher oxygen values in comparison to other
physico-chemical factors probably reflecting the Oligotrophic nature of the system in general.
However, the genus Chironomus, representative of eutrophication, was totally absent.

This, however, does not refer-to watcr per se but to waters in their manifold forms which produce
such biotopes. Therefore, the present investigation of the physico-chemical paramcters were done to
clucidate and identify the resulling patterns of observations which would probably influence the
population dynamics of benthic organisms, and in this case, Chironomids. Works on Indian
Limnology have made the sccne only in the last three decades. Of these, the facuna is all the more felt
for benthos in freshwater biotopes. However, works throughout the world in this field have helped us
to a large cxtent to take cognizance of the prioritics even with the handicap of essential facilities. Of
the nine physico-chemical factors undertaken the atmospheric temperature was secn o play a direct
effcct on the surface water temperature in that it usually followcd closely behind that of atmospheric
tempcraturc with a fcw exceptions (Fig. 18). The annual range of variation in the surface temperature
revealed that gencra of chironemidac encountered were subjected to fluctuation ranging between 13.5°
C and 28° C at all the four stations. This range, indicative of a lower minimum temperature for
tropics, however, maintained the uniformity of thermal conditions with very little drastic fluctuations
throughout the year (Fig. 18). This uniformity of temperature variations, though on the higher side,
has been pointed out by many ecarlier workers for tropical water bodies (Michael, 1964; Sumitra,
1969; Bernice, 1970; Royan, 1972; Alfred, 1973a). It may, however, be mentioned that diurnal
variations in temperature especially in shallow environments arec wide, again documented by these
workers. This may probably control the behavioural pattern of Chironomids, when they are known to
be confined in their mud tubes at the cool bottom with incrcase in surface temperatures (Rzoska,
1961; Weir, 1969). Ganapati (1960) has observed that thermal gradations were more stable in tropics
from his work on the tropical waters of South India as it co-ordinated with changes in the density of
these waters. This may, therefore, be applicd also in the present situation where the lentic system
possessed a large arca with relatively shallow depth.
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The depth in this system never reached three metres at any station, indicating the shallowness of
the system. The range for stations I to III was between 35 cm and 183 cm, while station IV the
deepest station, ranged between 217 cm and 267 cm. Inspite of the shallowness the actual range of
variation at the four stations were 85 cm, 69 cm, 65 cm and 50 cm. This indicate in the first three
stations, that this range of variation was nearly 50% or more of thc maximum dcpth, indicative of
specific ecophysical conditions at these stations. For comparison very littlec informations is available
on these aspects for tropical specics. Tropics in gencral are known to control their water levels
primarily on thc amount of rainfall. The present system located in a gecographical area of high rainfall
was;indicative of this phenomenon in that the maximum depth was found during the rainy season and
the lowest was during winter months. It is known that the water Ievel goes down at lower latitudes
due to increase in temperaturc in thc summcr months, However, in the present system since the
rainfall cxtends to a larger part of the ycar, inclusive of summer months, the lowering of the water
levels during winter is partially due to the incrcasing photopcriod. Winter, therefore, are the months,
when with cloudless sky, the cvaporation that has (o take place does so at that time. moreover, the
surface runoff after the rains due to the mountainous character of the region aids in larger percolation
of water duc to seepage observed clearly during the winter. Atkins and Harris (1924) and Ganapati
(1962) have reported a direct relationship of depth to various physico-chemical factors as is also
obvious from the present investigation. This group of animals, though found at various depths,
beginning from the shore margins of the lentic systems, Chironomid beds could be observed even at
depths of 10 cm. The reason for such occurrcnce in marginal shallows are not quitc known though
reported earlier (Alfred, 1973a) and probably attributed to a positivcly phototactic nature as for most
anostracans (Bemice, 1970) and conchostracans (Royan, 1972).

The next factor transparency which is effected duc to silting, microscopic organisms and suspended
organic mattcr (McCombic, 1953; Bamforth, 1958) in this lentic systcm was seen to range betwecn
26 cm and 80 cm indicative of wide fluctuations. The range of variation at each station was observed
to be 20 cm, 42 cm, 48 cm and 32 cm again showing a 50% variation from its minimum or
maximum records in transparency also. This faclor in the first thrce stations showed a drop in the
summer-rainy seasons and highcr values just after the rains and the beginning of winter. Station 1V,
however, followed a pattcrn in the reversc and probably explained by the fact that this was the deepest
portion, affected only to a lower extent because of rains and probably more due to turnover. In any
case, rainfall as a chicf source of turbidity in waters is of overriding importance. Morcover, abundance
of the plankton composition and dctritus also affects transparency particularly in tropical situations
(Roy, 1955; Michael, 1964; Krishnamurthy and Viswaswara, 1965; Sumitra, 1969). These factors,
though not analyzcd in the present investigation, are probably true only in cutrophic conditions, as
has been indicated for Chironomid populations and transparency by Alfred (1973a). Therecfore,
precipitation could have both beneficial and dewrimental cffects in lake systems, and in particular, on
poorly buffcred oncs as in the present investigation (Dillon et. al., 1978; Thapa, 1982).

pH as the next factor was mostly scen to be on the neutral side. However, the buffering capability
in this system, and at all the stations, revcaled a very marked nature as the values oscillated around 7
units. The rangc of variation was between 0.5 unit and 1 unit. Such narrow range of fluctuations have
been recorded carlier both in temperate and in tropical water bodies (Jenkins, 1932; Kato, 1941;
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Ganapati, 1941; Moorc, 1952; Tucker, 1958; Henson et. al., 1961; Michacl, 1964; Sreenivasan,
1964b; George, 1966; Alfred, 1973a; Thapa, 1982), The water remaining neutral or slightly acidic
indicates oligotrophic naturc of the sysicm pointing 1o a greater varicty of species. This is probably
true for the density of autotrophs, as when there is an accumulation of carbondioxide there is lowering
of pH. Both these trends were cvident in the present study. This ncutrality of the pH and the slight
acidic nature may be attributed to inflow and surface runolT on lcaf litter which is mostly acidic, In the
present investigation rainfall also scemed to play a role in the increasing nature of pH probably
allowing for casicr buffcring during such scasons than at other times.

Specific conductivity as a factor is usually scen as another indicator for asscssing the trophic status
of the lake. The present investigation showed the values ranging between 14 and 60 pmho/cm,
indicative of very low specific conductance and thercfore again of the oligotrophic nature of the
system. Comparisons ol this factor with other tropical water bodics do show this range, for the
present investigation 1o be indicative ol ultra-oligotrophic situations as rccords indicated that tropical
watcr bodics arc always in terms of thousands ol pmho/cm (Alfred, 1973a).

Dissolved oxygen in this system was obscrved to be indicative ol well oxygenated conditions, the
valucs ranging between 5 and 10 mg/l approximalcly. The annual range, however, was around 4.5
mg/1 for all the stations. These oxygen levels arc much higher when compared 1o other tropical ponds
(Michacl, 1964; Sumitra, 1969; Bernice, 1970; Royan, 1972). Howcver, when compared to similar
gcographical arcas, as shown for larger bodics ol waler or reservoirs (Allred, 1973a), the possibility of
higher valucs may be duc to the open naturc of the sysicm exposcd to the action of wind, maintaining
adcquate levels of oxygen. Further, it is common knowledge that abundance of phytoplankton
population lcads to incrcasc in oxygen content duc to photosynthetic activity (Roy, 1955; George,
1961; Michacl, 1964; Thapa, 1982), but there is no dircct evidence in the present studics to confirm
these findings, This onc [lactor having a winter maxima and summer minima is obvious and
understandable as the primordial agencics of photosynthesis depends on the light cnergy and the
cflicicncy of conversion of this cnergy. The levels further indicate, as scen for other factors, the
system as a wholc is oligotrophic.

The free carbondioxide in waters form usually carbonic acid resulting a change in pH. The usual
summer maxima and winter minima in the present system could probably be attributed to the fact that
acidic waters at lower temperature can rcleasc this gas laster and simultancous uptake due to the
growth rate of phytoplankton at the surface layers. The range ol (Tuctuation indicated by a minimum
ol 2.6 mg/l and maximum of 18 mg/l irrespective ol the stations clearly indicate a very low value. It
is possible that the buffering nature of the pH has helped 1o a large extent the maintenance of these
valucs which is definitely much lower than in tropical situations as indicated by workers, as shown
for other factors.

Alkalinity of Calcium Carbonatc precipitate in any lake metabolism studics is important. The
accumulation of large quantitics ol bicarbonate during summer summer indicated by the higher valucs
ol alkalinity as rccorded in the present investigation was probably duc to the liberation of
carbondioxide in the process of decomposition of bottom deposits. This results in the conversion of
msoluble 10n ol calcium into soluble bicarbonates, This was very true in the present study as increase



TABLE V

Co-efficient correlation table, showing the relationship of the physico-chemical factors and the two sub-
families Tanypodinae and Chironominae in the two lentic systems

Stin.

Sub-family

A. Temp. W. Temp. W. Level Trans. pH ‘Cond. DO, FCO, T. Alk.

Tanypodinac 0.329 0.338 0.585*  (-) 0.123  (-) 0.203 0.152 (-) 0.556* 0.681** 0.291
I

Chironominac (=) 0329 (=) 0.338 () 0.585* 0.123 0.203  (-) 0.152 0.556* (=) 0.681** (=) 0.291

Tanypodinac 0.240 (=) 0.012 0.171 (=) 0.506* 0.454 (-) 0.170 (-) 0.270 0.196 0.320
Il :

Chironominae (=) 0.239 0.012 (=) 0171 0.506* (-) 0.454 0.175 0.269 (=) 0.196 (=) 0.320

Tanypodinac 0.128 0.151 (=) 0.013 (=) 0.225 0.071 (=) 0.152  (-) 0.430 0.170 (-) 0.152
11

Chironeminaec (=) 0.239 (=) 0.264 0.316 0.345 (-) 0.171] 0.005 0.380 (-) 0.090 (=) 0.148

Tanypodinae (-) 0129  (-) 0.173 (<) 0.181 (=) 0.029 (=) 0.095 (=) 0.110 (-) 0.289 (-) 0.066 (-) 0.142
v

Chironominac (=) 0.232  (-) 0.181 (=) 0331 () 0.283 (=) 0.124  (-) 0.037 (-) 0.440 (-) 0.363 (-) 0.459

*p < 0.05 **p < 0.01

Stn. - Station

W. Temp. - Water Temperature

W. Level — Water Level
Trans. — Transparency

Cond. - Conductivity

DO»> - Dissolved oxygen

FCO; ~ Free Carbondioxide

T. Alk. — Total Alkalinity
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in carbondioxide also increased alkalinity (Ruttner, 1953; Thapa, 1982). This system was, however,
in contrast to the usual tropical situation where the normal carbonates are also present (Michael,
1964; Sumitra, 1969; Alfred, 1973a). The values ranging between 25 and 45 mg/1 in station 1 to III
and between 7 and 38 mg/1 but mostly around 15 mg/1 in station IV indicate much lower levels in
comparison to systems in the tropics. Once again this confirms that thc system is oligotrophic,
enabling a larger diversity of organisms rather than the risc and fall of onc or two cutrophic species.
The present system having low or modcrate alkalinity is indicative of a chemical thermodynamic
approach for describing any solution phase composition (Davics, 1962; Nancollas, 1966).

On analysis of the results of the physico-chemical factors, it was seen that the sub-family
Tanypodinae allowed its two genera Tanypus and Clinotanypus to utilize the maximum benefit of the
whole system as it were. The physico-chemical factors do scem to play a role in not only reflecting
the oligotrophic nature of the systcm but also the buildup of the different genera in their densities, in
relation to the turbulence of the sediments, reducing the transparency of the water and thercby possibly
hindering light penctration and subscquent prevention of algal growth. Hence, all the genera of
Chironominae and Clinotanypus abound at situations when the factors are optimum and possibly with
increased rate of food availability. By in built reproductive potential they were possibly able to
complete their lifc cycle within a given period to rcappear only when conditions were favourable. The
genus Tanypus having a summer maxima was probably able to thrive at lower oxygen lcvels but with
increased values of other factors which maintain that type of {ood and in this case prey, as the genus
Tanypus is generally known to be a camivore.

On a gencral analysis to elucidate the cffect of the physico-chemical factors on the sub-families
Tanypodinaec and Chironominae, a correlation coefficicnt analysis was performed (Table V). There
secmed to be no cffect dircctly at all on these two sub-familics at stations III and IV. At station II,
transparency was negatively significant at 5% level, with Tanypodinae and positive with
Chironominae. In station I, however, water level and free carbondioxide were positively significant
with Tanypodinae and ncgative with Chironominae, the former factor at 5% lcvel and the latter at 1%
level, while dissolved oxygen was just the reverse but significant at 5% level. This, however, does
not give a true picturc as the gencra were upheld together, not indicative, of which factor plays a
control. It does indicatc, however, that physico-chemical factors do play some role in regulating the
population of Chironomids, but a dctailed work on individual factors and specics would throw light
into the understanding ol Chironomid communitics. The lentic systcms studies, however, seem to be
influcnced to a large extent by the biotic interactions also and the detailed study of these would help in
the complete understanding of those intricatc relationships that cxist in such oligotrophic systems
maintaining dynamic cquilibrium.

Lotic Systems

In contrast to the population dynamics of Chironomid larvac in lentic systems and their inter-
relationships with the physico-chemical factors indicative of a greater varicty and a general
oligotrophic naturc, the lotic sysiems undertaken for the present investigation revealed a lesser
diversily and a different composition. On a general analysis of the two lotic systems, it can be seen,
that for grcater length of the Umshirpi Stream, the occurrence of the genus Chironomus in larger
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quantitics was obvious than in Umkhrah Swream. This dcfinitcly reflects the trophic status of these
streams, in that, Umkhrah Stream not only had fewer gencra but also the genus Chironomus
dominated at all the stations except station I, the headwaters, where Brillia occurred in larger
quantities. Though it was true for Umshirpi Stream also, except that at the station I, in addition to the
domination of Brillia and Chironomus, four other gencra were also present in substantial quantities
over the seasons. The pollution load in a lotic system is usually indicative of the abundance of the
genus Chironomus (Thienecmann, 1954; Gaufin, 1958; Hynes, 1960; Hawkes, 1962, 1963; Learner
and Edwards, 1966; Hawkes and Davies, 1971 and Gover and Buckland, 1978).

As seen in the present investigalion, the tendency for the increase in the load of pollution, though
primarily from houschold wastes and probably siltation, is observed from station III onwards till
station V. In fact these last three stations in Umshirpi had only the genus Chironomus present and in
Umkhrah three other genera though present at station 111 occurred only one to three times with the last
two stations IV and V of the same systcm rccording only the genus Chironomus. However, the
occurrence of four to six genera in both these lotic systems is indicative of the paucity of the
Chironomid diversity. One does not have comparative data under similar situations of the tropics and
especially for Indian conditions, though it is a fact that temperate waters at similar latitudes and
altitudes have a higher specics richness (Hynes, 1970; Peter, 1970; Bishop, 1973).

On an individual analysis of the stream systems undcrtaken it was seen that in Umkhrah system
though three to four genera wcre present in first three stations comprising of Chironomus,
Anatopynia, Pentaneura and Brillia, except for Chironomus in all the stations and Brillia in first two
stations Anatopynia, Pentaneura and Tanypus in whichever stations they occurred, were recorded only
once or twice throughout the study period. The genus Brillia revealed a summer maxima with
tendencies of decrcase in winter at stations I and II, where they occurred throughout the period of study
and at station I1I, even though, they occurred only once they did so in the summer months of June
with large numbcrs. In contrast to this, the genus Chironomus had maximal peaks in the winter
months with smaller abundances during late spring or early summer. This aspect of a bimodal peak of
the genus Chironomus could probably be attributcd to different species under the same genus
Chironomus, which for lack of litcrature, the present work was confined to generic levels. In addition
to these observations for the genus Chironomus, it was seen, that from stations I to V there was an
increasing density with the highest of 11.947 nos/m? recorded in the V and the last station (Table III).

In the next lotic system, which was Umshirpi strcam, therc was dcfinitcly a larger varicty of the
Chironomid larvae at least in the first two stations. Moreover, of the six genera Calopsectra,
Tanypus, Anatopynia and Pentaneura, unlike the Umkhrah stream occurred for longer periods of the
investigation in addition to the occurrence of the genus Chironomus and Brillia throughout. The
fluctuating trend in the population dynamics of these two genera, Chironomus and Brillia, followed a
more or less similar patiecrn as for the other lotic system. Brillia, however, had the peak slightly
shifted to early winter while Chironomus revealed the bimodal peak, one in winter and the other in
summer. Further, the increasing tendency of the abundance of the genus Chironomus from station I to
V was also scen in the present system though not in quantities as significant as in the Umkhrah
stream.
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The genus Calopsectra occurred throughout the period of investigation at station I and revealed
abundances in winter, though smaller pcaks were also secn in late autumn. Though this genus did not
occur during the late spring and early summoer at station II, the trend of fluctuation was similar to that
of station 1. Tanypus, Anatopynia and Pentaneura at station I, occurred predominantly during late
autumn, throughout winter and early spring, with their pcaks of abundances in winter. However, in
station II Tanypus was totally absent and the other two gencra, Anatopynia and Pentaneura occurred
during the late spring and early summer months. As for the other lotic system Umkhrah, the last three
stations were also dominated by the genus Chironomus (Table IV).

The bimodality in the peaks of occurrences in some gencera and the occurrences in some seasons at
one station and at othcr seasons at the next station was again probably indicative of differcnt species
abounding not only in the different ecological niches of the habitat considered, but also the result of
some species occurring at one station and not in the other. This again could not be identified in the
present investigation as the family Chironomidae was trcated only till generic levels and the
populationdynamics trcated as such.

On a higher level, when these genera were clubbed together under different sub-families, it was
seen that in both the systems, they fell into three major sub-familics - Tanypodinae, Orthocladiinae
and Chirononominae. The sub-family Tanypodinae in the Umkhrah stream was ncgligible, while in
Umshirpi they made a slight impact by their larger percentage of occurrence during the month of April
at stations I and II. Otherwisc, this sub-family could be said not to have utilized the ecological niches
available or that conditions do not pcrmit their abundances. However, Orthocladiinae and
Chironominae sub-families followed a mirror image of each other, in that when one was abundant in
the system the other was at its lowest. The general pcak of abundances followed their dominant
genera. This was particularly truc jn the first two stations of both the systcms when they occurred
throughout the investigation period. Their life cyclc patterns were probably adapted to their
occurrences and primarily to a much clearer and unpolluted water at the stations where sub-family
Orthocladiinac was present.

Population studics on aquatic fauna in lotic systems and the interpretation of the data is very often
an arduous task. This is in part due (o the multiplicity of biotic and abiotic factors which control such
populations and the differences in these factors which varics largely and considerably between two
lotic sysicms not only in one region but also separated by geographical distances.

The present lotic system undertaken is different from those occurring from the rest of India as they
pass through conifer forests and ficlds of agriculture as practised by local tribal methods. In addition,
the hill streams in this region experience high spates quite frequent during the monsoons which extend
for the larger part of the yecar. This annual featurc where the fauna of these strcams are subjected to
such spates could possibly have climinated the scnsitive species Icaving behind the more hardy ones.
However, it is also known that the proccss of recolonization is quite rapid in such tropical and
subtropical situations. These aspects had also been shown for a Malayan river by Bishop (1973) and
that spates are known to sclectively limit the diversity of fauna in strcams, and further that certain
species arc better adapted to such spates than others (Harker, 1953); Ali, 1968a, 1968b, 1969; Hynes,
1970; Hart and Brusven, 1976). All these point out to the possible resultant condition of a less varied
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community of Chironomids in the streams undcrtaken for the present investigation which are
definitcly liable to very frequent spate conditions.

The othcer rcason could probably be associated due to deforestation and flash floods, resulting in
increased silting, particularly aftcr a heavy shower, when the otherwise clean streams turn turbid. The
elimination of certain genera, thercfore, resulting in the observed low diversity could probably be the
result of siltation and the filling up of gravel inter spaces by fine particlcs of sand. Such silting being
responsible for a low species diversity even when sand is deposited only at certain times of the year is
known worldwide and specially in South African and Russian rivers (Hynes, 1970). The direct harmful
effect of sand and stone is also known (Mackay and Kalff, 1969; Lucdtke ez.al., 1976; Brusven and
Prather, 1974), and the loss of vegetational cover itself has been identified in reducing the number of
species, having a long-lasting effect (Minshall, 1968). Although it is rather difficult to exactly
quantify thesc above mentioned cffects,due cither to siltation or loss of vegetational cover for studies
as in the present investigation, it may be suggested that such factors could be the plausible causative
agents in restricting the number and variety of Chironomids in the present systems. The nearest to
such an understanding could only be pointed out to the fact, that substrate, from the first station to the
last showing a dcfinitc diffcrence in the diversity of the fauna, as the headwaters representative of
station I and II strewn with larger boulders among smaller pebbles are usually accompanied by a
corresponding increase in the number of genera at both the systems. The lower stations, probably due
to the accumulation of silt and slush creating very little space for diverse genera, was seen (o be
dominated by the only genus Chironomus. Substrate instability is known to be an important factor
controlling the diversity of benthic macroinvertebrates (Hynes, 1970; Macan, 1976) and is likely that
the present strcams too were governed by such factors, though not investigated.

It was, thercfore, felt best to identify the physico-chemical factors as analysed in the present
investigation to be operative [or either the diversity or the abundance of the Chironomid larvae in the
two lotic systcms. The gencral climatic conditions are definitely unique and different in many respects
than that obtaincd for the plains of India. The domination of the conifer Pinus kesiya is itself an
aspect o be reckoned with, as the vegetational composition plays a great role in inland waters
generally and lotic systems in particular, as they traverse through larger arcas having, vegetational
cover. This is responsible for the portion of allochthonous material input into the streams through
leaf fall.

The air temperature recorded for both the systcms ranged between an average of 10 and 25° C
indicative of a considcrablc fluctuation though on lower magnitudes, as compared to other lotic
systems in India and South East Asia where not only higher values are seen but the range of
fluctuation is quite narrow (Venkateswarlu, 1969; Bishop, 1973). The lowering down of temperature
is definitely attributed to the altitude of the study arca (ca 1500 m) as pointed out by Hynes (1970).

The water temperature followed closely behind that of air tcmperature and was true at all the
stations at both the systems. The diffcrence in the water temperature between stations was very less.
Such uniformity of water tcmperature at the various stations in both the lotic systems undertaken is
probably attributed to the fact that these strcams continucd (o recéive groundwater sources all along
their lengths thereby keeping an uniformity in temperature from the headwaters or source, down to the
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mouth. Similar findings also exist in Europe (Beck, 1965). However, at some stations the minimum
temperatures recorded had values lower than that at other stations for the same months and is probably
because of the shaded areas they were at, and not receiving much of direct sunlight. Therefore, wind
and shade could have caused these changes in water temperature (Hynes, 1970).

In lotic systems, the major factor effecting the density of larvac is the water level, measured as
depth in the present investigation. It is further known that Chironomids and most macro-invertebrates
have a depth distribution (Moon, 1935a; Nccdham, and Usinger, 1956). In the present investigation of
both the lotic systems, in the various stations undecrtaken the range of depth was approximately
between 5 and 35 cm. The annual range of dcpth was seen to be in a decreasing ordcr from stations I
to V in both the systems with an exception at stations I and II of thc Umshirpi stream. These annual
ranges have been seen to be between 23 cm and below 1 m, the former for station I, the head-water
and the latter for station V. This is indicative of the fact that there is a wide range of fluctuation for
the head water and the depth or water level probably maintained throughout the year in the last
stations. Rapid flooding may, therefore, bring about a Icsser density of animals collected at fixed place
which on lowering of thc water level of the same areas or corrcsponding areas could lead to a
concentration of animals. This was clearly observed in the present investigation where the abundances
of Chironomid populations irrespective of the genera have been found cither before the rains or after.
Reports also exist on migration of bottom fauna to shallower waters during summer and deeper waters
during winter (Wesenberg-Lund, 1912; Pauly, 1917; Lundbeck, 1926). This last aspect became all the
more clearer when the width of the lotic system was also characterized over the seasons as in the
present investigation. The only diffcrence between depth and width in the present investigation was
that both these factors have reverse effccts as far as the stations situated lower in comparison to those
at higher altitudes especially the headwaters.

The pH values in these two systems at the various stations undertaken were seen to be mostly on
the acidic side. The range of variation was also very low, not only seasonally over the annual cycle
but as well, between the stations. Further, there seems to be no regularity in their fluctuations and
such conditions are known to be prevalcnt in many tropical rivers (Hynes, 1970; Bishop, 1973). The
Chironomid larvae recorded in the present investigation could therclore be attributed as acidophilous
species and probably the genus Chironomus also was made up of species which are acidic adapted in
contrast to the usual character of this genus prevalent in highly alkaline conditions in the tropics,
especially in lower altitudes and latitudes (Al(red, 1973a).

The conductivity valucs likc pH were also very low. However, the values seem to increase
between stations with the highest records obscrved in last few stations of both the lotic systems. This
is understandable because the headwaters change their ionic composition by the diluting effects of rain
which over the Iength of the stream gets stabilized and the load of total dissolved solids increases in
the last stations of IV and V Such ideas have already been suggested and supported by Slack and
Feliz, 1968; Bishop, 1973).

The next factor, dissolved oxygen, as was quitec obvious from the results were high for the initial
stations I and IT and sometimes III for both the systems, with the lowest values and even the lowest
record invariably at station V The formcr aspects of higher oxygen is likely to have been in part to
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the turbulence maintained, by the watcr, rushing through rough boulder strewn, bed, near the
headwaters. The possibility of a rich periphyton growth, though not investigated in the present study,
could be another reason for their higher values at stations 1II and IV, where the stream was
comparatively slow flowing. Comparable vicws about such oxygen relationships in running water
systems are hcld by many workers, as reviewed by Hynes (1970) and Bishop (1973). The last station
V ‘with low oxygen values could be altributed to the urban arca rcluse cntering the station in these
systems and a possible rapid turnover of organic materials by acrobic bacteria indicative of a
maximum utilization of oxygen and thereby a reduction.

The free carbondioxidc in the present investigation rcvealed a very large variation not only in their
seasonality but also between the stations. The phcnomenon was howcver similar for both the
systems. Further, there was definitely an increase in the range of variation from the stations at the
headwaters to those at lower elevations. Morcover, carbondioxide values were much lower in the
former, than in the latter stations. Howevcr, the well known inverse rclationship expected between
oxygen and carbondioxide values were not clearly established at each station, confirming the findings
of earlicr workers (Hynes, 1970). The irregular variations could only be attributed to the degree of
turbulence, the utilization and abundance of planktonic and periphytonic algae and largely to the
geology of the stream bed (Hynes, 1970; Goltermann et al., 1978). As indicated for lower oxygen
values the higher valucs for carbondioxidc at the stations IV and V and in particular the last station
could again be due to the bacterial decomposition process taking place at these stations which contains
the largest amount of slush and sludge.

The last factor, alkalinity, observed in the present investigation was also far Iess than the tropical
situation and ranged between 10 and 50 mg/l at both the systems. As alkalinity is related to the
carbondioxide Icvels and as mentioned in the lentic systems, this factor was very similar in its
behaviour, quantity and pcak valucs to that of carbondioxidc not only within the stations concerned
but also between the systems. A similar incrcasing tendency of its values from the stations at higher
elevations to those at lower elcvations was also observed and the range of fluctuation increased
similarly, with thc widcst range over the annual cycle recorded at the last station of both the lotic
systems.

The last three factors indicate a clear distribution of these Chironomid fauna even at the generic
levels. This was obvious as the hardy genus Chironomus which can sustain, lower oxygen values was
not only found in large numbecrs but probably the only genus at the last few stations. In contrast the
hcad-waters with a tendency of a reverse pattern with higher oxygen and lower carbondioxide and
alkalinity values hclped in sustaining oligotrophic genera of the sub-familics Orthocladiinae and

Tanypodinae.

Such phenomena also exist in other parts of thc world as reviewed by Hynes (1970) on the
extensive literature which point out to one or more factors influencing the distribution of stream
animals and the association of species. Further, as in the present investigation where the lotic
environments with their individual stations can be classificd into distinct biotopes and the quantified
associations among the genera in such biotopes have been found in litcrature on systems of similar
latitudes (Ulfstrand, 1967; March, 1976). It can, therefore, be said that within a scction of strcam bed,
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fauna vary continuously over scveral independent dimensions. Moreover, a typological view of the
habitats studied may be useful in stratification of quantitative sampling for Chironomid larvae, as in
the present investigation thcy secemed to recognisc absolute boundarics. However, from the field data it
is not possible to separate purely physical [rom biotic influences.

As for the lentic systems, the lotic systems were also analysed for the correlation coefficient
analysis between the various physico-chemical factors analysed and the sub-families as present in the
different stations. This analysis was, howevcr, confincd only to thosc stations of both the lotic
systcms where all the three sub-lamilics occurred. At the Umkhrah stream, of the three sub-familics
Tanypodinac, Orthocladiinac and Chironominac, only Orthocladiinac and Chironominae showed
rclationships to some physico-chemical factors. Orthocladiinac was positively significant at 5% levcls
with air temperature, water tempcraturc and pH and 1% levels with depth and width, while
Chironominac revealed the same significant levels but ncgatively. This was also seen at station II of
the same systems Umkhrah where Chironominac was ncgativcely significant to the same factors cxcept
pH and Orhocladiinac for only water tempcrature, depth and width. Station III indicated a negative
rclationship but highly significant, for the width with the sub-family Tanypodinac, while depth
showed a positive significance for Orthocladiinac. In this strcam it was very obvious that stations I
and II should reveal negative significance for Chironominac as thesc formed the hcadwaters of the
strcam which were clcan and highly oxygenated, to be obviously suitable physical factors for the
oligotrophic group Orthocladiinac (Tablc VI).

In contrast in the Umshirpi strcam, the only significant lcvels noted for these three sub-families
wcrg at station I, where frec carbondioxide was positively significant at 1% levels for Orthocladiinae
but ncgativcly significant lor the same factor for Chironominac. This can also be attributed to the fact
that the carbondioxide Icvcls being not only low at the hcadwatcrs but also their range of fluctuation
being very low would indicatc a positive rclationship for Orthocladiinac and negative for
Chironominae. (Table VII).

This cocfficient corrclation at sub-family lcvels with various physico-chemical factors revealed the
importance of abiotic lactors but morc the physical factors than the chemical, even at such higher
levels of sub-familics.

In addition to thc gencral population dynamics at both genceric and sub-family Ievels in the two
lotic sysicms undcrtaken the genus Chironomus was analyscd in dctail. This genus as shown in the
material and mcthods had been divided into four different length groups with the possible reflection of
the differcnt instars. There was a clear indication in the scasonality of these diffcrent instars, in that
the fourth instar larvac was prcdominantly found in both the lotic systems in abundance, at the
various stations during thc months of winter, indicative of an overwintering population. The onset of
summer indicating emcrgence, laying of cggs and hatching of the [irst instar larvae was again seen in
the first and sccond instars and somctimes at the third to form pcak values during the summer months.
However, the occurrence of the third instars during this time rcveals a pattern of overlapping of
population with some gencrations being hatched just before the winter. As this phenomenon was secn
only at the gencric level, it may not also be duc to overlapping generations of the same species, as



TABLE VI

Co-efficient correlation table, showing the relationship between different physico-chemical factors and the

three sub-families Tanypodinae, Orthocladiinae and Chironominae in the stream Umkhrah

Stn.  S. - Family A. Temp. W. Temp. Depth Width pH Cont. DO, FCOy T. Alk.
Tanypodinae 0.192 0.27 0.296 0.517 0.385 (=) 0.183 (-) 0.46 0.226 (=) 0.134
I Orthocladiinae 0.564* 0.543* 0.746** 0.667* 0.543* 0.135 (-) 0.501 (-) 0374 0.037
Chironominae (=) 0.568* (=) 0.561* (-) 0.758** (-) 0.717** (-) 0.579* (-) 0.101 0.485 0.323 (-) 0.015
Tanypodinac (=) 0.402 (-) 0397 (-) 0.385 (-) 0.421 0.389 (-) 0.222 0.535* (-) 0.446 (-) 0.274
Il Orthocladiinac 0.605 0.663** 0.803** 0.633* (-) 0.441 0.114 (-) 0.477 0.058 0.046
Chironominac (=) 0.644* (=) 0.632* (-) 0.859** (-) 0.591* 0.307 0.117 0.565* (-) 0.066** (=) 0.004
Tanypodinac 0.215 0.124 (- 0.102 (-) 0.794*%* (-) 0.070 0.273 0.270 (-) 0.272 0.357
11 Orthocladiinac 0.110 0.229 0.563* 0.368 0.078 0.055 0.166 (-) 0.120 0.256
Chironominae (-) 0.251 (-) 0.214  (-) 0.140 0.060 0.034 (-) 0.283 (-) 0.328 0.310 (-) 0.447
* P <0.05 ** P < 0.01

Stn. - Station

S. Family — Sub-family

A. Temp. - Air temperature
W. Temp. — Water tempcrature

Cond. - Conductivity
DO3 - Dissolved oxygen

FCO; - Free carbondioxide

T. Alk. — Total alkalinity
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TABLE VII

Co-efficient correlation table, showing the relationship between different physico-chemical factors and the
three sub-families Tanypodinae, Orthocladiinae and Chironominae in the stream Umshirpi

Stn.  S. - Family A. Temp. W. Temp. Depth Width pH Cont. DO, FCO, T. Alk.

Tanypodinae (=) 0.423 (-) 0372 (-) 0.036 (-) 0.428 0.241 (-) 0.120 0.039 0.018 (-) 0.190
I Ortholadiinae 0.187 0.294 0.329 0.237 (=) 0.132 0.090 (-) 0.312 0.678** 0.162
Chironominae 0.142 0.025 (=) 0.229 0.107 (=) 0.060 0.012 0.214 (-) 0.534* 0.004
Tanypodinac 0.431 0.181 (-) 0.051 0.332 (=) 0.382 (-) 0.040 (-) 0.052 (-) 0.133 0.033
I Orthocladiinae 0.046 0.105 (=) 0.039 (-) 0423 0.028 (-) 0.335 0.060 (-) 0.161 0.137
Chironominae (-) 0.433 (-) 0.266 0.085 0.117 0.316 0.366 (-) 0.012 0.277 (-) 0.165
* P <005 ** P < 0.01
Stn.  Station Cond. Conductivity
S. Family Sub-family DO, Dissolved oxygen
A. Temp. Air temperature FCO3 - Free carbondioxide
W. Temp. Water temperature T. Alk. Total alkalinity
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different species occupying diffcrent ccological niches and adaptable to environmental conditions
which may be suitable for one and not for the other, could possibly have taken place.

In any casc whatever the species may be, a clecar emerging picturc was seen in that, cither autumn
or winter is the turning point in the crcation of new gencration of populations. The lack of the non-
occurrence of the first and second stages at some stations and cspecially in the lotic system Umshirpi,
could possibly bc duc to the washing away of these instars which are primarily planktonic at this
stage. This is furthcr confirmed by the fact that very large densitics occur at subscquent stations.
Further, the months when they were supposed o occur maximum due to increased temperature would
have possibly shortcned the time between the first, second and the third stages.

In addition to such variations at instar Icvel for the genus Chironomus, at station III of the lotic
system Umshirpi was taken up for emergence studics, for a period of four months during the summer-
rainy season. The emcrgence studics is an indicator of whether the larval populations are
overwintering, and if so, whether incrcascd temperature and humidity helps in completing the life
cycle as revcaled in emergence of adults. This aspect could not be done for the whole year for all
stations, primarily bccausc these studics were carried out from dusk 1o dawn and this station was the
only one in the vicinity of thc campus.

On an analysis of thc ecmergence of adults, both male and fcmale, peak values definitely occurred
during two instanccs, onc in the beginning of June and the other in the end of the same month. The
largest pcak for the females were confined to three times in June and July but only once during the
third week of August. In contrast, the males emerged three times in June but only twice in July with
the following months showing negligible magnitude. Since much of the cmergence was confined to
only four months it may be felt to be unrcliable. There is some truth in this criticism, but emcrgence
periods especially for this genus Chironomus have known to be only during these months, in lotic
systems undcr similar latitudes (Hirvenoja, 1975). Morcover, emergence is a study by itself and
dcpends on scveral factors, for instance, on voltinism of a species can only be determined by studies
on several populations separatcly. As scen from the present investigation it is difficult to tell whether
they are univoltine or bivoltine (Aagaard, 1978).

The male-fcmale cmerging of the -adults docs not also follow any trend in the seasonality nor
abundances. This can again be attributed to the fact that dilfcrent specics in the same genera vary to a
large cxtent in their mating behaviour and also the factors which influence this behaviour. Whatever
the case may be, the phcnomenon of swarming is a common attribute to the Chironomid family in
general, though very little work exists on the male-female ratios in such swarms. In fact swarming
was known and described by Linnaeus (1745) as quoted by Thicnemann (1954) but the actual function
of the swarm in rclation 1o mating has been a matter of dispute. In recent ycars, however, considerable
evidence has accumulated in support of the epigamic function of the swarming (Downes, 1958, 1959;
Gibson, 1945; Syrjamaki, 1964; 1967), notwithstanding some rcports to the contrary (Niclsen and
Greve, 1950; Niclsen and Haeger, 1960).

In the lotic systcms studied, the population dynamics of the Chironomid larvae, was confirmed by
the age-group analysis and emergence studics, to be largely of an overwintering population in the
genus Chironomus. Detailed aspects and longer duration studies on emergence at species level would
help identify the diffcrent specics colonizing such lotic systems.
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GENERAL DISCUSSION

After understanding the population dynamics of Chironomid larvac in lentic and lotic systems
from the hill regions of North Eastern India and in particular, Mcghalaya, and their relationships with
the cnvironment it was fclt necessary (0 identily the causative factors for their abundances in such
inland waters. The rolc of benthic organisms in the cconomy of natural waters is of great significance
as they play an important rolc in the trophic cycle of many fishes. However, the knowledge, on either
the trophic dynamics or the scasonal fluctuation of benthic communities is cxtremely meagre
comparcd to that of plankton.

Freshwaters, in these regions, tend to be acidic, and harbour not only a poor diversity of benthic
organisms, in particular Chironomidac, but also their abundances of such poor representatives are low.
These rcgions arc known to be geologically young, and therclore, in such necw environments the
variely of species (in the present investigation gencera), could possibly be in the proccess of increase,
revealing the low diversity, where adaptations or immigrations of new specics take a long time to
colonizc in ccosystcms under scvere abiotic conditions. Such gencralizations, however, must be made
cautiously particularly in habitats like that studicd here where considerable scasonal inter and intra-
habitat diffcrences occur (Danks, 1971), and the results may reflect characteristics of the habitat as
much as those of Chironomid biology. Morcover, in vicw of the tolcrance of the Chironomid larvae
to a wide rangc of conditions, considcrablc plasticity in the life cycle would be expected, as reflected
for cxample in the annual overwintering instars of the present investigation. Inspite of the known
diversificd composition of Chironomid larvac, only onc or two gencra show mass occurrences in
some localities, and cven those which occur along with them are characterized seasonally. In fact, in
the present investigation, some genera represent only aceessory specics in some localities, but ‘in
others, they not only makc an important part of the total larval population but are also lcading species
seasonally. Though it is common knowlcdge that aquatic insccts do sprecad from onc habitat to
another, the triggering factors which initialc such movements nced detailed study, as population
dynamics operate at two levels, onc as a delence against predators and the other for their own
population slability.

From the present investigation it was obscrved, that, though individual gencra of midges could be
rcgarded as usctul index organisms by virtuc of their conspicuous presence or absence, it was the
asscmblages of taxa which were of grcater value. Surprisingly, as in the present investigation
tolcrance and sensitivity of taxa was often possible to predict not only at gencric levels but cven at
supergenceric levels. Sub-familics Tanypodinac and Orthocladiinac for cxample, represent comparable
portions of the population at the cleancst sites, indicative of higher oxygen valucs and lower
carbondioxide and alkalinity and these animals disappcarcd when conditions became reversed. On the
other hand there were wide divergences of tolerances among single genera of sub-family
Chironominae, and in particular and genus Chironomus most conspicuous in their wider tolerances
levcls.

The physical and chemical characteristics of waters also show variations duc to rapid turnover of
allochthonous matcrials. As many aquatic organisms have lifc cycles which cxiend longer in time
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than the physico-chemical changes in water recciving artificial cffluence, these organisms must be
ablc to cope with these changes and cspecially in the most detrimental conditions, in order 1o survive.
Therefore, it is the gencral adaptability and hardiness, rather than specialization which permits
Chironomid represcntation cven in the most extreme type of habitats (Brundin, 1966).

The cffect of a. organically loaded clflucnt on the benthic community, will vary in the relation to
the quality of the cffluent, the dilution ratio of clflucnt to water flow, the flow regime and bed
topography of the rcceiving strcam. However, Hyncs (1960) points out that organic inflows
containing a load of high suspcnded solids, tend 1o favour the formation of stereotyped communities
as they cxert similar cffects on both eroding and depositing water rcaches, by blanketing out the bed
and in filling spaccs between large substrate elements. The assemblage of Chironomid species
favourcd by the imposition of such conditions may be considercd to form a tolerant pollutional
community. This is very obvious in the prescnt investigation where such arcas were dominated or
composed of individuals within the genus Chironomus.

The analysis of occurrence and abundance data indicates that virtually the same cnvironmental
factors which alfect onc gencra also alfect the other, thereby emphasizing their potential importance as
agents of natural sclection. However, whilc cach of these environmental factors may be of potential
importancc to the gencra, not all of them arc cqually important at all localitics where larvac occur.
This is truc both in lotic and lentic sysiems of the present investigation where pH, chemical
composition and solutc concentrations appcar 1o be more important in restricting larvac in certain
places; mud substratum in restricting other larvac 10 certain localitics, and oxygen and depth playing a
major rolc in restricting the genus Chironomus. In addition, tcmpcraturc may be important in
restricting the downward distribution of the gencra in the lotic systcms cven though it does not appcar
to be significant. Therefore, onc must be certain that larval populations of the family Chironomidac
are subjected to sclection by the same environmental [actors belore the evolutionary significance of
thosc environmental factors can be considercd. It may, thercfore, sulfice to state that ecological
radiation is naturally possiblc without any major structural rcarrangements. This is particularly true of
the family Chironomidac, where the vast majority of its individuals are very conscrvative.

Howevecr, intcractions arc important. They open doors to the futurc. We undcerestimate their
significance becausc, being personal, they are unknown in the aggregale; being unscen, they appear
unrcal; and, being remote, they tend o be forgotien. Nevertheless, they are there and influcntial.
Morcover, the territorics they occupy are of the conceptional nature, hence they can be shared as
ovcrlapping nctworks, strengthening cach other through intcractions. If these conjecturces arc correct,
the sudden perception of an internal threat 10 our Biosphere with realization of our dependence on it
will sirengthen those bonds in the interests of humanity morc than a Martian invasion as “no
ecosysicm is an island”
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