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SUMl\1ARY 

The family Chironomidae are insects which constitute an obscure group of the Order Diptero. Their 
larvae arc always aquatic and form a major portien of the benthic fauna in most freshwaters. The 
distribution of Chironomid larvae in the benthos reveal that their biomass production would be an 
important part of the freshwater systeln. Moreover, that fish subist on Chironomid larvae in large 
numbers is a well known fact, and piscicuhurists often use them as food, knowing that these larvae 
form a trophic level capable of converting vegetable detritus and other organic material into a form 
usc,ful for other consumers. The Chironomid larvae were specially taken up for this study because of 
their widespread distribution in lakes and rivers of varying quality and their marked habitat preference 
to exibit a wide range of tolerance to environmental factors and are able to live in "clean" and 
"polluted" waters. The Family Chironomidae though ubiquitous in nature and a large number of 
spccies have been identified, yet very little work has been done on its larval taxonomy or its ecology, 
and particularly so from N.E. India. Two m"jor study siles were chosen froln the Stale of Meghalaya. 
In East Khasi Hills around the vicinity of Shillong the 10lic systelns \vere chosen, while the lentic 
systems were in Oaro Hills. The two lenLic syslems were the Tasck Luke and the Chitmareng Lake. 
At Tasek Lake three stations were chosen, two littoral and one profundal, while only one littoral zone 
was chosen at Chitmareng, as the lake was much smaller and shallower than the Tasek Lake. Both the 
lakes were of tectonic origin. The two lotic systems undertaken for the prescnt study were two hill 
streams - 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 
streams are the only iqlportant freshwater lotic systems in that area and they are perennial. Both 
streams flow through reserve forests in its upper reaches and cascades down along urban settlements 
receiving household and Inunicipal wastes before joining the Inain river. Five snmpling stations were 
chosen in each lotic system enabling a representali ve of all habitat types prevalent in these streams. 

Popula tion analysis of the larvae were carried out in both the lotic and lentic systems. 
Silnultaneously the physico-chelnical parameters were also studied. All larvae collected have been 
identified upto generic levels and their keys, diagnostic characters and drawings provided. The present 
investigation revealed maximuln densities of 1500 larvHe/ln2 in the len tic systems. Six genera being 
present offered a greater variety of these organislns in these systelns of lentic water bodies. In contrast 
the lotic systelns revealed a lesser diversity and a different composition. Freshwaters in these regions 
of N .E. India tend to be acidic, and harbour not many benthic organisms. In view of the wide tolerance 
of the Chironomid larvae considerable plasticity in the life cycle wus seen, as reflected in the annual 
overwintering insulfs during the course of this investigation. Only one or two genera revealed mass 
occurrences in sorne localities, and even those which occurred along with thenl were characterised 
seasonally. From the present investigation it was observed lhalthough individual genera were useful 
as index organisms, it was the assclnblage of taxa which were of greater value. Subfamilies 
Tanypodinae and Orthocladiinae represented larger portions of the population at cleaner sites, indicative 
of higher oxygen and lower carbondioxide and alkalinity Icvels. On the other hand there were wide 
divergence of tolerance and thc genus Chironomus being most conspicuous in that it was available 
in Inost of the sites_ The analysis of occurrence and abundance data indicated that virtually the same 
environrnental factors which affect one population affects the others, enlphasising their potential 
importance as agents of natural selection. In the present investigation pH, chemical composition of 
the water and its solute concentrations appeared to be Inore itnportanl in restricting larvae in certain 
places, while Inud sustraluln in restricting olher larvne nnd finally oxygen nnd deplh plnying a major 
role in the restriction of larvae belo'nging to the genus Chi.-oI10nlus. 



I NTRODUcnON 

The present investigation was undertaken with a view to identifying the ecological characteristics 
of some walCr bodies in lhe regions of North Easlern India. As work has either 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 those gaps which were needed for a total understanding of the limnology of 
the region. 

Thc family Chironomidae arc insects which constitute an obscure group of the order Diptera. On 
account of thcir small size and inoffensive habits they have largely escaped noticc, except when they 
h~vc been mistaken as mosquitoes, whom they resemble only in their general appearances. In fact, 
Chironomid adults arc refe,rred to as "blind mosquitoes" - an etYlnological catastrophe since they are 
ncilhcr "blind" nor "mosquitoes" (Beck, 1976). These "dulLs ure often seen on moist evenings, flying 
in dense swarms ncar the ground, over the sidewalks, under trees 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 fly is referred to as a midge, the adults of this family of 
Chironomidae are the true midges. Hence, they are also referred to as "midges" or "non-biting midges" 
forming an exceedingly complex family of more than 3,000 species of worldwide distribution. Their 
ubiquitous nature of occupying any benthic community is known from the polar regions to the 
tropics. 

The family can be distinguished from others under Diptera, in that, they arc delicate gnat-like flies, 
. with the antenna conspicuously plulnose in the male and pilose in the female. The head is small and 
often concealed by the thorax with the ocelli absent. The mouth parts of these adults are poorly 
developed. The characteristic feature is the elongated forelegs with the anterior wing veins more 
strongly marked than the posterior. Though they bear a general resemblance to the family Culicidae, 
they arc distinguished mostly by their unsealed wings. 

The adults of certain species have bccolne a problem in certain areas. Though they do not seem to 

bite or carry diseascs, at times elnerge in trenlendous nUlnbers and get attracted to light, congregating 
at the lighted windows, when many die and pile on ledges giving orf a very offensive odour. In fact, 
there arc records where dead Inidgcs have been littered on the road or bridges and these highways were 
temporarily closed as they were too slippery for safe driving (Bcck and Beck, 1969). Such emerging 
adults afler mating, lay eggs in all aquatic biotopes throughout the world. 

The larvae that hatch out in the aquatic systems form a significant portion of the macro­
invertebrate fauna in freshwater habitats. The larvae are referred to as "legless diptera" and "blood­
wonns". The former is attributed to the presence of vestigeal prolegs and the latter due to the roughly 
venniform shape and red colour in particular to the haemoglobin bearing genera. The larvae are always 
aquatic and usually live in burrows or tubes which they construct, by fastening together the debris or 
the detritus with the silk secreted from their salivary glands. Very often they make up one fourth to 
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one third of all insect species found especially in lotic systelns. They form an imporuult link in the 
food chain between algae and the macroinvertebrates and that of the larger macroinvertebratcs and fish. 

The general adaptability of Chironomid larvae to all sorts of aquatic habitats is amazing and 
unparallelled among the insects. The distribution of Chironomid larvae in the benthic fauna of water 
bodics reveals that, their biolnass production would, be an important part of the examination of most 
of the freshwater systems. Moreover, that fi:;h subsist on. Chironomid larvae in great numbers 
n.::v\,;aling a direct relationship on their growth ratc, exist in various published works. Herein lies the 
chief interest froln the pisciculture point of view, that, as food for fish these form a trophic level 
capable of converting vegetable detritus and other organic material into a fonn useful for other 
consumers. 

In addil10n to their usefulness as such, biologists investigating SLre31ns and lakes have found that 
midge larvae of certain genera and spec-ies live wi.h other communities of macroinvertebrates 
associated with pollution and form an important const;tuent in II c~hwatcr ecosystems receiving 
organic enrichment (Brundin, 1949; Thienemann, 1954 Gayfin 1958; Hynes, 1960; Curry, 1965; 
Carr and Hiltunen, 1965; Learner and Edwards, 1966; D,]vies, 1971; Within, 1975; and Saether, 
1979). The Chironolni~ larvae were specially favoured for study, because of their widespread 
distribution in lakes and rivers of varying quality and their Inarked habitat preference to exhibit a wide 
range of tolerance to environlnental factors and live in both 'clean' and 'polluted' waters. 

In view of such econoillic ilnportance of the group, either as indicators of pollution or as fish 
food, and as in s(nne parL~ or the world for the control of adull'.i, the need for a thorough study of these 
organislns cannot he overclnphasized. In particular, classification of watcr bodies seeks to identify the 
main types of individual, manifold and highly cOlnplex biotopes and to characterize these on a casual 
basis. Since tnnny problelns on litnnology arc directly or indircctly connected in this way, these 
classifications can be regarded as catalysts, joining and cOlnparing different branches of limnology 
which, hopcfully, will lead to a better dcfinition of problems and throw some light on the problems 
of the different biotopes. It was for these reasons that Chironomids were particularly chosen as they 
playa dominant role in both lotic and lentic systclns giving information which is not obtainable by 
othcr means. The different freshwater systellls, list of I11Clnbers of indicative communities, their 
intricate relationships bet\veen thclnsclves and the environnlent, helps in this evaluation, and the 
occurrence of certain species in certain quantities, points at nonnal or abnoflual characteristics of that 
particular biotope. The precondition for ilnprovement of these trophic systelns, is to obtain a better 
ecological knowledge of the Inelnbcrs of the diffcrent conununities as \vell as detailed work on their 
taxonolny and zoogeography. 

REVIEW OF LITERATURE 

The falnily Chironolnidae though ubiquitous in nature and a large nUlnber of species have been 
identified throughout the world, yet very littlc work has been done in India on either its taxonomy or 
ecology. Not only arc the descriptions of the various species of this fc.unily not avail~lble. but even a 
cOlnparative study on the present status does not exist. A need \\'c.lS, therefore, fell to put together a 
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comprehensive review of ~xisting literature in the world so as to form a basis, in addition to the ones 
available from India. 

For the Family Chironomidae, one could go as far back as the works of Meigen (1800, 1803), 
since Opinion 152 of the International COlnmi~sion of Zoological Nomenclature gives priority to the 
names used by Mcigen (1800). The most perlinent taxononlical and ecological works for 
Chironomidae were done by workers of the United Suites of Alneric3, like Johannsen (1905, 1938), 
Malloch (1915), Muukowski (1918), Richardson (1921,1925) and Lindeman (1942). The tribe then 
known as Tc:ndipedini wus worked out in greHter detail by Townes (1945) who raised many former 
subgenera to genus rank. Simultaneously Florida Chrionolnidae was worked out extensively by 
Mitchell and Ensign (1928), Rogers (1933), Cooke (1939), Carr (1940), Hobbs (1942), and Berner 
(1950). It was Sublette (1955, 1957) who worked in detaIl North American Chironomidae and 
provided a list of synonirns. The taxa of Freeman (1955, 1956, 1957, 1958, and 1961) have largely 
been followed by Dcndy and Subleuc (1959), which culminated in the firm foundation of the 
systematics of North American Chironomidae by Sublette (1964). Around the same time Beck and 
Beck (1959), dealing with the habits and habitats of these groups of insects worked out, in detail, 
nearly all the species for Florida (Beck and Beck, 1966). In the review of Californian Chironomidae by 
Wirth and Stone (1956), only Clunionae and Tendipedinae (Wirth, 1949) have been extensively 
studied. In addition to the adequate, treatment of Chironolnid species of Northern Mexico by Sublette 
and Sublette (1965), a deulilcd study of all type specimens at the National Museum of America and 
Canada have been described (S ubleltc, 1960, 1964a, 1964b, 1966a, 1966b, 1967a and 1967b). Mc 
AJpine (1964) and Oliver (1963, 1964) have done an in depth study of those species found in the 
Northern Archipelago of Canada. Since then, a nUlnber of papers have been published on the 
occurrence, the record of species and the description of new species all over the United States and 
Canada. Of these, the works of Hensen and Cooke (1976), and in particular, the complete description 
of the Coclotanypodinae of the North Eastern U.S.A. with keys by Doesel (1974), stand out as major 
taxonomic contributions. 

The knowledge of Chironolnids of the West Indies is rather fraglnentary, consisting of the limited 
reports in papers by \Villiston (1896), Coquillct (1900), Picado (1913), Gerry (1932, 1933), 
Johannsen (1938), Miller (1971), Sublette and Wirth (1972) and Harrison and Rankin (1975, 1976b). 

As far as the European literature was concerned, the confusion hegan with the comparison of the 
original works of ~lcigen. This necessitated a great revision and hence those of Harnisch (1923), 
Edwards (1929), Goclghebuer (1937) and Lenz (1941) could be called the carliest European literature 
&available on thi~ Falnily Chironolnidac. Since lhen, the works of Brundin (1949), stand out as major 
contributions of this fanli1y, who also gave a pioneering idea of the status of this group of insects, 
especially in Northern Europe. Around Ute early fifty's, Gennan contributions canle from the works of 
Thicnernann (1950a, 1950b, and 1954). It \vas here that the systelnatics of the family was given a 
finner foundation, as a stress was put on all the three stages of the life history of this family by 
Thiencmann for a total understanding of their taxonolny. In 1956, Brundin clarified the status and 
position of Orlhocladiinac, and a silnilar analysis of the group Tanypodinae was done in greater detail 
by Fittkau (1962). Around the same lime from Finland, both from forest Japlands, (Hirvcnoja 1960, 
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1962a, 1962b, 1962c, 1963 and 1973; Lindeberg 1963, 1967) and the geographical variations in 
Finnish Chironomids were examined and shown in detail by Wulker (1956), Oliver (1959), Strenzke 
(1960), Lindeberg (1963, 1967, 1968), Koshkinen (1968), Olander and Palmen (1968). The variation 
of different characters within Chironomid populations in Europe has been studied in detail by Palmen 
(1960), Lindeberg (1963, 1967), Reis~ (1965), Botnariuc and Albu (1968), Botnariuc et ale (1969), 
Schlee (1968) and Cranston (J ':)74). The lacustrine fauna of European Alps, with a detailed study of 
Chironomidac on the three life 4:1story stages as originated by Thienemann was completed by Reiss 
(1968) and Fittkau (1968). Since then, European workers have worked out in detail the general status 
of the genus 01 the concept of the genus within the family Chironomidae and also the aspect of 
characterization and delimitation of Chironomid gencra (Beck and Beck, 1968; Fittkau, 1968; Saethcr, 
1971 and Lindeberg, 1971). Thougb many works do exist on Chironomidae in USSR, a review of the 
Soviet literature on Chironomidae by Konstantinov (1971) is the only one relevant, as most works 
exist in the Russian language. 

The major contribution from South American Chironomidae have been done in detail, though 
confined only to the Amazonian basin, by FiLtkau and Reiss (1973). It is here that for the first time 
the status of South American Chironomid fauna have been outlined and stress laid on the diversity of 
species in that area. 

Though Kieffer's (1908-1924) could be called the earliest work on African Chironomids, the real 
foundation was laid by Freeman (1955, 1956, 1957, 1958) as revealed by the monographic series on 
African Chironomidac. However, a comprehensive bibliography of the Chironomids of Africa and the 
adjacent islands has been brought out by Davies and Davics (1976, 1978). A considerable data on the 
geographical distribution of the Chironomidae froln the Ethiopian region could be obtained from the 
report of Dejoux (1976). 

In addition to Freeman's earlier work on African Chironomidae the 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 reviewed his own work along modem lines (Tokunaga, 1964). All these materials that have 
been worked out were based on the collections of Professor T. Esaki's micronesian Expeditions (1936-
1940). Of the South Asian Diptera described in Van der Wulp (1896) catalogue with 2889 species, 
only 18 belong to Chironomidae and three more were subsequently added by Brunetti in 1910. 

The collections by Thienemann (1930) and his associates during the German Limnological Sunda 
Expedition (1928-1929), was worked out by Johannsen (1931, 1932, 1932a), who fonnulated keys for 
each sub-family, genus and species. Many of Kieffer's species of the Oriental region have been partly 
revised and miscd to the rank of genus (Kieffer, 1921b). 

The Chironolnidae fUlina of Afghan istan is as yet very lillie known. Tokunaga (1966) reported 
twelve species from that territory, describing them on the basis of adults. Hirvenoja (1973) described 
three species, and Lehmann (1969) one species, while Reiss (1968a, 1969) described some new 
species from Nepal. Lorner (1969) reported several kinds of Chironomidae on the basis of larvae from 
Nepal. Further, four new spccies from Nepal were described by Murray (1976). 
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Kieffer's (1910-1914) work on Indian Chironomidae were mostly from materials collected from 
Calcutta, Assuln, Darjccling and Simla hills and described on the basis of colour characteristics of 
adults (Kieffer, 1911). An extensive manuscript (Kieffer, 1911a) on the species from Assam and 
Himalayas followed, in addition to the information given in part earlier. While working on Ceylon 
Chironomidae, Kieffer (1913) added his contributions on funher collections from India which included 
species from North-East, the East and South-West coasts. The type collections in the Museum of the 
Zoological Survey of India, Calcutta, was finalized by Kieffer in 1914. It was Brunetti (1920) who 
compiled Kieffer's work in a catalogue on Oriental and South-Asiatic Nemocera. 

Since then, except for sporadic reports on the occurrence and description of new species, nothing 
substantial has been added to Indian Chironomidae. Further, many of Kieffer's type species were lost 
in fire during 1956, when they were at the Hungarian National Museum and the movement between 
Varanasi and Calcutta during the great floods of W cst Bengal has destroyed many more. An updating 
of the work to put Indian Chironomids on the modern taxonomical line is already underway (Alfred 
and Choudhury, in preparJtion). 

Work on the family Chironomidae by Indian workers have been very meagre and those that exist 
arc mostly during the last decade with one or two papers published earlier. One of the earliest of such 
ulxonolnical descriptions was done by Singh (1958, 1968) on a collection from the Western 
Himalayas. Kaul (1970) recorded two new Dialnesinae again from North-West Himalayas. A detailed 
description on the systematics of adults, pupae and larvae at morphological, cytological and 
biochclnical, along with thc larval ecology and feeding habits have been done on five species of 
Chironom idae from 12 lotic s)'stetns in South India (Alfred 1973a, 1974). In addition genetic 
descriptions of larvae were also given (Alfred, 1973b). Thereafter, Singh and Kulshrcstha (1975, 1976, 
1977) reported new spccies from Agru of the sub-family Chironominae. 

The only group of Chironomid workers who have done detailed systematics on the family 
Chironolnidae in general and the sub-family Orthocladiil1ae in particular were Choudhury and his 
students from the University of Burdwan. Of these, on Orthocladiinae both from Burdwan and the 
collection at the Z.S.I. museum, Calcutta, have been described in detail by Sinharay el al. (1978), 
Ch\ludhury and Nandi (1979) and Choudhury and Ghosh (1980). In addition the same group of workers 
have given de~\iled descriptions of the adull~ of the sub-falnily Chironolninae (Guha and Choudhury, 
1979; Sinharay and Choudhury, 1979; Choudhury el al., 1981; Guha and Choudhury, 1981a, 1981b 
nnd Choudhury and Ghosh, 1981). 

In addition to the foregoing literature review on Chironomid laxonorny from different countries, 
workers on this group of insects have come together and shared ideas in symposium and workshops 
cxcltlsively on Chironolni<iae. The latest cOlnpilation of such works, entitled "Recent developments in 
Chironolnid Studies" (Diptcra, Chirononlidac), has been done by Saether (1979), based on a workshop 
conducled in \\,innipcg, Canada. 

The foregoing review of literature though is inclusive of the hubilats of the different species of 
Chironornidae, it primarily deals with the taxonolny, systelnatics, and status of this fatnity of insects. 
However, the importance of Chironomids as a group, favoured for study, w~s due to their ecological 
behaviour, in particular as indicators of pollution in aquatic systems. Moreover, geographically these 
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insects arc worldw·ide in distribution from the high arctic and alpine to subtropical and tropical regions 
inhabiting all forms of aquatic systems. Further, the adult taxonomy is more established than larval 
~xonomy. However, as far as this faJnily's ecology is concerned, the work on larvae is more than on 
the adults. 

Hence a review on the larval ecological sllltus is in particular .norc appropriatc for the present 
investigation. Since time immemorial the larvae of this farnily have been utilized to classify lakes 
according Lo their composition and abundance, in relation to the dissolved oxygen concentration, 
trophic status and other abiotic factors (Thienemann, 1914, 1915, 1918, 1921, 1922, 1925; 
Lundbcck, 1926; Vullc, 1927; Lenz, 1925, 1928a; Crisp and Gledhill, 1970; Petr, 1970b; Saether, 
1980 and Williams, 1980). This work though continued for sOlnetime, yet subsequent authors 
confined their studies to the distribution of the Chironolnid larvae, within particular water bodies 
(Thienemann, 1954; Bardach, 1955; Curry, 1956; Mundie, 1987; Slack, 1965; Hilsenhoff, 1967; 
Jonasson, 1971; Laville, 1971; Hunt and Jones, 1972; Morgan, 1972; Maitland el al., 1972; Saether 
and Mclean, 1972; Saether, 1970, 1973; PeLr, 1972, 1974; Charles el al., 1974; Maitland and 
Hudspith, .1974; Boltt and Allanson, 1975; CoweIl and Carrew, 1977; Ali and f\1ulla, 1979; Moore, 
1979; Johannsen, 1970; Hilburn, 1980). 

All these led to the confirnlation of the work on the relationship of Chironomids with respect 10 

lake typology as identified by Brundin as early as 1949. These works also helped in the identification 
of concentration zones, which shift with seasons, enabling population density to fluctuate from 
littoral to profundal zones (Brinkhursl, 1974). 

The possible Illechanisills and reasons for population density fluctuations were also identified. 
Some suggest differential mort.ulity in response t.o seasons and its changes (Borutsky, 1939; 
Lindeman, 1942; LeIlak, 1953a, 1953b; Kajak, 1958; Kajak and Dusogc, 1967). Others, while not 
negating the above phenomenon, however, were of the opinion that t.he nlajor cause was larval 
In igrations to beller habitats (Hruska, 1961; Barlhchnes, 1962a and Kajtlk, 19(4). The latter gained 
support by studies which showed the hastening of the process of deveiopillent followed by earlier 
clncrgence, itS attributes for the 1l10VCIllenls of populutions of (~hironolnidac (Anderson, 1946; 
Dugdale, 1955; Flint, 1979). l-lowcvcr, lClnperature has been demonstrated as having no effect on 
larval distribution (Lufcrov, 19(9). In Hny case Illigration of larval Chironolnidae is well established 
by subsequent works cuusing the fluctuation in their densities both in lakes nnd rivers (Thut, 1969; 
M~lfk.s and Henderson, 1970; Iovino and Minar, 1970; Aldoori, 1972; Brinkhurst, 1974). This is 
understandable as the ability of larval Chironolnidae to exploit ne\v habitats and enable rapid 
colonizution ~lnd succession is a b~lSic n"ture of. this group (Nursnll, 1952; Anderson el al., 1964; 
Aggus, 1971; McLachlan, 1974b, 1974c; Pelr, 1975; Boht, 1975; RUlncharan and Paterson, 1978). 
Such mechanisms arc observed Inore clearly in running water systelns where even a complete 
recolonizulion of u streHm could be aided by larval rnigrution and by drift of the earlier instars 
(Harrison, 1 966u, 1966b; Thorup, 1970; Mason el al .. 1970, 1971, and Hynes, 1975). Population 
fluctuations arc also aUributed to the rise and fall or the \vuler level und increase in popUlation have 
been seen in rising water COIUlllllS of ,lquatic hubiLuts where these benthic organisills live (Kajak, 
1958a; Hynes, 1961; Tholl13S, 1966; Mculchlan, 1968, 1970c and \Vhitchouse, 1971). 
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Human activity intcrfcring with frcshwatcr ecosystems is an established fact. Changes due to such 
nature effccling the qual ity of eithcr a lake or a stream can easily be identified with the help of 
Chironomid larvae. These, by their widespread distributional nature, also possess marked habitat 
preferences (Paine and Gaufin, 1956; Gaufin and Gaufin, 1966; Hynes, 1970; Oliver, 1971 and 
Schlott und Reiss, 1975); A clearcut relationship to thc pollution and in particular to organic 
pollutants in 10lic ecosysterns is well documented by studics on this group of insects (Theinmann, 
1954; Gaufin. 1958; Hynes, 1960; Hawkes, 1962, 1963; Learner and Edwards, 1966; Davies, 1971; 
Haw~es and. Davies, 1971; B~ckland •. 1974 and Tabaru, 1975). 

The density of any population and in particular those of the family Chironomidae is primarily 
detcrmincd by thc larvac reaching the adult stages. The capability of these adults emcrging, mating and 
laying of eggs is the triggering mechanisms for the newly hatched out larvae to establish itself in a 
stable equilibrium in relation to the carrying capacity of that ecosystem. Further, their dynamics 
depends on their sustenance und growth in relation to other species by a maximal utilization of all 
ecological niches available in that habitat (Hamilton, 1965; Armitage, 1969, 1971; Curry and Curry, 
1971; FiLtkau, 1971 and Topping, 1971). Il was, therefore, that various workers have stressed on adult 
emergence studies (:nahling the idcntification of seasonality in emcrgence patterns and also whether 
POpululions arc single or the existence of overlapping generations (Miller, 1941; Brundin, 1949; 
R\.!lnmert, 1955Cl; NcumClnn, I y61; Palmen, 1962; Jonasson, 1965; Corbet, 1965; Englemann and 
Shnppirio, 1965; Oliver and C'")rbct, 1966; Danks and Oliver, 1972; Stahl, 1975; Lavalle, 1976 and 
Titlnus, 1979). 

In conLTast to all the above, Indian \\'ork 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 
studies in relation to fish and fisheries, where Chironomids were grouped together as larvae 
dominating benthos of such studies (Srivastava, 19563, 1956b; Michael, 1964; Krishnamurthy, 1966; 
Mohra and Bhowmick, 1968; Mandai and MoiLra, 1975). Benthic limnology and its interrelationships 
of the biota and physico-chemical factors have also been understood very little for Indian aquatic 
systems (PruLhi, 1933; Sewell, 1934; Ganapati, 1940; Georgc, 1966; Nasar and Munshi, 1974). The 
only work on detailed aspects on the population dynamics of five specics of larvae and their physico­
·chemical f41ctors as seen in sOlne South Indian ponds, has been done by Alfred (1973). Since then, 
only two reports exist, one on the biosystclnatics and ecology of five species of Chironomidae (Alfred 
and Michael, 1979), and the other on populaLion dynamics of freshwatcr insccts, which includes 
Chironomid species of Bhagalpur (Roy et al. 1980). 

BACKGROUND OF THE STUDY REGION 

Location 

The general study area \\'as the state of Meghalaya locatcd in North East India. This state 
comprises of three nlajor hill ranges, the Oaro, the Khasi and the Jainlia. All these lie 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 area of nearly 22,500 sq. km. and lies between latitudes 25°47'N 
and 26°10'N and 89°45'E and 92°47'E longitudes. The general feature of the territory is marked with 
high and low rolling hills, on large plateau with a geomorphological landscape of streams, brooks, 
rivulets, water falls and ponds or lakes. The altitude lies between 600 and 1950 metres with t11e 
highest peak, the Shillong peak in the East Khasi Hills district. The capital of Meghalaya is 
Shillong, situated at the elevation of 1496 m. (Fig. 1). 

Physiography 

Physiographically Meghalaya represents a remnant of the ancient plateau of Pre-Cambrian 
peninsular shield uplifted to its prescnt height. It comprises of exposed Archean gneiss and schists 
covered in the central and east~rn parts. The region was fonned when the great Himalayan chain were 
uplifted from the 'Tethy's sea', during Mesozoic and early Tertiary times. The hills are nearly 135 
million years old. The Shillong plateau is therefore best regarded as a part of Indian Peninsular cut off 
therefrom by the intervening spread of the Ganges and Brahmaputra alluvium. The rocks have more in 
common with the gneissic and Dharwar rocks of Bengal and Bihar than those of the more 
neighbouring Himalayan sequence. 

The drainage pauern of the region has a feature revealing straight course of rivers, rivulets and 
streams evidently along joints and faults. The Inagnificient gorges in the southern Khasi and laintia 
Hills arc the rcsult of Inassive headward erosion by antecedent strealns along joint and sedimentary 
rocks. The northern part of the plateau is marked by long incisive valleys due to hcadward erosion 
along joints in the gneissic rock and granites. The limestone covered areas of southern Garo, Khasi 
and laintia Hills reveal a typical hurst topography. The present physiographic configuration of the 
plateau is due to the different geological events from mesozoic to present, indicative of the Polycyclic 
erosional surfaces at various levels. 

Climate 

The climate of the region is generally tropical monsoon (Table I). The central and eastern parts due 
to higher elevations have very little telnperaturc nuctuations while the western parts except during 
winter, records quite high temperature. TIle range of temperature is usually from as low as O°C in 
Shillong to about 35°C in Garo Hills. The winter months arc usually from December to February and 
the ground is covered by hoar frost every morning but there is no record of snowfall at all. 

The important climatic characteristics of these regions is very high rainfall averaging annually 
7200 mm. In facl, Mawsynram, situated about 16 km. west of Cherrapunji, which itself is nearly 50 
km. from Shillong, records the world's heaviest rainfall, nearly 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 average elevation of about 1,200 m. resulting in very heavy rainfall. 

One can divide MeghaJaya into four distinct seusons, the Spring (March to May), Summcr or rainy 
season (J une to September), Autumn (October and November) and Winter (December to February). 
Usually strong winds blow froln south-west towards north-cast from about the Iniddle of February io 
about middle of May each year. An interesting feature of the state is that it lies in a highly seismic 
axis and tremors of slnall magnitudes arc very frequent. 
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Fig. 1. Map of Meghalaya' showing the areas of study. Shillong and Garo Hills. 
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TABLE I 

Meteorological data for the State of Megbalaya 

Mean Max. Mean Min. Relative Rainfall 
Month air temp. air temp. humidity (em) 

(OC) (OC) (%) 

February 19.9 7.8 57 - 72 2.3 

March 23.4 12.6 51 - 63 44.2 

April 21 7 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 

Scptclnber 23.0 16.6 76 - 91 279.4 

October 20.7 13.2 72 - 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 - 79 17.7 

March 21.3 10.3 49 - 52 34.9 

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 - 84 354.5 

July 23.3 17.8 8~ - 90 512.0 

August 24.3 17.7 82 - 87 127.0 
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Soils 

Thc soil vurics all OVCr the ~tcghalaY~l pl~lteuu bolh in physical char4lctcrs and fertility conditions. 
They are mostly lateritic in origin and vary from sandy loam, red loam LO claytoam. The soils in the 
basins arc more fertile than the upland soils since much of the bases and organic matter from the top 

soil of the latter gl'ts washed away due to high nlinfall. 

The sediments arc mainly sandstones and shales (mud stone), and well defined fossiliferrous 
lilncslonc. Thc percentage of organic carbon is nearly 5% to 10% and thc pH between 4.5 and 6.5 
units. 

Vegetation 

The slale of Megh~'lnya is endowed with 41 rich nnlunll vegeullion ranging from sub-lclnperate to 
tropical. In the upper hills regions and especially the pluteau of Khasi Hills coniferous pine (Pinus 

kesiYll Royle) dominates. They extend to the Jaintia Hills but in the cOlnparatively dried places are 
stunted. On the slopes of Shillong peak especially the northern slopes rhododendrons exist along with 
Cryptolnllria japonica. resin and Chinn(lltlOnUttl species. The trees on Lhc upper reaches are stag-headed 
and covered with moss and lichens. Cancs and Balnboos form rich growths and undergrowths of the 
lower hills .. There are nearly 150 species of ferns, 250 species of orchids and about 150 species of 
grass. The lower elevJtions are also occupied by deciduous forests. The common undergrowth which 
runs like bells on all Lhe hills at all altitudes are EUp(ltorillln sp. and Lantana camara. 

STUDY SITES AND SAMPLING STATIONS 

Two major study sites were chosen from the general area of the State of f\1egha)'lya. In the East 
Khasi Hills around the vicinity of the capiull of Shillong the siLes for the iOLic ecosystems were 
chosen, while the Garo Hills was the area of location for the lenlic systems. 

Lentic Systems 

The Lentic systclns undertaken for the present investigaLion were situated in the Garo Hills 
District of the Slale of Mcghulaya, about 300 killS. froll1 Shillong. The general area of location is 
called Songsak and lies in deep foresL~d i.lr~as inhabited by the local tribal people. The two Icnlic 
systclns chosen hcre, were the Tasek lake and the Chillnareng lake. BOlh l.hCS9 lakes arc tectonic in 
origin, the result of basin sub~idcncc during the great earthquake or 1897; when the cpiccnlrc was the 
Shillong pintCiHI (Oldharn, 1 R()l): Kurunakaran, 1974). The evidence is still present today in the form 
of barren slulnps of Shorca 1'1 JbUSlll trees subillcrged in these lakes. The lakes can be classified as 
tropical (\Vhipplc, 1927) and tectonic (Hutchinson, 1975a). Thc shape of the lakes arc elliptical which 
is again a gen~rJI chanlctcrislic of tectonic lakes. 

The Tasek lake (90°33' 12"E, 25°32' 40"N) comprises an area of nearly 11.7 hectares situated at 
about 225 In above sea level and surrounded on all the sides bi Sal forcsL~ (Slzorea robusta). :rhr lake 
has t\\'O inlets in the form of strealns, one on the southern side known as the Innal sLreall1 an.! the 
other on the western side called after iL"i own nalne the Ta~ek stream. On the eastern side there is only 
one outleL 
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The Chitmareng lake is only one tenth of the Tasek lake having un area of nearly 1.9 hectares and 
is located close to the Tasek lake, on the northern side of the latter. During monsoons both ~e lakes 

arc inter-connected through the outlet stream by a small channel: 

Sampling Stations 

At the Tasek lake three stations were chosen, lWO littoral and the other profundal. The littoral 
station I was situated near the inlet of the Tasek stream and the littoral station III at the other inlet of 
the lake. The profundal station II was ncar the offshore zone situated more or less ncar the middle of 
the widest area of the lake. At the Chitmareng lake only one station was chosen as station IV and as 
the lake was much shallower than Tasek, the station selected was the littoral zone on the far side of 
Chiunarcng away from Tasck (Fig. 2). 

Lotic Systems 

The lotic ecosystelns were two streams, Umkhrah and Umshirpi both originating at an altitude of 
about 1500-2600 m. on e~thcr side of the gencral township of Shillong (Fig. 3). They flow down 
before they join the Umiam river situated at an altitude of 1050 m. These two streams arc the only 
important fresh-watcr lotic systems in the area under consideration. They were also selected because 
they were perennial and could be sampled throughout the year by simple stream bcnth~s techniques 
and moreover they were comparatively shallow and short in their entire length enabling a detailed 
study throughout the entire course of the flow. Further, both the streams were accessible at all the 
stations during the different seasons and situated sufficiently close Lo the University laboratories 
enabling chemical unalysis of water samples within hours of coliection. The important criteria, 
however, and specially for the study of Chironolnids was the clcarcut demarcations of zones present 
from the suurce to the lnouth identifiable into clean and polluted areas. 

The Ulnkhrah stream mostly flows through reserve forests along its upper stretches. These forests 
are pine trees of Pinus kesiya Royle with undergrowth of shrubs like Lantana, Eupatorium and 
Polygonilitl spp. The slrcmn in its middle stretch, flows through ugricultuntl and waste pasture lands. 
The lands used for agriculLurc arc lnostly done by hand digging and cowdung Illanuring methods, 
without the usc of insecticides. Thereafter, the stre31n flows all along the sides of Urban seulements. 
Though the houses line the slopes beyond the embankmenl'i which are covered with sinall grasses and 
shrubs with scattered pine trces, yet the strealn receives household wastes. Finally, this stream flows 
through a pair of hillocks fonning a moderately deep gorge before it joins the other stream. The 
approxirnatc length of the stream is t 5 km. 

In contrast, the Umshirpi stream has its head waters flowing through the Government Reserve 
Forest cOlnprising of Pinc trees of Pinus kesyiya. ThercufLer without passing through any agricultural 
lands it enters an experilncntal trout rann run by the SUlle Fisheries Deparunent, from where it comes 
out, to now through an urban scttleillent. After traversing for sOlne distance it enters another fish fann 
and flows through urban areas again. This last patch of stream is lined on either side with houses and 
received Inaximal sewage load before it joins the other SLrealn. A few areas of the stretch ncar the 
urban localions are lined by grasses and few shrubs of El'paloriuln. Lantana and Plygonum spp. The 
Icngth of the strcaln is approximately 12 km. 
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Sampling stations 

Five sampling stations were chosen in each 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 relation to its pollution load. Usually station I was very near the 
headwaters or the source of that stream and station V was the last station of the stream bclore it joined 
the other major lotic systems in the area. The other stations were kept more or less equidistant from 
these two points while at the same Lilne keeping in view the above mentioned criteria for selection of 
stations. 

UMKHRAH STREAM 

Station I 

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

Station II 

It is a strong riffle about one km. downstream from station I. At this station there is an uniform, 
moderately fast flow (40 em/sec.) on a bed of small fist sized and slightly larger rounded pebbles. The 
avernge depth of this station is 12.9 cm. and width 1.9 m. 

Station III 

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

Station IV 

In this station the stream flows through hills with reserve forests of Pinus kesiya on either sides. 
The substrate consists of silt, sand, gravel and pebbles. Litter deposition is high. The average width 
and depth are 2.5 m. and 11.4 em. respectively. The current velocity is 50 em/sec. 

Station V 

This is the sewage effluent station where the stream enters the urban locations. One tributary 
carrying a heavy load of sewage from urban areas· joins the stream at this place. Here the width of the 
stream also increases (7.5m), the depth is 23.3 cm. The rate of flow is only 5 em/sec. The substrate at 
this station consists of sand, sill, pebbles, gravel, miscellaneous articles, and litter. In this station the 
colour of the walCr is dirty brown. 
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UMSHIRPI STREAM 

Station I 

This station is located at the headwaters of the Umshirpi stream system. The station is almost 
completely free from human disturbances, before it enters. a trout fann erected on the stream. Here the 
water flows through a reserve forest- with dense growth of Pinus kesiya which extends upto the 
margins of the stream. The entire place is shadcd and not much sunlight penetrates into the stream 
particularly in summer and monsoon months. The substratum consists of embedded and loose 
pebbles, strewn with occasional 3.5 m and a current velocity of 88 em/sec. 

Station II 

This station is small, riffle-like (plate 3b) having dense forests of Pinus kesiya on either banks 
and generally free from any disturbances. The bottom is sandy having large number of small pebbles 
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 

Here the stream enters a complete urban influenced area having a great amount of sewage and 
miscellaneous particles. The width of the stream in this station is 5.75 m on average and depth is 
23.9 cm. The substratum is composed of silt, sand, gravel, pebbles, liuer. The average current 
velocity is 40 cm/sec. 

Station IV 

This station is also situated in an area of great human disturbance and can be easily designated a 
polluted station. Surrounding vegetation comprises of Pinus kesiya, Eupatorium spp., Lantana camara 
etc. The bottom consists of silt, sand, pebbles, boulders etc. The average width is 8 m and depth is 
22.7 cm. The current velocity on average is 25 em/sec. 

Station V 

This station is almost similar to that of station III and IV and is also situated in complete urban 
areas. Tributaries bringing the waste product from the houses join at this station. Moreover, 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 em and 5.6 m. respectively. The flow of water is 50 
em/sec. on average. 

MATERIALS AND METHODS 

Lentic Systems 

The detailed analysis for the population study of the chironomid larvae were first carried out in the 
stations of the lentic ecosystcms of Garo Hills. This \vas done for a period of about seventeen months 
beginning February 1977 to June 1978. All collections were done ut fortnightly intervals. Sampling 
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lime was confined to the morning hours between 0800 and 0900 hrs. Bottom samples were obtained 
at each stalion in replicates by the use of an Ekman Dredge. The dredge used, covered an area of 
506.25 sq. cm. This bottom substrate was transferred into a 15 litre bucket and washed thoroughly. 
The larvae were filtered rroln the bOlloln mud by using a nylon seive made up of 14 meshes per linear 
em. They were then sorted, prCSl'f\'cd in 5% fonnalin and subsequent identification and counting was 
donc. All fortnightly triplicate salnpling were brought together as Inonthly averages for the sake of 
convenicncc and the figures represent the seasonal variations month\\'ise. 

At each station, just before thc sampling for the larvac, watcr sarnplcs were collected for physico­
chemical parameters and the water level also nOled. For oxygen analysis the water samplc was taken 
in 125 mt ground glass stoppered bottles and fixed in the field. For the remaining analysis, water was 
collected in polYlhene bOltles of 500 ml capacity, and was used for pH, conductivity, total alkalinity 
and free carbondioxide analysis. 

Air temperaturc was measured with the hclp of an ordinary mercury thermometer at about one 
metre above the surface of the \vater at the different stations. The water temperature was taken with a 
similar thcnnometer but by placing it inside a polythene bottle securely and the readings taken 
immediately after the sumples were brought up, indicative of the temperature of the water cnclosed 
from that station. Transparency was determined by the use of a Scchi disc. 

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

In addition to all the above menlioned panunctcrs, some melerological factors like maximum­
minimum temperature, relative humidity and rainfall for the whole region under consideration was 
collected regularly from the local mctcrological stations. 

Lotic Systems 

After the seventeen Inonlhs period of analysis in the lentic systems, the next fourteen months 
from July 1978 to August 1979 was confined to the work in the 10lic systems. Fortnightly samples, 
confined to the morning hours between 0800 and 1000 hrs. were lhe timc of collections at the 
different stations. Collections of larvae for relative abundance were made with a hand net fixed to a 
square frame made of wrought iron with a mesh size of 60Jl. It covered an area of 20 x 25 cm2 of the 
substnllc bouom. The nel was placed on the stre31n bed with its nlouth facing the current and the 
substratum disturbed thoroughly when the washings got collected in the net. A triplicate number of 
such samples were done at each station. Samples coll~cted from each station to be a total 
representative of that station, was based on triplicate collections CraIn the middle, sides and in slower 
and fasler current zones of the stream. This method was found to be the most suitable in shallow 
stony stream bed than when compared to grabs and shovel or box samplers (Hynes, 1970; Chutter, 
1969). For those stations which had very little gravel or stones and which contained thick mud as 
substrate, larval collections were done by the use of a simple bottom cover, covering an area of 0.019 
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m2• All collections were made in triplicate, from all representative parts of the stream in that station 
also. 

In the lotic system for physico-chemical analysis the same method as for the len tic system was 
fo~lowed and the same factors analysed except for the trdJlsparency of the watcr and instead the width of 
the stream at that station was measured. Thc former was not measured as the watcr at most of the 
stations throughout the period of investigation was more or less transparent enough to see the stream 
bottom. 

For a detailed study of the larval specimens collected, representative specimens were taken and 
placed in hot 50/0 KOH for ten minutes, washed in water and transferred to glacial acetic acid for 
another ten minutes, finally they were left in ethyl alcohol till the different parts were dissected and 
mounted in DPX. Each mouth part and other important taxonomic characters of the same larvae·were 
mounted on one slide. 

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

During the last phase of the work from] unc 1979 to September 1979 emergence studies were done 
at one of the tributaries of the Umshirpi stream to obtain a general idea of the number of adults, their 
sex ratio during the peak monsoon period of emergence. The emergence studies were carried out with 
thc help of light trapping tcchniques with Lhe usc of a fluorescent lalnp and confined to the hours just 
after dusk lill about midnight. They were preserved in 800/0 alcohol. 

RESULTS 

Larval Taxonomy 

The higher categories employed here are those most commonly used by the American authors 
(J ohannsen and Townes, 1952) and which arc valid in the light of present knowledge of 
Chironomidae. The more important charactcr changes at each point are indicated in the kcys. 

The following sub-falnily keys arc modified froln those of Johannsen (1937) and Roback (1957). 

Key to the sub-families of larval Chironolnidae 

1. Antennac retnlclile into head: basaJ ~lntcnnal segment usunlly elongate. Lingua present ...••.••......•• 
........•...................................................................•.......••......•............•..................•••...• 
.••.••..•••••••••••••••.•••••.. ~ .••.•••.•••••.•.••.•.••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1r~~~ 

Antennae non-rctractile; lingua absent, labial plate prescnt. ................................................... 2 

2. Third antennal segment distinctly annulate ............................................................ Diamesinae 

Third antennal segment not annulatc ................................................................................. 3 

3. Premandiblcs lacking, prcanal papillae very long ................................................ Podonominae 

Prcmandibles lacking ..................................................................................................... 4 
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4. Para-Iabials, if prescnt, non-striated, may bear hairs ............................................ Orlhocladiinae 

Para-labial plates striated ............................................................................... Chironom inae 

During the present investigation the larvae of Lhis falnily recorded in the len tic and the lotic 
systems undertaken. come under three sub-families and cleven genera. The taxonomic position and 
generic names of these genera are : 

Family 

Sub-family 

Sub-family 

Sub-family 

Tribe 

Tribe 

Chironomidac 

Tanypodinae 

Clinotanypus Kieffer 

Tanypus Meigen 

Anatopynia Johannsen 

Pentaneura Phillipi 

Orthocladiinae 

Brillia Kieffer 

Chironominae 

Chironomini 

Polypedilwn Kieffer 

llarnischia Kieffer 

Dicrolendipes 

C Itironomus Mcigen 

Tanytarsini 

Cladotanylarsus Kieffer 

CaJopseclra 

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

Sub-Family TANYPODINAE 

General Characters 

This is the most primitive of the commoner sub-falnilies. Representatives inhabit both running 
and standing waters. The larvae arc in general, free-living predators. Their food consists chiefly of 
other Chironomid larvae and minute crustaceans. 

Antennae retractile; one-fourth to three-fourths as long as head; eye spots cordate, oval or renifonn; 
epipharynx and premandible rudimentary or wanting; mandibles sickle shaped or hooked; generally 
with one or two teeth 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 
teeth, 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; generally elongate, cylindrical; and papillae moderately to 
very elongate, with 7-20 hairs, anal gills four or six. 

GENERIC CHARACTERS 

Genus Clinotanypus Kieffer 

General Characters 

The larvae of the genus C linolanypus is characterized by the head moderately elongate, averaging 
one and a half times as long as il is broad; the antennae arc about three-fourths as long as the head; the 
mandibles arc hook like, paralabial comb absent. 

Characters obser\'ed 

The larvae measure 9 mm in length. The head is 0.42 mm long while the breadth is 0.27 mm. 
Head capsule pale yellowish brown and is broad behind, tapering anteriorly. Antenna three-fourth as 
long as the head. The larvae are pinkish white. Supcrlinguae not scale-like but is pointed and formed 
into serrations all along the margins of the lingua, lingua with six yellow teeth, the two laterals four 

times as large as the two central ones. The mandibles arc hook like, and have a black apex. Body with 
very few scattered hairs. The preanal papillae arc about four tilnes as long as they arc broad. Posterior 
prolegs well developed and have distinct claws. Four anal gills with pointed apices (Fig. 4). 

Genus Tanypus Mcigen 

General Characters 

The larvae of Tanypus differ from those of related genera in thal the head is relatively small, and 
there are six anal gills, one pair dorsal in position and close to anus, and the others situated on the 
base of the prolegs. The five teeth of the lingua of the hypopharynx are yellow in colour and are 
nearly equal in length. 

Characters observed 

The larvae is about 8 mm long and is !,fJ"eenish with a dark green head. Larval head (0.2 mm) short, 

and as broad (0.18 mm) as long. Antennae retractile about one-third as long as head, the basal segment 
more than five times as long as the terminal segments combined. The Inandibles arc short and broad, 
with a bristle toolh but otherwise without distinct teeth. The pale labial plate with pale paralabial 
plates is weakly scelerolized, and have about eight slnall rounded teeth on each side. The suspensoria 
of the hypopharynx is blackish brown with pale, closely set, hair like teeth in the pecten. The lingua 
is yellow and slender, and has five subequal teeth, superlingua pale. Fringe of scattered hairs are 
present in the body, but tuft of hairs only in the thoracic segment. Anterior prolcgs have pale claws, 
posterior prolegs arc yellow. Long preanal papillae. There are six triangular leaf-like anal gills which 
are about twice as long as they arc broad (Fig. 5). 

Genus Analopynia Johannsen 

General Characters 

The larvae bear paralabiuls and have scallered 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 
lalVa; D - Mandible. 
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Larva of genus TallYpus. 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 each side. Lingua of the hypopharynx bears 
five sub-equal yell,>:w teeth, the laterals unusually large, the middle one smal~. The superlinguae 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 yellow 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 scattered hairs. 

Characters obser\'ed 

The larvae measure 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 relnaining part of the body whitish. 
Body with scattered hairs. Anal gills slender and tapering. Paralabial plate absent. The lingua of the 
hypopharynx have five dark teeth, laterals bigger than the central oncs. Antcrior prolegs are very 
slender and tapering. The mandibles have a blackened apex and have distinct inner teeth. The claws of 
the posterior prolegs are simple (Fig. 7). 

Sub-Family ORTHOCLADIINAE 
General Characters 

The eggs of the members of the sub-family Orthoc"ladiinae, 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 tcrrestrial. 

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 either a single point or 
several points. the antehnae generally five segmented, rarely four or six segmented. Para labial plates, 
if present, never movable or radially striate; anal papillae occasionally lacking. The labial plate is 
provided with nine to nineteen marginal teeth. The anterior pro legs 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 larvae of this genus arc characterized by the curved first antennal segmcnt. they are large, 
white or amber coloured. 
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Larva of the genus AllatopYllia. A - Mandible; 
B . - Lingua and superlingua of hypopharynx; 
C - Paralabial plates; D - Head; E - Posterior end of 
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of hypopharynx; C - Posterior end of larva; 
D - Mandible. 
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Characters obser\'ed 

The larvae arc pale yellow in colour, measure II 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 plate are darker brown. There is a single eye spot on each side of the head. ~he antennae 
slightly curved, is five segmented. The mandible has five prominent teeth. The labial plate is provided 
with thirteen black tccth with the middle one distinctly smaller than the first laterals; the labial plate 
is blackened proximally for a distance equal to half its width. The preanal papillae are long. The anat 
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). 

I< 

Sub-Family CHIRONOMINAE 

General Characters 

This is the largest of the sub-families as far as number of species arc concerned. The larvae of this 
sub-family are gencralJy red but other colours arc also found. The paralabial plates arc well developed 
and usual1y striate and the mandible, with few exceptions has a preapical comb of .bristles. The 
antennae arc non-retractile. Both the thoracic and the caudal prolegs well developed. 

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

Tribe CIlironomini 

Antennae usually shorter, four to six segmented, the pamlabial plates arc striated and the mandible, 
in most cases, has a prcapical comb. 

GENERIC CHARACTERS 

Genus Polypedilum Kieffer 

General Characters 

The larvae of this genus generally red. The labial plate generally has 16 teeth, but some have 12 or 
14 teeth. Usually atlcast the median pair of teeth are elongate 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 
widely separated in the median line. 

Characters observed 

The larvae, brown in colour with comparatively small head. Anterior and posterior ends of the 
body darker. The larvae measures 6 to 7 mm in length. The head is short, and is pale bro·wn in colour. 
The mandibles have dark teeth. The labial plate has 14 leeth, the median pair almost equal to the 
second lateral, labial plate light brown in colour. The pantlabials are widely separated. The anal gills 
are constricted beyond the Iniddle (Fig. 9). 
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Fig. 8. Larva of the genus Brillia. A - Head; B - Labial 
plate; C - Posterior end of larva; D - Antenna; 
E - Mandible. 
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Fig. 9. Larva of the genus Polypedilum. A - Labial and 
paralabial plates; B - Heat:i; C - Posterior end of larva; 
D - Mandible. . 
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Genus Ilarnischia Kieffer 

General Characters 

The outermost teeth of the labial plate project forward in most species and the premandibles, 
though generally bi fld, show a tendency to an increase in the number of blades. The antennal blade is 
generally at the base of the 2nd antennal segment. 

Characters observed 

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

Genus Dicrotendipes 

General. Characters 

The labial plate has 11 to 13 teeth; the middle tooth may appear simple in mature larvae, but is 
notched midway of iL'\ length in early instal's. The lateral teeth of the Inandible are more rounded. 

Characters observed 

Body of the larva light green. head yellowish. Eye spots double and clear. The length of the body 6 
- 7 mm. Labial plate with 11 teeth, with the middle ones lighter lhan laterals. Mandible with dark 
teeth, all are different in size and shape, no blood gills on 11th segment. Five segmented antenna 
(Fig. 11). 

Genus Chironomus Meigen 

General Characters 

The eggs, are enclosed in a gelutious string which in tum is enveloped in a gelatinous mass. The 
larvae are slender and worm like, wilh a yellowish brown or darker brown oval head; the body in most 
cases is blood-red. The front is elongate, acute at the posterior end, and is provided with a few 
regularly arranged marginal brisLles. the antennae may have either five or six segments. the mandibles 
arc stout with an acute apex and have two or three usually dark marginal teeth, on the ventromesal 
side; proximal of the basal tooth is the pale accessory tooth. The labial plate has dark teeth, in most 
cases vary in size and in number with the species. ParalabiaI plates with few exceptions distinctly 
striated. The anterior prolegs have a pair of lobes with numerous curved bristles, the posterior prolegs 
with number of sharp claws. On the dorsal side at the caudal and of lhe twelfth segment there is a pair 
of small papillae. There arc four short anal gills and in some species that live in oxygen deficient 
waters, there arc also two pairs of elongate 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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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 closely 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 shaped. 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. Paralt:lbial plates well 
developed (Fig. 12). 

Tribe Tanylars;n; 

The larvae are characterized by a rather long, five segmented antennae mounted on a pro~inent 
tubercle or prominence. The basal segment is somewhat curved; nearly twice as long as the remaining 
segments combined and with a conspicuous lateral bristle. The paralabial plates are narrow and nearly 
contiguous on the median line. 

Genus Cladotanytarsus Kieffer 

General Characters 

This genus is distinguished in the larvae by the large lauterbom organs placed on short petioles. 

Characters observed 

Small. larvae measure about 3-4 mm. Light yellow coloured body. The head is darker with rather 
tong five scmented antennae with the basal segment somewhat curved, and mounted on tubercle, 
paralabial plates arc elongated and not widely separated. Labial plate with 11 light brown teeth with 
Iniddle one still lighter. Middle one barely notched on each side. Mandible with dark apical, lateral and 
d(H"somesal tooth. No spurs on the antcnnaltuberclc. Lautcrborn organ large with short petiole. 4 anal 
'l'lInded lobes (Fig. 13). 

Genus Calopsectra 

General Characters 

Lauterbom organs sessile on tip of second segment. tubercle without spur. 

( , J~ aracters observed 

Body length 4 mm to 5 mm. Antenna long and 1st scgment curved and longer than the rest of the 
anL!nnal segments. Paralabial plates close at center, blunt at inner spaces. Lauterbom organs sessile. 4 
.lo;ll gills. Labial plate \\Iith 11 teeth. Second antennal segment about one-quarter as long as first. 
\t~'dian labial tooth uniformly dark ,and simple (Fig. 14). 
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Fig. 14. Larva of the gen .. s Ca/opsect,.a. A - Head; B - Labial 
and paralabial plates; C - Posterior end of larva; 
D - Mandible; E - Antenna. . 
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Population Dynamics. 

As the taxonomical differentiation upto the species 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 three major sub-families, Tanypodinae, Orlhocladiinae and 
Chironominae. Under the. ChiroDominac sub-family both the tribes Chironomini and Tanytarsini were 
present. However, the lentic habitats possessed only two sub-families, viz. Tanypodinae and 
Chironominae. 

Lentic Systems 

Station I 

An anaiysjs of the seasonal observation at this station for the l wo sub· families present, 
Tanypodinac and Chironominac, seemed to be antag~nistic to each other. Except nuring the months, 
February and September, during the first annual ~ycle and in April during' the second. where they were 
more or less equal in numbers, all the other months revealed one to be dr8stically IIlure than ~e other. 
Chironominae dominated in the month. of March ~curring 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 revetse(J again after October when Chronominae 
registered 60-100% till March of the next"cyclc. The month of May showed a 'rend 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 
Clinolanypus. Tanypus, Jlarnischia. Dicrotendipes, and Cladotanytatsus. 

The genus Clinotanypus at this station was reCorded in the first two months of the study period, 
where the second month was nearly half of the first (160/m2 and 801m2). They disappeared f("onl the­
system subsequently to reappear in very low numbers (201m2) in the month of Septenlbcr and 
disappeared again in October. From November onwards, a significant increase in numbers weT~ S('.cIl 

till they reached a peak in January recording 400/m2• The next three months a decline was observed 
and they disappeared £:rom the system during the last two months (May and June). (Tablcll). 

The next genus TanypMS of the sub-family Tanypodinae, appeared in the system only from the 
third month of the study period in April recording 700/m2 and with a subsequent steady increase 
revealed a peak in July with 1560/m2• Thereafter, the numbers showed a decrease and then totally 
disappeared from ~e month of October. It reappeared only in May when the numbers were 780/m2. 
However, this fell drastically to 201m2 in the following months. The general trend of fluctuation was 
more obvious in lhe first year of stud~ as the genus was present in larger numbers and that too for 
many more months than in the next cycle (Table II). 

llarnischia, at this station was present in the first two months of the study period, February and 
March, with me latter showing a maximum occurrence of 740/m2. It, thereafter, was absent from the 
syS1eql 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 steadily increased till a peak wa obtained in 



TABLE II 

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

Clinolanypus 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 60 440 

D icrotendipes 200 - - - - - - - 20 40 320 - 320 - - - -
Cladotanytarsus - - - - - - - - - - - 400 - - - - 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 

n flarnischia - - - - - - - - - 80 80 20 20 20 80 - -
Dicrotendipes - - - - - - - - 80 - - - - - - - -
Clinotanypus 20 40 - - - - - 20 - 20 - 20 40 - - - -
Tanypus 240 - 20 20 - - 20 - 40 80 20 60 60 40 960 - 20 

III Polypedilum - - - - - - - - - - 20 - - - - - -
Ilarn ish ia 40 60 - - - - - 20 40 - 280 320 320 200 - - -
Dic.rotcndipcs - 20 - - 40 40 20 - - 120 - - 40 - - - 40 

C ladotanytarsus - 20 - - - - - - - 20 - 60 - - - - -

Clinotanypus - - - - - 20 - - - - - 20 - - - - -
Tanypus - - - - - - - - - - - - 20 20 - 20 -

N Polypedilum 20 180 20 - 20 20 20 - 260 900 160 20 20 20 240 - -
Ilarnischia 80 100 - - - - - - - 140 - - 40 - - - -
Gladotanytarsus - - - - - - - - - - 20 - - - - - -

Stn. - Station 
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the month of January with 700/m2• This fell drastically in the subsequent months but again a trend 
towards the increase was secn in March. The numbers again fell till May, which ,thereafter increased to 
small peak of abundance in the last month of investigation. This genus in its general seasonalilY was 
observed to possess a spring and winter maxima (Table II). 

The genus Dicrotendipes in the first month of the study period recorded 200/m2. It then disappeared 
totally from the system to reappear only in October. From then onwards, it rose steadily till it reached 
a peak of 320/m2 in the month of December. In the subsequent months it recorded nil. Thereafter, in 
the month of February, it showed a maximum number (320/m2) and disappeared from the system for 
the remaining period. This genus appears to be a winter occurring one in its seasonality of abundance 
(Table 11). 

The last genus Cladolanylarsus was present only in the last month, January, of the first annual 
cycle when its numbers recorded were as high as 400/m2. It reappeared in the system again only in 
June of the second cycle recording only a minimum of 201m2• In all the other months it was not 
available in the collections (Table 11). 

Station II 

At this station when the scasonaltrcnd of fluctuation was observed as a percentage among the two 
sub-families Tanypodinue and Chironominac, it was seen that the former sub-family dominated the 
station. Tanypodinae in addition to its maximal relative abundance which was nearly 100% during 
most of the months and never below 70% (October, November and Dccember), occurred throughout 
the period of investigation. In contrast, the sub-family Chironominae appeared at this stati.on 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 Chironomidae were represented by only four genera., They were 
Clinotanyous, Tanypus, 11arnischia 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 fonner were mostly 
present in the systcm at this station during the later half of the investigation period (Table II). 

The genus C linolanypus occurred in very low numbers (201m2) in March and August without 
being recorded during the period from February to September. Thereafter, it reappeared in the system 
in the month of October with a number of 401m2• Since then it steadily increased to reach a peak of 
140/m2 to steadily fall till May and recording 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/m2. It steadily decreased thereafter till June to rise again in July 
though not to a level as in Fcbruary, with a subsequent fall till October. From November onwards a 
rise and fall alternated lill the remaining study period. The genus seemed to definitely possess a winter 
nlaxima with only a slight increase in summer. 
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The genus Harnisehia occurred only from November ,to April, with the maximum record of 801m2 

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 W/m2 (fable II). 

Station III 

The two sub-families Tanypodinae and Chironominae at lhis station revealed a diverse f1uct\l8tion 
in the first few months of the study period with some significance thereafter (Fig.lS). This 
phenomenon is seen in the first two 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 Tanypodinae was observed, with an 
absence of Chironornina.e, followed by a similar occurrence of Chironominae and absence of 
Tanypodinae in June and July. Thereafter in the next fo~r months the abundance were nearly 50% 
each. From December onwards Chironominac dominated in the system upto March oscillating around 
82 - 90% wiLh very low abundances of Tanypodiitae. In April there was a sudden increase -of 
Tanypodinae with the total absence of Chironominae as was seen in April of the first annual cycle. 
The last month June recorded the usual Chironominae abundance. Station III was represented by six 
genera. They were Clinolanypus. Tanypus, Polypedilum, Harnischia, Dicrotendipes and 
Cladotanylarsus. 

All the genera were consistent in that, none of them occurred continuously throughout the 
investigation period. Of these Clinolanypus, Polypedilum, Dicrolentiipes and Cladolanylarsus 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 either 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 nearly 9(fJ/m2 (fable II). 

The genus Harnischia during the rust ten months of the investigation period occurred not only in 
very low numbers but also only four timcs. From December onwards they were suadenly seen to be 
abundant at this station with a number of 280/m2, which rose to a peak of 320/mZ in the subsequent 
two months. In March, though there was a fall it was not very significant as the numbers recorded 
were 200/m2. After that they disappeared from the system (fable II). 

Station IV 

The sub-families Tanypodinac and Chironominac at this station revealed a definite dominance of 
the latter. In fact Tanypodinac occurred only during five months of the entire investigation period and 
was only 50% in most cases except in the Inonth of May during the second cycle, in which, it was 
the only sub-family which occurred forming 100%. Chironolninac on the other hand was present 
nearly throughout the study period and was absent at this station, whenever the other sub-faml1y was 
also absent except only oncc. This non-occurrencc of the Chironominae was r~ordcd only four times 
and whenever it occurred, it was never below 50%. In most of the months it recorded a presence of 
100% (Fig.lS). This station was represented by five gcncrcl. 
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Clinolanypus, Tanypus. and Cladotanytarsus occurred sporadically at this station (Table II) and in 
very low numbers (201m2). 

The genus Polypedilum was present more or less throughout the study period except in May and 
September during the first annual cycle and during May and June of the second annual cycle. During 
the first eight months whenever they occurred, they were in very low numbers recording only 2O/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/m2 in the 
month of April before they disappeared from the system (Table ll). 

Harnischia in the system occurred only four times throughout the study period of investigation, 
during February, March, November and March again. A peak was seen in November with 140/m2 and 
a small increase was seen in the month of March of the first annual cycle (fable 11). 

Lotic Systems 

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

UMKHRAH STREAM 

Station I 

In this lotic system Umkhrah, there was a definite pattern of the occurrence of the three sub­
families from the 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 they occurred. Orthocladiinae and Chironominae at this station, 
fonned mirror images of each other in that when one occurred maximum the other was very less. 
Orthocladiinae during the nrst 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, December, 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 seen in this station as the gcneml trend of fluctualion seasonally (Fig. 16). 

At this station the representative genera were four, A natopynia , Pentaneura, Brillia and 
Chironomus. Of these Anatopynia and Pentaneura occurred only for two and three months respectively 
with insignificant numbers except as 320/m2 for Penlaneura 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 fonn a much smaller peak (-780/m2) in January. It again fell subsequently till 
May. A sudden 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 nearly 2000/m2 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 m 

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

First cycle Second cycle 

Stn. Genus JuI. Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. JuI. Aug. 

Analopynia - - - - - - - - - - 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 - - - - -
II 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 

Analopynia - - - - - - - - 157 157 263 - - -
ITI Pentaneura - - - - - - - - 105 - - - - -

Brillia - - - - - - - - - - - 631 - -
Chironomus 2105 789 1263 1578 1421 2578 8315 2894 2894 2263 421 3052 1736 1052 

IV Chironomus 1736 1526 2430 3420 1263 2052 7526 6368 4736 2263 263 1999 2105 2315 

V Chironomus 3.526 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 seen to rise and fall during the first eight 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/m2 to subsequently fall and rise in. the 
remaining months (Table III). 

Station II 

The next station in this system when observed for the seasonal 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%. Orthocladiinae 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 seen here. 

This station was represented only by three genera TanYPus t Brillia and Chironomus. Of these, 
Tanypus occurred only twice during the entire study period. The genus Brillia showed significant 
abundances in their 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 monlhs ~c ~umbcrs were far less and the lowest recorded was in February (521m2). 

In contrast, Chironomus showed a seasonal trend of abundance just opposite to BrUlia. Though 
they had increased numbers in July with nearly l000/m2 they fell drastically to rise only again in 
November. Thereafter a steady 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 levels in July and August of the second cycle as in July of the 
fust annual cycle (Table III). 

Station III 

Of the three sub-falnilies at this station Tanypodinae lhough occurred only three times from March 
to May yet the relative percentages were much higher than in the previous two stations. The 
maximum was seen in the Inonlh of May with nearly 40%. The sub-family Orthocladiinae unlike the 
earlier two stations was recorded only once in the month of June amounting to only 17% at this 
station III. The sub-family Chironominae was present throughout the period of investigation. They 
recorded 80 - 1000/0 with the least of about 60% in the month of May (Fig. 16). 

This station was represented by four genera, Analopynia, Penlaneura, Brillia and Chironomus. 

Of these, Pentaneura and Brillia occurred only once and Anatopynia three times. The genus 
Chironomus which recorded nearly 2000/m2 in the first month of the investigation period fell and rose 
in the subsequent months till a peak of more than 8000/m2 was seen in the month of January. The 
next three months it fcllto levels of about 2000-3000/m2 and the lowest recorded in the month of 
May (421/m2). Again the last three months a sudden increase was seen, with June showing nearly 
3000/m2 and the remaining two months with more than 1000/ln2 (Table III). 
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Station IV & V 

The last two stations IV and V of this lotic system was represented by the sub-family 
Chironominae only. The other two sub-families Tanypodinae and Orthocladiinae were totally absent 
in these two stations (Fig. 16). 

As is understandable only one 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 abundance between 1000 - 3000/ln2• A final peak of nearly 7500/tn2 was seen in 
the month Qf January which steadily fell during the next three months registering a drastic fall in the 
fourth month with only 263/m2 in the month of May. The .Iast three months again showed an 
increase in numbers to nearly 2000/m2 (Table III). 

A similar trend of fluctuation of this genus Chironomus was also secn at station V with a peak of 
nearly same numbers in the month of February. This oscillated for the next two months to rise to 
drdstic levels of 3000 - 4000/tn2. The lowest record was seen however in the month of October 
though the numbers were pretty high with 1500/m2 (Table 111). 

UMSHIRPI STREAM 

As in the previous lotic system, so also here the occurrences and abundances of Chironomid larv~e 
had a definite habitat specificity from the headwaters to the lower elevations. Here also, three sub­
families Tanypodinae, Orthocladiinae and Chironominae were represented. However, stations I and II 
of this lotic system had all the three sub-families while the remaining three stations III, IV and V 
were representcd by the sub-family Chironominae only. 

Station I 

In station I the sub-family Tanypodinae represented much less than the other two sub-families over 
the seasons. They were nearly 40% in the beginning and fell thereafter 10 very low levels in 
September to risc only in Dcccinber to nearly 35%. SubsequenLly, they rose and fell till a peak was 
obtained in April with nil records in June (Fig. 17). 

The sub-family Orthocladiinae recorded lowest in the beginning of the period to rise steadily till 
lhey rcached a peak of more than 50% in October. Subsequently, there was a fall till January which 
rose thereaftcr to reach another smallcr peak of a little over 40% in the month of March. In the 
remaining months, however, ups and downs around 20% was observed. The last sub-family, in this 
system WitS Chironolninae which followed a more or less reverse trend of fluctuation to that of 
Orthocladiinae. The peak was secn in August, nearly 80% and the lowest recorded in October with the 
second peak of nearly 75% in January. In last few months of the study period a similar rise and fall 
was obscrved in alternate months though the percentage was abo,:,t 70 - 80% (Fig. 17). 

Station I of this system was represented by six genera Tanypus, Anatopynia, Pentaneura, BrUUa, 
Chironomus and Calopseclra. 



TABLE IV 

SeasoDal distribution 01 the different genera of Chironomidae larvae in the stream Umshirpi 

First cycle Second cycle 

Stn. Genus Jul. Aug. Sept. Oct" Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. 

Tanypus 80 - - 80 160 180 - 220 - 100 20 - 20 20 

AnatoPJ"ia - - - 20 100 40 60 60 100 120 - - - -
P enlanellTa 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 

C a!opsectra 60 60 160 220 100 200 260 160 100 120 20 100 60 180 

Analopyn;a - - - - - - - - - 240 120 80 20 60 

P enlaneura 40 20 - - - - - - - 160 20 40 40 -. 
n 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 

C aJopsectra 20 60 40 80 4 60 40 60 20 - - - 20 20 

III Chironomus 1936 2420 3157 3999 1473 3420 8315 3999 894 263 578 894 1842 2105 

IV Chironomus 1842 1684 2526 2420 3789 5493 7526 7578 4736 842 578 1584 1578 1947 

V Chironomus 1789 2315 2894 1526 1999 4210 4894 6368 6315 6420 5052 584 1052 3052 

S tn. - Station 
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The genus Tanypus occurred in few numbers and also not prosent throughout the period of 
investigation. Th"cy began with 801m2 as their numbers, and rose steadily to more than 200/m2 in the 
month of February, when they formed the maxima peak, and thereafter fell till they reached 201m2 

(Table IV). 

Anatopynia occurred only from October to April, with peaks in November and April recording 
lOO/m2 and a little more (Table IV). 

The next genus Penlaneura though occurred for most of the investigation period except for two 
months, showed rise and fall throughoutthc period without any definitc trend of fluctuation. The peak 
value of 140/m2 was seen in March with minimal valucs in August of both the cyclcs (201m2) (Table 
IV). 

Brillia from the beginning of the investigation period steadily built its population till a peak of 
660/m2 as their numbers were attained in November. The numbers again fell to risc only in"March 
with a smaller peak of 400/m2, with a trend of rise and fall thereafter. The lowest record of 201m2 for 
this genus at station I was seen in the months of July and August (Table IV). 

The genus Chironomus similar to BrUlia rose steadily however with some rise and fall, but 
attained a peak in February with 400/m2: However, this peak fell to rise only again in June to reveal a 
larger ~k of 1260/m2, which fell in July to 46011'02 and again rose to 66O/m2 in August (Table IV). 

The last genus in this station, Calopsectra, with minor rises and falls, showed a peak in January 
with 200/m2 and a minimum of 601m2 in the month of July of the second cycle (Table IV). 

Station II 

This station was also representative of the three sub-families - Tanypodinae, Orlhocladiinae and 
Chironominae. 

The sub-family Tanypodinae was totally absent from the system for seven months, September to 
March. They showed a peak of abundance in April of a liule over 60% to fall in the subsequent 
month. The sub-family Orlhocladiinae with minor variations rose steadily to form a peak of nearly 
60% in November and subsequently fell to nil values by the end of investigation period. They, 
however, had minor ups and downs in their abundances. The sub-falnily Chironominae at this station 
began with densities of above 60% but fell in the subsequent months till November. Suddenly in 
December and in January they recorded nearly 85 - 90%, fell in February 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 attained a peak of 85% in the month of August of the second cycle (Fig. 17). 

The station II was represented by five genera, Analopynia, Penlaneura, Brillia, Chironomus and 
CalopseCtTd.. 

Of these the genera Analopynia and Penlaneura occurred for only 5-6 months and that too not 
continuously. In both, however, the peaks for maximum values were seen in the month of April 
(Table IV). 
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The genus BrUlia was seen to rise steadily till it reached a peak of about 420/m2 in the month of 
November. It thereafter fell and rose till July of the second cycle, recording the least of 201m2 and a 
total disappearance in the subsequent month of August (Table IV). 

The next genus Chironomus at this station with minor ups and downs, reached peaks of 540/m2, 

840/m2 and 400/m2 in the months of December, March and June respectively. The'lowest was, 
however, seen in the month of September with 120/m2 as their numbers (Table IV). 

The last genus C aiopseclra in the system 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 801m2 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 Chironominac, thercfore, formed 100% 
abundance in all these three stations (Fig. 17). 

Only Chironomus was represented in these stations. In station III the genus Chironomus built a 
population of nearly 2000/m2 to reach a small peak of about 4000/ln2 in the month of October. It fell 
thereafter, to rise and form the largest peak of abundance of more than 8000/m2 in the month of 
January. After that they again fell till the lowest was attained in the month of April with only 263 
individuals/m2. Subsequently, the population built upto a steady increase till it attained nearly 
2000/m2 in the month of August (Table IV). 

At station IV the population fluctuated at the beginning to rise steadily till it obtained a peak of 
more than 7500 individuals/m2 in the month of February. The population fell till it reached its lowest 
level of little more than 500/n12 in the month of May. A steady increase till nearly 2000/m2 in the 
month of August was observed (Table IV). 

In the last station V, (Table IV) the genus Chironomus, though increased till April, whcn it 
recorded nearly 6400/m2, yet smaller rises and falls were seen during the samc period. Hcnce, peaks of 
smaller magnitudes were seen in September and February. After the maximum attainment in April, a 
fall was seen in the subsequent months lill June with 584/m2 to reach a peak again in August with 
nearly 3000/m2. 

Physico-Chemical Factors 

Lentic Systems 

Station I 

The air temperature taken at 1 m above the surface of the water at all stations revealed a 
consistency ~ in that, the lowest, though recorded in the winter months was seen to be always in the 
lnonm of January. The present station recorded 11°C as the minianulH. The Inaximum was recorded as 
23°C in the rnonth of July. Both these were for the f.irst annual cycle. The second cycle which was not 
for one year showed a rnaxilnum of 24.5°C in the Inonth of April (Fig. 18). 
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The water temperature atlhis station ranged between 12.SoC and 23.3°C, the former recorded as 
minimum in the month of February and the latter maxianum in July during the first annual cycle. The 
trend during the second cycle was more or less 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 clear in this suuion where the maxhnuln 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 second cycle when the month of June recorded maximum with 60 cm (Fig. 18). 

The transparency reading as taken with 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 increase in June could not be attributed as maximum as the annual periodicity was 
not observed (Fig. 18). 

The pH of the water remained almost neutral throughout Lbe 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 each month recording 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 specific conductance as expressed in J.1mho/cm. It was seen to 
be maximum in the month of March (58.99 J.1mho/cm). Thereafter it fell and rose around this value 
till the minimum record wa~ 39.34 Jlmho/cm in the winter month of January. However, during the 
second cycle the values steadily rose till May which recorded neurly 60 Jlmho/cm and above and 
subsequently fell (Fig. 19). 

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

The next abiotic factor, Carbondioxide revealed a mirror ilnage of oxygen values. The maximum 
was recorded as 17 mg/1 in May, while the minimum was seen during the winter months of 
November to January, oscillating around 4.8 mg/1. The next cycle showed an increase in their values 

and a trend of increase in the summer months with April recording a maximum of 10 mg/l (Fig. 19). 

The last abiotic factor analysed was total alkalinity, contributed mainly by bicarbonate ions. This 
was seen to follow a pauern almost similar to that of free Carbondioxide. The values increased in 
summer showing a maximum of 45.2 mg/I in the month of June. The minimum values were recorded 
in the months of August and October with nearly 29 mg/1. The next cycle definitely showed increased 
values with a maximum of 48 mg/l in the month of May (Fjg. 19). 
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Station 

At station II the monthly variations in air temperature 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 temperature towards the summer months as seen in July with 26.2°C and a fall in winter, in 
the month of January recording 13.SoC. 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 
recordcd was in June with 183 cm, which thereafter fell gradually to 116 cm. in the month of January 
in the first annual cyclc. The second cycle also followed the same pattern (Fig.18). 

Transparency readings 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 maxi~um 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 least of 6.8 units (Fig. 19). 

Conductivity values did not follow any definite seasonal pattern. The readings oscillated between 
39.64 Ilmho/cm as the minimum during August to a maximum of 55 Jlmho/cm in March of the first 
annual cyclc. The next cycle revcaled maximum values, as recorded in March and April, with nearly 
58 fJ.mho/cm (Fig. 19). 

The dissolved oxygen values at this station, with increased values of nearly 7.5 mgll in the month 
of February, started to fan till they reached a minimum for the first annual cycle in July, recording 
only 5.6 nlgll. Subsequently, it rose steadily, till it reached a peak in the month of January recording 
a maximum of 9.8 mg/1. The trend, thereafter, was in the decreasing side as seen in the second cycle. 
(Fig. 19). 

F. ~arbondioxjde 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/l) respectively during the first annual cycle. A similar rise in values as 8.0 mg/l April ,V41~ seen 
during the next cycle (Fig. 19). 

The last abiotic factor considered 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, September and October 
recorded the minimum, while April recorded the maximum. A general summer maxima with winter 
minima was observed and this trend was also seen for the second cycle (Fig. 19). 

Station III 

Similar conditions of the physico-chemical factors was observed in this station as in previous 
stations. The monthly variation in air temperature revealed a gradual increase of temperature in the 
summer and decrease in winter months. The maximum air temperature was recorded in August 
(25.6°C) and the minimum in January (9.S0C). Water temperature fluctuations were similar to air 
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temperature. The temperature fluctuated between 12.5°C and 2S.2°C. The minimum and maximum 
were in the same months of January and July respectively. The second cycle in both revealed an 
increase, as it was the onsel of summer (Fig. 18). ' 

A tendency in the increase of water level during summer was observed, recording a maximum 
value of 100 cm in ,.\u!!usl. There was a gradual fall in this level in the following months, with the 
minimum being 35 ('Ill in January. The next cycle revealed a similar pattern. The transparency record 
did not reveal any definite 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 seen in the month of August with 6.6 units, while the maximum 
was in May, 7.5 units. Thc 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 
registered in the subsequent months. which thcn rose and fell around the value of 50 J,lmho/cm till the 
minimum was recorded in January. The next cycle began with a similar fluctuation, with a record of 
60 Ilmho/cm in April (Fig. 19). 

Dissolved oxygen values did not show any significant differences in the various months. The value 
oscillated around 60 mgt) and 9.2 mg/l, the 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 frcc carbondioxide present at this station fluctuated between 3 mg/l and 7.8 mg/l 
during the first annual cycle. The former was recorded as minimum in February and the latter as 
maximum in June-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 minianum in the month of February (26 mg/l). However, the 
months of August, September and October had the same value, 28 mg/l, very near to minhnurn. Once 
again, the next cycle the values were in increased levels (Fig. 19). 

Station IV 

At 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 level showed a maximal rise in June (267 cm) and a crop to 219 
cm recorded as minimum in April. No definite seasonal pattern was obtained. A similar trend was seen 
in the next cycle (Fig. 18). 

Transparency readings taken during different months were minimum in February (26 em) and 
maximum in May and July (58 cm). There was very lillIe difference in the values during the 
remaining months, with the values oscillating around 40 em. This was true also in the next cycle 
(Fig. 18). 
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pH of the watcr during the seasons ranged betwccn 6.5 and 7.4 units. Though there was no definite 
pattern of fluctuation, lesser values wcre recorded in the winter period. In the second cycle also the 
same condition prevailed, with values around the neutral (Fig. 19). 

Conductivity was secn to decrease in winter although no significant differences were observed in 
the different seasons. The maximum was seen in the month of March with a record of 59.91 
J.1mho/cm and minimum in January (14.1 J.1mho/cm). From the maximum to the minimum value a 
trend of steady decrease was observed, which continued for the next cycle with a rise only in May 
(Fig. 19). 

Dissolved oxygen ranged between S.4 mg/l and 9.8 mg/l. These values showed slight increase 
during winter and spring months. The inverse relationship to temperature was observed for oxygen 
values (Fig. 19). 

Fluctuation of frcc carbondioxidc did not show any significant differences and exhibited no seasonal 
trends. Only once the free carbon-dioxide rose as high as 18 mg/I in May while the minimum values 
were seen to be in the months of February and March recording around 3 mg/1. Such low values were 
also seen during the next cycle (Fig. 19). 

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

Lotic Systems 

UMKHRAH STREAM 

Station I 

The monthly variations, in the station I of the Umkhrah streanl, for air temperature revealed a 
maximum in June (24.8°C) and a minilnuln in January (16.6°C), revealing the usual summer maxima 
and winter minima. Water temperature also fluctuated between It.SoC 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 June (36 em). The w~dth of the stream also followed a similar pattern. Values 
ranged from 0.65 m, as recorded in January, to 2.5 m, as in May (Fig. 20). 

The pH readings at this station showed no major fluctuations over the seasons. It was seen to be 
mostly acidic, the values 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 seen to be maximum in December (46.2 J..I.ffiho/cm) while the 
minimum was recorded in November and February (37.8 JlDlho/cm). Here also there was hardly any 
drastic fluctuation (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/1. No significant fluctuation pattern was witnessed 
during the annual cyclc, and most valucs 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 factor to be considered which fluctuated between 22 mg/l and 40 mg/l. 
The value~ obtained in the different seasons were almost similar. The minimum was obtained during 
the month of July as 22 mg/I, while the maxilnum in September, 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 temperature revealed that the minimum was in December (16.7°C) 
followed by a steady increase recording a maximum in May (24.5°C). Water temperature similarly 
fluctuated from 16.SoC to 23°C recorded in the months of January and June respectively. The usual 
summer maxima and winter minima was observed (Fig. 20). 

--
Depth, like temperature, had the same seasonal pattern with the maximum being recorded in the 

month of June (23 em) and minimum in January (4 cm). There was a definite decrease from the 
summer to winter months and a subsequent rise in the following cycle (Fig. 20). 

Width of the station also sho\ved 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 values were around 5.4 and 6.5 units revealing the acidic nature of the system at this 
station. The. maximum of 6.5 units occurred in July which fell till it reached 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). 

Conductivity, as maximum was observed in December (46.25 I"unho/cm) while July recorded the 
minimum with 27.65 Jlmho/cm. There was a general trend of increase in the autumn months to 
winter and subsequent 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 increase during winter and 
spring months, the rnnge of magnitude was very low (Fig. 21). 

Carbondioxide content was nOl very high in this station and varied from 2 to 4 -mg/l. The 
maximum and minimum were recorded during the months of November and August respectively. All 
readings oscillatcd around the value of 3 mg/l (Fig. 21). 

Total alkalinity showcd an incr~sing trend from July to November with the latter month recording 
maxim.!lm of 4 lng/I. An immediate fall in the next month revealed the minimum, alongwith 
February. Thcfl:'ar [rr, a steady increase took place .. LiIl May (Fig. 21-). 
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Station III 

Like other stations of this stream U mkhrah, station III also followed a similar pattern for both the 
air and water temperatures. December recorded the minimum as 13.SoC and 12°C for air and water 
respectively. September rccorded, 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 decrease from August (16 cm) to February 
(9.9 em) followed by a gradual rise upta 22 em in June. The general trend of a decrease ~uring winter 
and a subsequent rise in summer was observed. Maximum widLlt at this station was observed to be in 
the month of June recording 1.85 m, while January and February recorded a minimum of 1.4 m. A 
similar trend of fluctuation as for depth was seen here (Fig. 20). 

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

Conductivity as the next factor revealed its highest value in October and December (54.07 
J.1mho/cm), while July recorded the minimum value of 28 J.lmho/cm. A trend towards an increase in 
late autumn and winter was observed for litis factor (Fig. 21). 

The dis~olved oxygen values at this station oscillated around a maximum value of 8 mg/I for most 
of the months. The maximum, however, was recorded in the months of January and February with 8.4 
mg/1. Silnilarly, the minimum values recorded were during the months of September' till December 
with 4.5 mg/I as the average values. A definite increase in values during winter was o1>served with 
minor exceptions (Fig. 21). 

In comparison with other stations, frcc carbondioxide content was quite high in certain months, as 
in December (9.5 mg/I). 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 earlier months of the investigation period. A minimum of 20 
mg/l as in July, showed a rise in content till October and finally reached a maxima in February (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 IV 

The range of air temperature was between IS.SoC and 23.8°C as observed in the months of January 
and September respectively. Similarly, a gradual fall of temperature in winter, recording a minimum 
in January of 14°C. which then rose steadily to record a maxiJnum in June (22.5°C) was observed for 
water temperature (Fig. 20). 

A similar pallern was seen for depth, in that, January and February recorded a minimum of 9.2 cm, 
while June recorded a nlaxinlunl depth of 14.5 cm. The width of the stream at this station also 
increased in SUlnmer, specially in the rainy season, 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 ncar neutral throughout the period of investigation. A 
maximum record of 7.4 units was seen in July of tbe next cycle and otherwise no drastic fluctuation 
was observed (Fig. 21). 

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

Dissolved oxygen content fluctuated between 4 and 7.2 mg/l. The maximum content was seen to 

be present'in the month of July and minimum in January. A summer maxima with winter minima 
was secn in the ftrst cycle but the trend reversed in the second (Fig. 21). 

Free carbondioxide content of this station was low during the curlier periods of the investigation 
but a gradual rise was observed from November onwards, showing a maximum record of 10 mg/l in 
February. This was followed by a decline in the subsequent 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 Ing/l in July, which thereafter increased 
upto 48 mgll in December. The content then fluctuated around 36 mg/I to rise 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 temperature revealed a consistency in that, the lowest values were recorded in the winter 
months, in this station, in the month of February with 15.9°C. The maximum air temperature was 
seen to be in the month of Septelnber recording 23.4°C and not in the peak. summer months 
(Fig. 20). 

The water temperature. however, revealed the usual winter minima as in January (14.1°C) which 
recorded the least, 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 seen in January as 20 cm 
and June as 3~ cm respectively. There was a fall in values during the autumn months which steadied 
in winter and rose subsequently (Fig. 20). 

The width readings taken was seen to be minimum in January and February and maximum in July, 
the former being 7.4 m and the latter 8.1 m. There was hardly any significant fluctuation (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 values oscillated around 7 units (Fig. 21). 

The next factor conductivity also did not follow any definite seasonal pattern. It ranged between 
38.07 Jlmho/cm and 8.5 Jlmho/cm, recorded in the months of January and April respectively 
(Fig. 21). 
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Dissolved oxygen values were comparatively low throughout the period of study in comparison 
with the other stations of the system. It fluctuated between 2.8 mg/I and 5.4 mg/l. February recorded 
its' minimum and November its maximum (Fig. 21). 

In contrast to oxygen the next abiotic factor free carbondioxidc content revealed a negative 
relationship. Maximum values were recorded in February as 10 mg/l and minimum in May with 3.5 
mg/l, for this factor. There was an increase in winter with summer nlinima (Fig. 21). 

The values recorded for the total alkalinity were secn to increase during the winter months. March 
recorded the highest content (48 mg/I) and minimuln was recorded in August (22 mg/l). There was a 
slight increasing pattern for this factor from sumlner to winter (Fig. 21). 

UMSHIRPI STREAM 

Station I 

December recorded Ininimum lemperature for air and water, the values being lI.8°C and IooG 
respectively. Air temperature rose upto 23.2°C during September, but 21.5°C was the maximum for 
water temperature as observed in the month of March (Fig. 22). 

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

A minimum width was seen at the beginning of the investigation period which flucutuated around 
3.4 m to 3.7 m upto February which th~n increased in May and June (4.1 m) to reach the maximum 
of the first annual cycle. It oscillated around these values thereafter (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 September (Fig. 23). 

Conductivity as the next factor started with a least value of 21. 7 J..l.ffiho/~m, which increased in the 
following months recording a maximum in November (38.99 Jlmho/cm). The values then oscillated 
around 36 Jlmho/cm in the subsequent months (Fig. 23). 

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

Though July recorded minimal value for totul alkalinity (18 mg/I), it fluctuated from 20 .. 26 mWI 
in most of the months. November recorded 30 Ing/l being maximum for this station (Fig. 23). 

Station II 

The range of air temperature recorded in the different seasons fluctuated between 11.2°C and 
23.1°C, observed in January and Septelnber respectivcly. The watcr temperature was maximum in 
September (2t.6°C) and nlinimum in January (to°C) (Fig. 22). 
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Both depth and width showed a gecreasing during the colder months of the year. February recorded 
minimum depth (9 cm) and July thc maximum (32 ca:n). WidLh was maxiInum in June and July (2.35 
m), whcreas Fcbruary and October minilnum width (1.7 In) was recordcd (Fig. 22). 

l'hc pH was in the acidic range nuctuating from a minimum of 4.8 units in August to a 
maximum of 7 units, thc latter reading recordcd in January and February. Thcreafter, pH declined to 
5.8 units in June (Fig. 23). 

Conducti~ity values were also seen to be high in January (6X.2S ).1mho/cm) and minimum in 
August (22.05 J,J.mho/cm). Except Ja~uary, no significant difference in the conductivity values were 
obscrved in between the different months. Thcre was a winter maxima and summer minima (Fig. 23). 

Dissolvcd oxygen values werc moderately high throughout the period of study, although slight 
incrcasc during winter and spring months was seep. August rccordcd thc peak value (8.8 mg/I) , 
whereas July and June recorded the minimum content (Fig. 23). 

Thc range of frce carbondioxide content was from 3.5 mg/I to 7.2 Ing/l without exhibiting any 
seasonal trends. The maximum and minimum content was recorded in the nlonths of July and 
February respectively (Fig. 23). 

August showed a very low content for total alkalinity (16 lng/I), \vhich increased in the subsequent 
months to touch the maximum, as seen in November (28 mg/I). It thereafter fell in January and 
February to fluctuate around 22 mg/I to 26 mg/I in the following months (Fig. 23). 

Station III 

Temperature at this station, for air and water, were seen to follow similar trends of fluctuation. It 
recorded 23.5°C and 20.5°C for air and water respectively, as Inaxilnum, in the Inonlh of September, 
to fall in December, as the Ininilnuln, when they recorded II.5°C and 9.5°C· for ai~ and \vater. It, 
thereafter, increased stcadily till the cnd. of the investigation period (Fig. 22). 

The fluctuations of depth revealed, that, in the beginning of the sLudy period values werc 
maximunl (36 em as in August), which steadily fell in the following months recording a minilnuln 
in May (18 em). In the same manner width was also maxirnum during August (7.95 m), decreased 
gradually and recorded a low 4.95 m in 'March (Fig. 22). 

From July to November the water was in acidic range. It then increased to touch the alkaline point 
(7.2 units) in January, to thereaftcr, rcmain ncutral [or the subsequent two Inon~s. Except April (6.9 
units) the pH values fluctuated between 7.0 and 7.2 units (Fig. 23). 

Conductivity on the othcr hand ranged from 44.1 J.1mho/cm La 78.75 J.1mho/cm, as observed in the 
months of September and June respectively. Although the fluctuation rangc· \\'as quite high, no 
seasonal pattern was observed (Fig. 23). 

Dissolved oxygen content was also moderate except in certain InoDlhs, where it increased upto 
10.2 mg/l as in December. In other Inonttls the values ranged froln 5.4 Ing/l to 8.9 lng/I, the Conner 

recorded a minimum in the rnonth of SepLclnber for this station (Fig. 23). 
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In (:onlr~l~t, carbondioxide content was Inodcratcly high, fluctuating from 4 mg/l 1p 15 mg/l. The 
Inaxilllulll record was observed in April whercas both in September and January the minimum was 
rr~orded (Fig. 23). 

The last abioti(: factor considered \vas to~l alkalinity. T~e content was low in, the months of July 
to October which then rose in Novenlber, when it recordcd the highest value of 44.6 mg/l. The values 
then oscillated bct\v('~n 24 and 37 rng/l and suddenly declined in May recording the minimum content 
of 20 rngjl ror that year in this station (Fig. 23). 

SI1IItion IV 

The monthly variation of air temperaturc revealed that, minimum temperature occurred in January 
(16.S 0 C), follo\vcd by a steady risc, recording maxil~uln in April (25°C). Watcr tempcrature values 
l1ucluatcd from 16°C to 22.8°C. The Inonths of January, Fcbruary recorded the minimum, while 
August the Illaximuln (Fig. 22). 

Maximum depth was seen to occur in June recording 32 em and minimum in January (16.7 cm). 
No {k finile nuctuation was observed (Fig. 22). 

\V idLh was more in this station ranging from 6.8 m to 8.2 m as seen in November and June, 
representing the minimum and tnaximum values (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.S units was seen in February which then fell down to 7 units in April 
and May (Fig. 23). 

Conductivity also did not follow any parLicular paLlern. In July only 31.22 J.lmho/cm was seen to 
occur which increased considerably in the subsequent months to 84 J.1mho/cm in February. From 
March, lesser values \vcre obtained fluctuating between 59 and 75 J.llnho/cm (Fig. 23). 

The range or dissolved oxygen obtained from the annual cycle reading revealed that the content was 
as high as X rng/l in certain rnonlhs, likc August and Novclnbcr but the values went down to 3 mg/l 
in September. No trend was observed seasonally (Fig. 23). 

The free carbondioxide content was 4.2 mg/I in the beginning of the study period which went 
down to 4 mg/I in August but increased upto '8.6 mgtl in October. November again recorded a low 
content (4.2 mg/l). A maximuln of 14 mg/I \\'as seen in ~1arch, when it subsequently rose and fell 
(Fig. 23). 

Only] 0 mg/I in January recorded as the minilnulll for the total alkalinity content in this station. 
BUL a record of 48 mg/I \vas seen to occur in March \vhich was the Inaximum content for this station 
(Fig. 23). 

Station V 

Minimum temperature recorded in this station was in the month of December (to C and 9.S0C) for 
both air and water temperature respectively. However, the maximum tcmperature \\,~h ..;een to be 25°C 
and 23°C as rccorded in the months of Scptclnbcr for both the factors (Fig. 22). 
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Depth maintained almost a constant value from September to March (17 cm to 18.5 em) but a 
maximum depth was observed in July (25 cm) (Fig. 22). 

The range of fluctuation in width was negligible, the minimum being 5 m and maximum 6 m. 
The fonner 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 values were observed during the 
following months. 7 units recorded in January, maintained in February and again lowered down to 6.9 
units in March. 7.3 units the maximuln for the entire annual cycle recorded from May onwards upto 
the end of the investigation period (Fig. 23). 

The next factor conductivity was seen to be minimum in the month of January (36.19 J.1I11ho/cm). 
The maximum conductivity value was as high as 84 Jlmho/cm recorded in April which remained high 
in the subsequent months. The first few months of the previous cycle had lesser values (Fig. 23). 

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

In the first eight months of the annual cycle studied, the free carbondioxide contcnt oscillated 
between 3 and 7 mg/1. The value of 10 mg/I was seen in March which again fell down to 8 mg/l 
during April and May to reach the maximum in June (12 mg/l) and again in August (Fig. 23). 

The last factor lotal alkalinity ranged between 36 mgll and 47 mg/l during the earlier months of 
the investigation period. But from March the values increased upto 60 mg/I as recorded in April and 
Mayas maximum. This higher tendency of values continued in the subsequent months (Fig. 23~. 

Age-Class Distribution 

In addition to the general population analysis of the Chironomid larvae at generic levels, it was 
felt best to analyse genus Chironomus in greater detail. This was done by grouping the larvae into 
four different stages based on their length measurements and some morphological chardcters. Bas~ on 
this, a percentage composition of these different stages were seen for their abundance over the seasons 
in the prescnt investigation. 

These length groups are characterized and related to the age of the larvae. Such age-group analysis 
have also been done 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 different age groups have been 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 little below than 1.5 nlm. 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 eye-spots and Inandibles slightly blackened. Colour of the larvae was pink. 

The third stage larvae ranged from 5 to 10 mIn. 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 larvae from 10 mm upwards. The characteristic 
feature were the swelling of the thoracic segments and in particular the first and second thoracic 
segments. The colour of ~ larvae was deep to dark red. 

UMKHRAH STREAM 

Station I 

In July, during the first month of the $'tudy period the 3rd stage larvae 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 \vas present with a very low percentage (9.4%). In September, stages 1 and 2 
were absent, but stage 4 constituted the 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 recorded 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%), \\,hercas the 
other three stages were present in appreciable proportions. In April and May, however, only stages 3 
and 4 were available, equally proportional, but in June the density of stage 4 increased to 77.8%, 
when stage 3 remained at 22.2%. During this month stages 1 and 2 were absent. In July stage ~ 
reappeared with a considerable percentage, equal to stage 3 (41.7%). The month of August of the next 
cycle was characterized by an abundance of stage 3 larvae (66.6%), while stage 2 recorded only 33.3% 
and 1 and 4 were totally absent (Fig. 24). 

No definite trend of fluctuation was seen in the stages of 1 and 2. However, an increase in the 
aululnn 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 dominanc.e of stage 3 followed by stages 2 
and 4. In August again stage 3 constituted the larger proportion (75%) and stages 1 and 2 were absent. 
September 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 
1arvae. In November, stage 1 was abundant, forming 50% of the total population followed by stage 2 
(29.2%), w~ile in December stage 3 showed a definite increase over the other stages (50%). A rise in 
percentage was secn from stages Ito 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 stage 4 were more recording 
45.6% and 60% respectively. In June and July stage 3 continued to be the important group with 
66.1% and 52.4% respectively. Stage 1 was totally absent at this station for three months May, June 
and July, while stage 2 was absent 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 observed here, in gcneml for all the stages (Fig. 24). 

Station III 

This station revealed that in July and August, stage 4 larvae were dominant with 52.5% and 60% 
respectively, while the other stages though present, were in lesser proportions. But in September a 
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reverse condition was observed, in that stage 1 and 2 were more (45.8%). October exhibited an 
abundancc of stage 3 larvae (53.3%), whereas in Novelnber and December it was characterized by the 
dominance of stage 2 (51.8%) and 1 (40.8%). In January and February stages 3 and 4 were more, but 
in May and April stages 2 and 4 were ahnost equal in their percentages. Stage 1 larvae. were not 
recorded in April and May. Stage 3 larvae were observed during May and June to be maximum with 
50% and 37.9% respectively, followed by the dOlninance of stage 4 (57.6% and 40%) in the l«;1st two 
months. These months, though, had other stages, were not very significant. A similar summer­
autumn maximum for the 3rd and 4th stages were observed 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 observed. In August and September stages 1 
and 2 were more, although other groups were present, while in October stage 2 was dominant 
(47.70/0). 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 eltual in percentage occurrence. In 
January it was stage 1 (32.90/0) and in February stage 4 (44.6%), which were in higher densities. 
March and April recorded again higher percentagcs for stage 4 larvae, but stages 2 and 3 were also 

c 
present with moderately high percentages. An increase in the stage 3 larvae was seen in the next 
month recording 40o/c while the othcr populations were with only 20% each. This was followed by an 
increase in stage 4 larvae in June. July and August were characterized as maximum percentages for 
stage 2 (350/0) and stage 1 (400/0) respectively. At this station there seclned to be a definite rise in Lhe 
stages 1 and 2 during the autu,nn rnonths, and stages 3 and 4 were much less than in other stations 
(f.'i!!. 24). 

Stati()n V 

July and August at this station showed stages 4 and 2 as major fractions of the populations 
respectively. Lafvae belonging to stage group 3 wcre dominant in both the months of September ,md 
October, followed by stage 4. In Novelnber, stage 1 recorded 33.3% and in Deccmber stage 2 had 
33.70/0 which were dOlninant. In January and February all the stages constituted moderately high 
population percentages, though stage 2 (39.8%) and stage 4 (46.70/0) represented more. Stage 4 
remained maxilnuJn in the next t\VO JllOnLhs also, while in, ~1ay the percentage of stage 2 larvae 
(39.20/0) was high. June and July were characterized by the popUlation density (47.70/0 and 51.3 %

) of 
stage 3 larvac. June was rnarked for the absence of stage 1 larvae. In August, stage -1 larvae not only 
reappeared but revealed a IllaxinlUJll of 50(;c, followed by stage 2 (39.2%), which constituted the Inajor 
fraction of the population. No general trend of fluctuation \vas observed at this station (Fig. 24). 

UMSHIRPI STREAM 

Station I 

At this stHtion the stage 1 larvae which was the rnaximum in the month of July (75%) at the 
beginning of the investigation period fell subsequently in the next month (57.1 Ok), but still 
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l'olnprising the maximum portion. Stage 4 were absent during both the rnonths. 50% of the total 
population belonged to stage 3 larvae in Septelnb~r. '.1 October stage 4 (42.8. %) was maximum. In 
Novelnber a steady increase of the stage 3 population (56.4%), while in December and January by 
stage 4 recording 56.4% and 64.31 %. February was marked not only for the dominance of stage 4 
(55q) but also the 1l1inimum percentage of 5% for stage 2 was observed. Stage 1 larvae were absent 
for three months from February 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 
pcn:cnlages being 66.70/0,400/0 and 58.7%...rcspcctively. June did not record any larvae of stage 1 but 
in July a peak population of 60.9% of stage 1 was seen. This was followed in the next month of 
August by stage 2 recording 42.4%. Swge 4 in both the Inonths of July and August of the next cycle 
were rninimuln. A trend or winter maxima for stages 3 and 4 were observed with a summer-rainy 
rnaxilna for 1 and 2 s~lges (Fig. 25). 

Station II 

This station was marked by the Inajor donlinancc ~f st.age 1 larvae in the first two months of the 
annual cycle. Like station 1, stage 4 was absent in July and prescnt only with 10% in August. 
Absence of stage 1 \vas se~n in Septclnbcr and October, while it formed. a maximuln in November 
(36.4 <;'c;). Stages 3 and 4 \verc, however, dominant in Scptel~ber and October with 50% and 57.1 % 

r~spcctively. In December the percentage of ~1I the four ~tages were bCl\vccn 18.5% and 29.6%. A 
considerablc increase of popul~lion of stage 4 (73.3%) was seen in January, \vhich formed the 
rna\irllUm in February also, though the percentage reduced to 57.1 %. 54.8% and 30.90/0 of stages 2 
and 3 respectively were present in March followed by the dominance of only stage 3 (80%) in the next 
mOllth. No stage 1 larvae were seen in April. A considerable inc~eas~ of percentage of stage 4 (54.5% 
and 85%) was again not.iced in May and June and stages 1 and 2 were not recorded in June. Again in 
July and August a complete dominance of stage 1 larvae \vas seen recording 57.1 % and 43.8o/c 
r~~pccti"ely. A silnilar SUlnlncr maxinla for 1 and 2 stages wcre observed here (Fig. 25). 

Station III 

The stage group analysis for t.he genus Chiro.nomus at t.his station followed the same pattern like 
the first two stations. A dOlninance of stage 1 followed by stage 2 group was seen as 42.4% and 
45.790 in July and August respcctively. This was succeeded by stages 3 and 4 in the ~ext two months. 
During Novclnber and Decc?lnber it was stage 3- asain with 39.7% and 30.8% in the respective 
rnonlhs, which sho\\'cd the Inaxilnam of the totai. a1Lhough other stages wcre also prescnt with 
con-.;iderable percentages: In January, stage 3 domiqated the other stages (38.7%) and those belonging 
Lo ~tagc 4 also \vcrc reasonably high (34.8%). Stagc' 4 increased steadily in the next month upto 
42.190 but in March, dOlninance was seen by stages 2 and 4, 29.4C;~ In both cases. In April 80% of 
the population \\'as of stage 3 larvae, whereas stages 2 and 4 were absent from the system. It was 
stage 3 which again dOlninatcd in rvlay (45.49c). In June stages 2 and 3 h4\d high densities of 41.2% 
and 35.3% respcctively, folIo\\'cd by a gradual fall in percentage in the subsequent rnonths. July and 
August were dOlninatcd by Stage 1 (60CJo) and Sl.nge 2 (42.S0k) respect.ively, whereas larvae belonging 
to stage 4 were minimufn in thosc two Jnonths. No definite trend was observed (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 to be more in September (39.6%) whereas 45.6% of the density was of stage 4 larvae in 
October. A steady increase of stage 3 larvae from 31.9% to 41.5% was wiblessed in December but the 
percentage fell in the next month, when again stage 1 took over and was dominant (32%). In 

• 
February, March and April stage 4 continued to be the dominant group recording 42.4%, 42.2% and 
68.8%, in the respective months. Stage 1 disappeared from the system .in April and reappeared again 
in June with only 9.4%, but thereafter rose steadily in the subsequent 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 moderate 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 Inonlh of the study period, stage 1 larvae were dominant 
(55.9%), which steadily decreased in the sub8cquenl months. Stage 2 which was dominant in August 
(47.7%) maintained almost a good percentage of population in September and October and again 
formed the maximum (36.8%) in November, December (41.2%) and January (39.8%). October 
recorded the maximum population of stage 4 (37.9%), which fell in the following months. Stage 3 
larvae represented more in September (34.5%), which decreased grc.ldually in the subsequent months 
upto 9% in February. In February on the other hand stage 4 was dOlninant (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 were equally represented in June with 38.5% whereas stage 1 was 
absent. However, stage 1 larvae reappeared in July with a very high percentage (70%) and still 
continued to be the major group in August (53.4%) also. The summer .. rainy maXima for stage 1 and 2 
was observed (Fig. 25). 

Emergence Studies 

As trapping began, a steady increase in nUlnbers of the total adults captured were seen in the first 
eight 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 monlh 60 individuals were recorded, which incidentally is also the highest catch 
throughout the emergence 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 females of this adult population were seen for their seasonal 
emergence pattern, a general mirror image of emergence was observed between the males and females, 
at least during the peak periods of emergence. In most cases the felnales emerging were much more 
than the males except probably in the first few days and last few days of June. Peak periods of 
emergence in females were secn in the first, second 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 frrst, 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). 
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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 pgure seems 
to be low for a tropical situation. More so, when compared to some temperate or sub-tropical 
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situations, where densities reported pcr sq. marc 10,000 or more (peterson and Fernando, 1970; 
Jonasson, 1972). S incc both the lentic systclns were situated at a low altitude, they should have had a 

greater population density, but wilhout conlparalivc ligures for the north·cast it is difficult to attribute 
anything spccific other than our own work. The paucity of Chironomid population for Indian 
conditions. however, have been shown by Michael (1964) and Alfred (1973a), even at latitudes with 

higher temperatures. The concept that populations which occur in small lakes regardless of latitude arc 

partially related to high tenlpcraturc u)so exist (Schindler and Hohngren, 1971; Schindler, 1971). 
Ho\\,cvcr, as far as the occurrences of the species, it was seen that the present lentic systems offered a 
greater variety even at generic levels where nearly six gcnera were recorded in contrast to only five 

~pccjcs in South India (Alfred. 1973a). The one notable feature was the total absence of the genus 
Chironofnll.s in all the stations undertaken. However, the genus Tanypus was seen to dominatc at all 
the stations except one~ the fourth station. Further, asnong the two genera, Clinolanypus and Tanypus 
under THnypodinae, there was a clear alteration scasonally in their abundances, Even when one 
o((.;urrcd throughout, yclthe densily lluctualions were lower during the occurrences of the other, as in 
the prescnl investigation at station II (Table II). Such a niche differentiation either for space or food, 
and possibly controlled by teJnpCralu~c, clearly seen between the two genera Clinolanypus and 
TanYPlls, of the sub-falnily Tanypodinae t was not obvious for the genera under the sub-family 
Chironominae. The four genera Polypcdilum, Ilarnischia, Dicrolcndipcs and CladolanYlarsus of the 
sub-family Chironominac, though did not occur always in all the stations but whenever they occurred 
it was seen that they always synchronized with the occurrence of Clinotanypus. Generally, therefore, 
from the prescnt investigation it can be seen that Clinolanypus and all the genera of Chironominae 
lollowed a wint.cr maxilna and sumrncr Ininimu, wiLh Tanypus showing just the reversc. However, as 
a relative abundancc. it was seen that the sub-family Chironominae, whenever they occurred with 
Tanypodinae the formcr were much .nore. This is very obvious from the present investigation as seen 
in Fig. 15. Hencc, on a hroader categorization, Tanypodinae revealed a surnlner Inaxima, while 
Chironolnin,tC a winter (llaxillla, their o(,x:urrences altenl,uing with each other. 

In the prescnt investigation, since the categorization upto species level was not possible, the 
characterization or habitat of this lentic sysLCrn has been prirnarily done on the diagnostic characters of 
the gcnus. In ccrillin cases such charactcrization is enough (FiLLkau~ 1968), though preferably species 
diffcrcnlion is 1l10re ideal for understanding, ecological differentiation. Even at this level, it was seen 
thal as onc travcrsed froln stations I to IV, there was an increasing productivity, indicative of the 
eutrophic status of the lukes, represented by the low nUlubers' of Tanypodinae, with an increase in 
Chironominac. The validity of such Chironomid cOlnmunitics as indicators of trophic level has been 
sho\vn by Brundin (1956). This lake typology founded only on Chironolnidae is now recognized as a 
\vorldwidc validity. However, it was seen that larval population densities of the summer generations, 
and in large the genus TanYPlls, were rnuch Inore in density than the overwintering generalions of the 
gcncnl of Chironolninac. 

This could probably be due to the facl, that density dependence alone cannot only lead to patterns 
of stable cyclic oscillations but also to irregular fluctuations. As seen 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 Ta~ypodinae and Chironominae, in discrete nic~est as it .were,had become pronounced within the 
.lake 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 
,aswct is very well documented in the present study as there were considerable differeqces in the 
generic composition of the Chironomid populatio~s. A greater variety was seen 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 profun(.lal areas. However, due to factors like low 
mortality, sporadic occurrences and increase of populations, synchronized to seasonality, 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 less summer maxima and winter 
minima. The reverse was observed. only in the case of dissolved oxygen. A simple observation would 
therefore 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 water per se but to waters in their manifold forms which produce 
such biotopes. Therefore, the present investigation of the physico-chemical parameters were done to 
elucidate and identify the resulting 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 scene only in the last three decades. Of these. the 1acuna is all the more feit 
for benthos in freshwater biotopes. However, works throughout the wortd in this field have helped us 
to a large extent to take cognizance of the priorities even with the handicap of essential facilities. Of 
the nine physico-chemical factors undertaken the atmospheric temperature was seen to playa direct 
effect on the surface ~ater tempcr~ture in tluit it usually followed closely behind that of atmospheric 
temperature with a few exceptions (Fig. 18). The annual range of variation in the surface temperature 
revealed that genera of chironomidae encountered were subjected to fluctuation ronging 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. t 8). This uniformity of temperature variations, though on the higher side, 
has been pointed out by many earlier 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 arc wide, again documented by these 
workers. This may probably control the bchavioural pattern of Chironomids, when they are known to 
be confined in their mud lubes at the cool bottom with increase in surface temperatures (Rzoska, 
1961; Weir, 1969). Ganapati (1960) has· observed that thennal gradations were more stable in tropics 
from his work on the tropical waters of South India as it co-ordinatcd with changes in the density of 
these waters. This may, therefore, be applied also in the present situation where the lentic system 
possessed a large area 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 211 cm and 261 em. Inspite of the shallowness the actual range of 
variation at the four stations were 85 em, 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 the maximum depth, indicative of 
specific ecophysical conditions at these stations. For comparison very little informations is available 
on these aspects for tropical species. Tropics in general are known to control their water levels 
prim,arily on the amount of rainfall. The prescnt system located in a geographical area of high rainfall 
was~ndicati,ve of this phenomenon in that the maximum depth was found during the miny season and 
the lowest was during winter months. It is known that the water level goes down at lower latitudes 
due to increase in temperature in the sumlner months. However, in the present system since the 
rainfall extends to a larger part of the year, inclusive of summer months, the lowering of the water 
levels during winter is partially due to the increasing photoperiod. Winter, therefore, are the months, 
when with cloudless sky, the evaporation that has to 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 due 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 occurrenCl! in marginal shallows are not quite known though 
reponed earlier (Alfred, 19733) and probably attributed to a positively phototactic nature as for most 
anostracans (Bernice, 1910) and conchostracans (Royan, 1912). 

The next factor tmnsparency which is effected due to silting, microscopic organisms and suspended 
organic matter (McCombie, 1953; Bamforth, 1958) in this lentic system was seen to range between 
26 cm and 80 em indicative of wide fluctuations. The range of variation at each station was observed 
to be 20 cm, 42 cm, 48 em and 32 cm again showing a 50% variation from its minimum or 
maximum records in transparency also. This factor in the first three stations showed a drop in the 
summer-rainy seasons and highcr values just after the rains and the beginning of winter. Station IV, 
however, followed a pattern in the reverse 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 chief source of turbidity in waters is of overriding importance. Moreover, abundance 
of the plankton composition and detritus also affects transparency particularly in tropical situations 
(Roy, 1955: Michael, 1964: Krishnamurthy and Viswaswara, 1965; Sumitra, 1969). These factors, 
though not analyzed in the present investigation, are probably true only in eutrophic conditions, as 
has been indicated for Chironomid populations and transparency by Alfred (1973a). Therefore, 
precipitation could have both beneficial and detrimental effects in lake systems, and in particular, on 
poorly buffered ones as in the prescnt investigation (Dillon et. al., 1978; Thapa, 1982). 

pH as the next faclor was mostly seen Lo be 011 thc neutral side. However, the buffering capability 
in this system, and at all the stations, revealed a very marRed nature as the values oscillated around 1 
units. The range of variation was between 0.5 unit and 1 unit. Such narrow range of fluctuations have 
been recorded earlier both in temperate and in tropical water bodies (Jenkins, 1932; Kato, 1941;,' 
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Ganapati, 1941; Moore, 1952; Tucker, 1958; Henson ct. al., 1961; Michael, 1964; Sreenivasan, 

1964b; George, 1966; Alfred, 1973a; Thapa, 1982), The water remaining neutral or slightly acidic 
indicates oligotrophic nature of the system pointing Lo a greater variety of species. This is probably 
true for the density of autotrophs, as when there is an acculnulation of carbondioxidc there is lowering 
of pH. Both these trends were evident in the present study. This neutrality of the pH and the slight 
acidic nature may be attributed to inflow and surface runoff on leaf lincr which is .mostly acidic. In the 

present invcstigation rainfall also scclned to playa role in the increasing nature of pH probably 
allowing for easier buffering during such seasons than at other lilnes. 

Spccific conductivity as a factor is usually seen as another indicator for assessing the trophic status 

of the lake. The present investigation sho\\'ed the values ranging between 14 and 60 fJ.mho/cm, 
indicative of very low specific conductance and therefore again of the oligotrophic nature of the 
system. Comparisons of this factor with other tropical water bodies do show this range, for the 
present investigation to be indicative of ultra-oligotrophic situations as records indicated that tropical 

water bodies are always in terms of thousands of fJ.1nho/cln (Alfred, 1973a). 

Dissolved oxygen in this system was observed to be indicative of well oxygenated conditions, -the 

values ranging between 5 and 10 Ing/l approxilnately. The annual range, ~lowever, was around 4.5 
mg/l for all the stations. These oxygen levels are Inuch higher when cOlllparcd to other tropical ponds 

(Michael, 1964; Sumitra, 1969; Bernice, 1970; Royan, 1972>'. How~vcr, when compared to similar 

geographical areas, as shown for larger bodies of water or reservoirs (Alfred, 1973a), the possibility of 

higher values may be due to the open nature of the systeln exposed to the action of wind, maintaining 
adequate levels of oxygen. Further, it is coml}1on know~edgc that abundance of phytoplankton 
population leads to increase in oxygen content due to photosynthetic activity (Roy, 1955; George, 
1961; Michael, 1964; Thapa, 1982), but there is no direct evidence in the present 'studies to confirm 

these findings, This one factor having a winter maxilna and sumlner minima is obvious and 
understandable as the prilnordial agencies of photosynthesis depends on the light energy and the 
efficiency of conversion of this energy. The levels further indicate, as seen for other factors, the 
system as a whole is 01 igotrophic. 

The free carbondioxidc in wat~rs fOfln usually carb~)nic acid resulting a change in pH. The usual 
sutnlner maxilna and winter Ininilna in the pr~scnt systcln could probably be attributed to the fact that 

acidic waters at lower te111perature can relcase this gas fastcr and siInultaneous uptake due to the 
growth rate of phytoplankton at the surface layers. The range of Iluctllation indicated by a minilnunl 

of 2.n Ing/l and InaximuIn of 18 mg/I irrespective of the stations clearly indicate a vcry low value. It 
is possible that the buffering nature of the pH has helped to a large c:\ tent the rnaintenance of these 

values which is definitely Inuch lo\\'er than in tropical situations a~ indicated by \\'orkers, as sho\\'n 
for other factors. 

Alkalinity of Calciuln Carbonate prcl'ipitatc in any lakc mctabolis(n studies is ilnportant. The 

accumulation of large quantities of bicarbonate during sunlillcr SUlnnler indicatcd by the higher values 
of alkalinity as recorded in the present investigation was probably due to the liberation of 
carbondioxidc in the process of dccolnposition of botlOln deposits. This results in the conversion of 

Insoluhle Ion 01 cuiciulll into soluble bicarboll4ltcs. 'This \vas very trll~ in the prescnt study as increase 



TABLE V 

C()-effi('ient correlation tahle, sho\\'ing the relationship of the ph)'sico-chemical factors and the t\\'O sub­
fanlilies 'fanypodinae and Chir()nOnlinae In the t\\'() lentic systems 

S In. Sub-family A. Temp. W. Temp. W. Lcvel Trans. pH ·Cond. FC(~ T. Alk. 

II 

III 

IV 

Tanypodinac 0.329 O.33S 0.5X5* (-) 0.123 (-) 0.203 0.152 (-) 0.556'" 0.6S1** 0.291 

Chironominac (-) 0.329 (-) O.33R (-) O.5~5* 0.113 0.203 (-) 0.152 0.556* (-) O.6S1** (-) 0.291 

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

Chironominac (-) 0.239 0.012 (-) 0.171 0.506* (-) 0.454 0.175 0.269 (-) 0.196 (-) 0.320 

Tanypodinac 0.128 0.]51 

Chironcminac (-) 0.239 (~) 0.264 

TanypoJinae (-) 0.129 (-) 0.173 

Chironominac (-) 0.232 (-) 0.181 

* p < 0.05 

Stn. - Station 

(-) 0.013 (-) 0.225 0.071 (-) 0.152 (-) 0.430 0.170 (-) 0.152 

0.316 0.345 (-) 0.17.1 0.005 0.380 (-) 0.090 (-) 0.148 

(-) O.Hn (-) 0.020 (-) 0'{)95 (-) 0.110 (-) 0.289 (-) 0.066 (-) 0.142 

(-) 0.331 (-) O.2Sg (-) 0.124 (-) 0.037 (-) 0.440 (-) 0.363 (-) 0.459 

** p < 0.01 

Condo - Conductivity 

W. Temp. - Water Temperature 

W. Level - Water Level 

002 - Dissolved oxygcn 

FC02 - Free Carbondioxide 

T. Alk. - Total Alkalinity Trans. - Transparency 

....... ....... -. 
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in carbondioxide also increased alkalinity (Ruttncr, 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/I in station I to In 
and between 7 and 38 mgtI but mostly around 15 mg/I in station IV indicate much lower levels .in 
comparison to systems in the tropics. Once again this confirms that the system is oligotrophic, 
enabling a larger diversity of organisms cadler than the rise and f~l of one or two eutrophic species. 
The present system having low or moderate alkalinity is indica1ive of a chemical thermodynamic 
approach for describing any solution phase composition (Davies, 1962; Nancollas, 1966). 

On analysis of the results of the physico-chemical factors, it was seen that the sub-fami,ly 
Tanypodinae allowed its two genera Tanypus and Clinolanypus to utilize the maximum benefit of the 
whole system as it were. The physico-chemical factors do seem to playa role in not only -reflecting 
the oligotrophic nature of the system 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 thereby possibly 
hindering light penetration and subsequent prevention of algal growth. Hence, all the genera of 
Chironominae and Clinolanypus abound at situations when the factors are optimum and possibly with 
increased rate of food availability. By in built reproductivc potential they were possibly able to 

complete their life cycle within a givcn period to reappear only ,when conditions were favourable. The 
genus Tanypus having a summer maxima was probably able to thrive at lower oxygen levels but with 
increased values of other factors which maintain that type of food and in this case prey, as the genus 
Tanypus is generally known to be a carnivore. 

On a general analysis to ~Iucidate the effcct of the physico-chelnical factors on the sub-families 
Tanypodinae and Chironominae, a correlation coefficient analysis was perfonncd (Table V). There 
seemed to be no effect directly at all on these two sub-families 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 negative with Chironominae, the fonncr factor at 5% level and the latter at 1 % 
level, while dissolved oxygen was just the reverse but significant at 5% lcvel. This, however, does 
not give a true picture as the genera were upheld together, not indicative, of which factor plays a 
control. It docs indicate, however, that physico-chemical factors do play some role in regulating the 
population of Chironomids, but a detailed work on individual factors and spccies would throw light 
into the understanding of Chironomid cQ(1lmunitics. The lenlic systems studies, however, seem to be 
influenced to a large extent by the biotic interactions also and the detailed study of these would help in 
the complete understandi~g of those intricate relationships that exist in such oligotrophic systems 
maintaining dynamic equilibrium. 

Lotic Systems 

In contrast to the population dynamics of Chironomid larvae in lentic systems and their inter­
relationships with the physico-chelnical factors indicative of a greater variety and a general 
oligotrophic naturc, the'lotic systems undertaken for the present investigation revealed a lesser 
diversity and a dif(ercnt composition. On a general analysis of the two lotic systems, it can be seen, 
that for greater lengt" of the Umshirpi Stream~ the occurrence of the genus Chironomus in larger 



ALFRED & DASS GUPTA: Ecology of Chironomidaefrom N. E. llills of India 69 

quantities was obvious than in Umkhrah Stream. This definitely reflccts the trophic status of these 
streams, in that, Umkhrah Stream not only had fewer genera 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 genera 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 (Thienemann, 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 investigation, the tendency for the increase in the load of pollution, though 
primarily from household 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 III occurred only one to three times with the last 
two stations IV and V of the same system recording 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 a~ similar latitudes and 
altitudes have a higher species richness (Hynes, 1970; Peter, 1970; Bishop, 1973). 

On an individual analysis of the stream systems undertaken it was seen that in Umkhrah system 
though three to four genera were present in first three stations comprising of Chironomus, 
Anatopynia. Pentaneura and Brillia, except for Chironomus in all the stations and BrUlia in rust two 
stations Anatopynia. Pentaneura and Tanypus in whichever stations they occurred, were recorded only 
once or twice throughout the study period. The genus BrUUa revealed a summer maxima with 
tendencies of decrease in winter at stations I and II, where they occurred throughout the period of study 
and at station III, even though, they occurred only once they did so in the summer months of June 
with large numbers. 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 C hironomus could probably be attributed to different species under the same genus 
Chironomus. which for lack of literature, 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/m2 recorded in the V and the last station (Table III). 

In the next lotic system, which was Umshirpi stream, there was definitely a larger variety 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 Chirononlus and Brillia throughout. The 
flucwating trend in the population dynamics of these two genera, Cizironomus and BrUlia, followed a 
more or less similar pattern 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 seen 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 peaks were also seen in late autumn. Though this genus did not 
occur during the late spring and early summer at station II, the trend of fluctuation was similar to that 
of station I. Tanypus, Anatopynia and Pentaneura at station I, occurred predominantly during late 
autumn, throughout winter and early spring, with their peaks of abundances in winter. However, in 
station II Tanypus was totally absent and the other two genera,. Analopynia 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 genera and the occurrences in some seasons at 
one station and at other seasons at the next station was again probably indicative of different 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 treated only till generic levels and the 
population'"llynamics treated 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-families - Tanypodinae, Orthocladiinae 
and Chirononominae. The sub-family Tanypodinae in the Umkhrah stream was negligible, while in 
Umshirpi they made a slight impact by their larger percentage of occurrence during the month of April 
at stations I and II. Otherwise, this sub-family could be said not to have utilized the ecological niches 
available or that conditions do not permit 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 peak of abundances followed their dominant 
genera. This was particularly true in the first two stations of both the systems when they occurred 
throughout the investigation period. Their life cycle 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 studies on aquatic fauna in lotic systems and the interpretation of the data is very often 
an arduous task. This is in part due to the multiplicity of biotic and abiotic f~ctors which control such 
populations and the d.ifferences in these factors which varies largely and considerably bctw~en two 
lotic systems 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 fields of agriculture as.lpractised 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 year. This annual feature where the fauna of these streams arc subjected to 
such spates could possibly have eliminated the sensitive species leaving behind the more hardy ones. 
However, it is also known that the process 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 selectively lilnit the diversity of fauna in streruns, 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 conditioR of a less varied 
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community of Chironomids in the streams undertaken for the present investigation which are 
definitely liable to very frequent spate conditions. 

The other reason could probably be associated due to deforestation and flash floods, resulting in 
increased silting, particularly after a heavy shower, when the otherwise clean streams turn turbid. The 
elimination of certain genera. therefore. resulting in the observed low diversity could probably be the 
result of siltation and the filling up of gravel inler spaces by fine particles 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; Luedtke et.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 these above mentioned effects,due either 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 definite difference in the diversity of the fauna, as the headwate,rs 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 to be 
dominated by the only genus Chironomus. Subslrale instability is known to be an important factor 
controlling the diversity of benthic macroinverlcbratcs'(Hynes, 1970; Macan, 1976) and is likely that 
the present sll'Cams too were governed by such factors, though not investigated. 

It was, therefore, felt best to identify the physico-chemical factors as analysed in the present 
investigation to be Opel ative for either the diversity or the abundance of the Chironomid larvae in the 
lWO loue systems. The general climatic conditions'are definitely unique and different in many respects 
than that obtained for the plains of India. The domination of the conifer Pinus kesiya is itself an 
aspcct to 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 areas havin& vegetational 
cover. This is responsible for the -portion of allochthonous material input into the streams through 
leaf fall. 

The air temperature recorded for boLh lhe systems ranged between an average of 10 and 250 C 
indicative of a considenlble 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 
n~ctuation is quite narrow (V cnkatcswarlu, 1969; Bishop, 1973). The lowering do~n of temperature 
is definitely attributed to the altitude of the study area (ca 1500 m) as pointed out by Hynes (1970). 

The water temperature followed closely behind thut of air lCmpe~ature and was true at all the 
stations at both the systems. The difference in the water temperature between stations was very less. 
Such uniformity of water temperature at the various stations in both the lotic systems undertaken is 
probably" attributed to the fact that these streams continued to rcc6i ve groundwater sources all along 
their lengths thcreby keeping an uniformity in temperature from the headwaters or source, down to t!Je 
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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 larvae is the water level, measured as 
depth in the present investigation. It is further known that Chironomids and most macro-invertebrates 
have a depth distril)ution (Moon, 1935a: Needham, and Usinger, 1956). In the present investigation of 
both the lotic systems, in the various stations undertaken the range of depth was approximately 
between 5 and 35 cm. The annual range of depth was seen to be in a decreasing order from stations I 
to V in both the systems with an exception at stations I and II of the 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 lesser density of animals collected at fixed place 
which on lowering of the water level of the same areas or corresponding areas could lead to a 
concentration of animals. This was clearly observed in the present investigation where the abundances 
of Chironomid populations irrespcctive of the genera have been found either before the rains or after. 
Reports also exist on migration of bollom 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 difference between depth and width in the present investigation was 
that both these factors have reverse effects 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 prevalent in many tropical rivers (Hynes, 1970; Bishop, 1973). The 
Chironomid larvae recorded in the present investigation could therefore 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 (Alfred, 1973a). 

The conductivity values like pH were also very low. However, the values seem to increase 
between stations with the highest records observed 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 length 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 
Feltz, 1968; Bishop, 1973). 

The next factor, dissolved oxygen, as was quite obvious from the results were high for the initial 
stations I and II and sometimes III for both the systems, with the lowest values and even the lowest 
record invariably at station V The former aspects of higher oxygen is likely to have been in part to 
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the turbulence maintained, by the water, rushing through rough boulder ~trewn, bed, near the 
headwaters. The possibility of a rich pcriphyton growth, though not investigated in the present study, 
could be another reason for their higher values at stations III and IV, where the stream was 
comparatively slow flowing. Comparable views about such oxygen relationships in running water 
systems are held by many workers, as reviewed by Hynes (1970) and Bishop (1973). The last station 
V 'with low oxygen values could be attributed to the urban area refuse entering the station in these 
systems and a possible rapid turnover of organic materials by aerobic bacteria indicative of a 
maximum utilization of oxygen and thereby a reduction. 

The free carbondioxide in the present investigation revealed a very large variation not only in their 
seasonality but also between the stations. The phenomenon was however 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. Moreover, carbondioxide values were much lower in the 
former, than in the latter stations. However, the well known inverse relationship expected between 
oxygen and carbondioxide values were not clearly established at each station, confirming the findings 
of earlier 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; Goltennann et al., 1978). As indicated for lower oxygen 
values the higher values for carbondioxide 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 less than the tropical 
situation and ranged between 10 and 50 mg/I at both the systems. As alkalinity is related to the 
carbondioxide levels and as mentioned in the lentic systems, this factor was very similar in its 

behaviour. quantity and peak values to that of carbondioxide not only within the stations concerned 
but also between the systems. A similar increasing tendency of its values from the stations at higher 
elevations to those at lower elevations was also observed and the range of fluctuation increased 
similarly, with the \\'idCSl 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 Cizironomus which can sustain, lower oxygen values was 
nOl only found in large numbers but probably the only genus at the last few stations. In contrast the 
head-waters with a tendency of a reverse pattern with higher oxygen and lower carbondioxide and 
alkalinity values helped in sustaining oligotrophic genera of the sub-families Orthocladiinae and 

Tanypodinae. 

Such phenomena also exist in other parts of the 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 classified into distinct biotopes and the quantified 
associations among the genera in such biotopes have been found in literature on systems of similar 
latitudes (Ulfstrand, 1967; March, 1976). It can, therefore, be said that within a section of stream bcd, 
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fauna vary continuously over scvcral indcpcndcnt dimcnsions. Moreover, a typological view of the 
habitats studied may be useful in stratification of quantitative sampling for Chironomid larvae, as in 
the present investigation they seemed to recognise absolute boundaries. However, from the field data it 
is not possible to separate purely physical from biotic influences. 

As for the lentic systcms, the lotic systcms 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, however, confined only to those stations of both the lotic 
systems where all the three sub-families occurred. At thc Ulnkhrah stream, of the three sub-families 
Tanypodinae, Orthocladiinae and Chironominac, only Orthocladiinae and Chironominae showed 
relationships to some physico-chemical factors. Orthocladiinae was positively significant at 5% levels 
with air temperature, water temperature and pH and 1 % levels with depth and width, while 
Chironominae revealed the same significant levels but negatively. This was also seen at station II of 
the same systems Umkhrah where Chironominae was negatively significant to the same factors except 
pH and Orhocladiinac for only watcr tcmperature, depth and width. Station III indicated a negative 
relationship but highly significant, for the width with the sub-family Tanypodinae, while depth 
showed a positive significance for Orthocladiinae. In this stream it was very obvious that stations I 
and II should reveal negative significance for Chironominae as these formed the headwaters of the 
stream which were clean and highly oxygenated, to be obviously suitable physical factors for the 
oligotrophic group Orthocladiinae (fable VI). 

In contrast in the Umshirpi stream, the only significant levels noted for these three sub-families 
were at station I, where free carbondioxide was positively significant at 1 % levels for Orthocladiinae 
but negatively significant ror the saIne factor ror Chironolninae. This can also be attributed to the fact 
that the carbondioxide lcvels being not only low at the headwatcrs but also their range of fluctuation 
being very low would indicate a positive relationship for Orthocladiinae and negative for 
Chironominae. (fablc VII). 

This coefficient correlation at sub-family levels with various physico-chclnical factors revealed the 
importance of abiotic factors but more the physical factors than the chemical, even at such higher 
levels of sub-families. 

In addition to the general population dynarnics at both generic and sub-falnily levels in the two 
lotic systems undertaken the genus C hirono/nus was analysed in detail. This genus as shown in the 
material and methods had been divided into four different length groups with the possible reflection of 
the different instars. There was a clear indication in the seasonality of these different instars, in that 
the fourth instar larvae was predominantly found in both the' lotic systems in abundance, at the 
various stations during the months of winter, indicative of an ovcrwintering population. The onset of 
sumrner indicating elnergence, laying of eggs and hatching of the first instar larvae was again seen in 
the first and second instars and sOlnctilnes at the third to fonn peak values during the summer months. 
However, the occurrence of the third instars during this tilne reveals a pattern of overlapping of 
population with some generations being t141tchcd just before the winter. As this phenomenon was seen 
only at the generic level, it may not also be due to overlapping generations of the same species, as 
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Co-efficient correlation table, showing the relationship between different physico-chemical factors and the -n 
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three sub-families Tanypodinae, Ortbocladiinae and Chironominae in the stream Umkhrah m 
0 
~ 

Stn. S. - Family A. Temp. W. Temp. Depth Width pH Cont. Fe02 T. Alk. 0 
> en 
en 
0 

Tanypodinac 0.192 0.271 0.296 0.517 0.385 (-) 0.183 (-) 0.46 0.226 (-) 0.134 c 
~ 

I Orthocl tid iinac 0.564* 0.543* 0.746** 0.667* 0.543* 0 .. 135 (-) 0.501 (-) 0.374 0.037 :> .. 
Chironominae (-) 0.568* (-) 0.561 * (-) 0.758** (-) 0.717** (-) 0.579* (-) 0.101 0.485 0.323 (-) 0.015 ~ 

C"') 

~ -C 
~ 

Tanypodinac (-) 0.402 (-) 0.397 (-) 0.385 (-) 0.421 0.389 (-) 0.222 0.535* (-) 0.446 (-) 0.274 ~ 

~ 
II Orlhocladiinac 0.605 0.663 ** 0.803** 0.633* (-) 0.441 0.114 (-) 0.477 0.058 0.046 (J 

:::--
Chironominac (-) 0.644* 0.307 0.565* (-) 0.066** (-) 0.004 -. (-) 0.632* (-) 0.859** (-) 0.591 * 0.117 ..., 

~ 
~ 
c 
:: 

Tanypodinac 0.215 0.124 (-) 0.102 (-) 0.794** (-) 0.070 0.273 0.270 (-) 0.272 0.357 -. 
~ 
~ 

TIl Onhocl ad iinac 0.078 0.055 0.166 (-) 0.120 0.256 
~ 

0.110 0.229 0.563* 0.368 c......,.. ...,. 
~ 

Chironominac (-) 0.251 (-) 0.214 (-) 0.140 0.060 0.034 (-) 0.283 (-) 0.328 0.310 (-) 0.447 :3 
;<: 
!-l 

* P < 0.05 ** P < O'(ll ""-
""--. --Condo - Conductivity S tn. - Station ~ 

S. Family - Sub-falnily 002 - Dissolved oxygen ~ --. 
:::s 

A. Temp. - Air temperature Fe02 - Free carbondioxide ~ -. ~ 
W. Temp. - Water temperature T. Alk. - Total alkalinity 



TABLE vn 

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. FC~ T. Alk. 

Tanypodinae (-) 0.423 

I OrthoIad iinae 0.187 

Chironominae 0.142 

Tanypodinae 0.431 

II Orthocladiinae 0.046 

Chironominae (-) 0.433 

(-) 0.372 (-) 0.036 (-) 0.428 0.241 (-) 0.120 

0.294 0.329 0.237 (-) 0.132 0.090 

0.025 (-) 0.229 0.107 (-) 0.060 0.012 

0.181 (-) 0.051 0.332 (-) 0.382 (-) 0.040 

0.105 (-) 0.039 (-) 0.423 0.028 (-) 0.335 

(-) 0.266 0.085 

* P < 0.05 

Stn. Station 
S. Family Sub-family 

A. Temp. Air temperature 

W. Temp. Water temperature 

0.117 0.316 0.366 

** P < 0.01 

Condo Conductivity 
D02 Dissolved oxygen 

FC02 - Free carbondioxide 

T. Alk. Total alkalinity 

0.039 0.018 (-) 0.190 

(-) 0.312 0.678** 0.162 

0.214 (-) 0.534* 0.004 

(-) 0.052 (-) 0.133 0.033 

0.060 (-) 0.161 0.137 

(-) 0.012 0.277 (-) 0.165 



ALFRED & DASS GUPTA: Ecology ofChironolnidaefrom N. E. J-lills of India 77 

different species occupying different ecological niches and adaptable to environmental conditions 
which may be suitable for one and not for the other, could possibly have taken place. 

In any case whatever the species may be, a clear emerging picture was seen in that, either autumn 
or winter is the turning point in the creation of new generation of populations. The lack of the non­
occurrence of the first and second stages at some stations and especially in the lotic system Umshirpi, 
could possibly be due to the washing away of these instars which are primarily planktonic at this 
stage. This is further confirmed by the fact that very large densities occur at subsequent stations. 
Further, the months when they were supposed to occur maximum due to increased temperature would 
have possibly shortened the tilne between the first, second and the third stages. 

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

On an analysis of the emergence of adults, both male and female, peak values definitely occurred 
during two instances, one in the beginning of June and the other in the end of the same month. The 
largest peak for the females were confined to three thnes' in June and July but only once during the 
third week of August. In contnlst, the males emerged three times in June but only twice in July with 
the following months showing negligible magnitude. Since much of the emergence was confined to 
only four month5 it may be felt to be unreliable. There is some truth in this criticism, but emergence 
periods especially for this genus C hironomus have known to be only during these months, in lotic 
systems under similar latitudes (Hirvenoja, 1975). Moreover, emergence is a study by itself and 
depends on several factors, for instance, on voltinism of a species can only be determined by studies 
on several populations separately. As seen from the present investigation it is difficult to tell whether 
they arc univoltine or bivoltine (Aagaard, 1978). 

The male-female emerging of the 'adults does not also follow any trend in the seasonality nor 
abundanccs. This can again be attributed to the fact that different species in the same genera vary to a 
large cxtent in their mating behaviour and also the factors which innuence this bchavi'our. Whatever 
the case may be, the phenomenon of swarming is a common attribute to the Chironomid family in 
general, though very little work exists on the male-female rdlios in such swarms. In fact swarming 
was known and described by Linnaeus (1745) as quoted by Thienemann (1954) but the actual function 
of the swarm in relation to mating has been a matter of dispute. In recent years, however, considerable 
evidence has acculnulated in support of the epigalnic function of the swarming (Downes, 1958, 1959; 
Gibson, 1945; Syrjamaki, 1964; 1967), notwithstanding sOlne reports to the contrary (Nielsen and 
Greve, 1950; Nielsen and Haeger, 1960). 

In the lotic systems studied, the population dynamics of the Chironomid larvae, was confrrmed by 
the age-group analysis and emergence studies, 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 different species colonizing such Jotic systems. 
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GENERAL DISCUSSION 

After understanding the population dynamics of Chironomid larvae in len tic and lodc systems 
from the hill regions of North Eastern India and in particular, Meghnlaya, and their relationships with 
the cnvironlnent it was felt necessary to identify the causative facLors for their abundances in such 
inland waters. The role of benthic organislns in the econolny of natural waters is of great significance 
as they play un ilnportant role in the trophic cycle of many fishes. However, the knowledge, on either 
the trophic dynamics or the seasonal fluctuation of benthic cOlnmunities is extremely meagre 
cOlnpared to that of plankton. 

Freshwatcrs, in these regions, tend to be acidic, and harbour not only a poor diversity of benthic 
organislns, in particular Chironomidae, but also their abundances of such poor representatives arc low. 
These regions are known to be geologically young, and thcrefore, in such new environments the 
variety of species (in the present investigation genera), could possibly be in the process of increase, 
revealing the low diversity, where adaptations or immigrations of new species take a long time to 
colonize in ecosystems under severe abiotic conditions. Such generalizations, however, must be made 
cautiously particularly in habitats like that studied here where considerable seasonal inter and intra .. 
habitat differences occur (Danks, 1971), and the results may reflect characteristics of the habitat as 
much as those of Chironolnid biology. Moreover, in view of the tolerance of the Chironomid larvae 
to a wide range of conditions, considerable plasticity in the life cycle would be expected, as reflected 
for example in the annual overwintering inSUlrs of the present investigation. Inspile of the known 
diversified composition of Chironolnid larvae. only one or two genera show mass occurrences in 
some localities, and even those which occur along with lhcln nrc ch~lnlclcrized seasonally. In fact, in 
the present investigation, sOlne genera represent only accessory species in some localities, but 'in' 
others. they not only'make an ilnportant part of the total larval population but are also leading species 
seasonally. Though it is cOlnmon knowledgc that aquatic insccts do sprcad from one habitat to 
another, the triggering factors which initiate such rnovernents need detailed study, as population 
dynamics operate at two levels, one as a defence against predators and the other for thcir own 
population stability. 

From thc present invcstigution it was obscrvcd, th~lt, though individual genera of Inidges could be 
regarded as useful index organislns by v irtue of thcir conspicuous prcscnce or absencc, it was the 
assemblages of taxa which werc of greater value. Surprisingly, as in the present investigation 
tolerance and sensitivity of taxa was oftcn possible to predict not only at gencric levels but even at 
supcrgcneric levels. Sub-families Tanypodinac and Orthocladiinae for cxalnple, represent comparable 
portions of the population at the cleanest sites, indicative of highcr oxygen values and lower 
carbondioxide and alkalinity and these animals disaPPc4.lred when conditions became reversed. On the 
other hand there were wide divergences of tolerances alllong single genera of sub-family 
Chironolninae, and in particular nnd genus Chirol10lJ1US Inosl conspicuous in lheir wider tolerances 
levels. 

The physical and chern icul characteristics of wuters also show variations due Lo rHpid turnover of 
allochthonous matcrials. As many aquatic organisllls have life cye les which extcnd longer in time 
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than the physico-chemical chunges in water receiving artifici4l1 effluence, these organisms must be 
able to cope with these changes and espcciully in the Inost detrimental conditions, in order to survive. 
Therefore. it is the general adaptability and hardiness, rather thnn specialization which permits 
Chironomid representation even in the most extreme type of habitats (Brundin, 1966). 

The effect of a.' organically loaded effluent on the benthic community, will vary in the relation to 
the quality of the cfnuent, the dilution ratio of effluent to water flow, the flow regime and bed 

lopognlphy of the receiving stream. However, Hynes (1960) points out that organic inOows 
containing ~ load of high suspended solids, tend to favour the fonnation of stereotyped communities 

as they exert similar effects on both eroding and depositing water rcaches, by blanketing out the bed 
and in filling spaces bet ween la~ge substrate elements. The assemblage of Chironomid species 
favoured by the imposition of such conditions may be considered to form a tolerant pollutional 
community. This is very obvious in the present investigation where such areas were dominated or 
composed of individuals within the genus Chirononlus. 

The analysis of occurrence and abundance data indicates that virtually the same environmental 
factors which affect one genera also affect the other, thereby emphasizing their potential importance as 

agents of natural selcction. However, while each of these environmenUll factors may be of potential 
importance to the genera, not aJl of the'll are equully inlportant at aJl 10eaHlies where larvae occur. 
This is true both in lotic and len tic syste'l1s of the present investigation where pH, chemical 
cOlnposition ~lnd solute concentrations appear to be Inore important in restricting larvae in certain 
places; mud substratum in restricting other larvae to certain localities, and oxygen and depth playing a 
Inajor role in restricting the genus C hironOItUls. In addition, telnperature may be important in 
restricting the downward distribution of the genenl in the lotic systelus even though it docs not appear 
to be significant. Therefore, one must be certain that larval populations of the fanlily Chironomidac 
arc subjccted to selection by the same environnlcntal factors before the evolutionary significance of 
those environmental factors can be considered. It may, therefore, suffice to state that ecological 
radiation is natundly possible without any Inajor structural rearrangements. This is particularly true of 
the family Chironolnidae, where the vast In~ljority of its individuals are very conservative. 

However, interactions arc important. They open doors to the future. We underestimate their 
significance bccause~ heing personal, they arc unknown in the aggregate; being unseen, they appear 
unreal: and, being rCluule, they tend to be forgotlcn. Nevertheless, they arc there and influential. 
Moreover, the territories they occupy are of the conceptional nature, hence they can be shared as 
overlapping networks. strengthening each other through interactions. If thcse conjectures arc correct, 
the sudden perception of an internal threat 10 our Biosphere with realization of our dependence on it 
will strengthen those bonds in the interests of hUlnanity more than a l\1artian invasion as "no 

ecosystem is an island" 
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