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ABSTRACT 

Chromosomal study of Simulium, commonly known as black flies, 

from Darjeeling, West Bengal, India, which lies in the foot hills of 

the sub-Himalayan region were made. Simulium is one of the 

important vectors for onchocerciasis caused due to Onchocerca 

volvulus, Japanese Encephalitis, Mansonellosis, and many other viral 

and protozoan diseases in both mammals and birds. It is also an 

agent of economic loss. Some of the Simuliids are serious vectors 

and are considered only next to mosquitoes.  

 

Cytological investigations from both mitotic and polytene 

chromosomes were made for Simulium (Nevermannia) praelargum 

“IIIL-1.2”, Simulium (Nevermannia) praelargum “IL”, Simulium 

(Montisimulium) dattai and Simulium (Gomphostilbia) williei from 

Darjeeling, West Bengal, India. All the species were collected from 

different seasonally formed trickles in and around Darjeeling with an 

altitude of 2354m, with latitude of 27.036007°N and longitude of 

88.262672°N within the range of 17kms. Simulium (Nevermannia) 

praelargum “IIIL-1.2” and Simulium (Nevermannia) praelargum 

“IL” were thought to be praelargum-st but thorough band to band 

investigations of the polytene chromosomes revealed them to be two 

separate cytoforms of Simulium praelargum-st found together with 

praelargum-st. Simulium (Montisimulium) dattai was previously 

described as Simulium (Eusimulium) sp. B by Datta et al., 1975, 

which was later described as Simulium (Montisimulium) dattai by 
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Takaoka and Somboon, 2008 from Bhutan. A complete species map 

has been constructed for this species. This is the second species 

polytene chromosome map in the subgenus Montisimulium from 

Darjeeling hill region.  For Simulium (Gomphostilbia) williei 

Takaoka et al., 2010 a complete polytene chromosome map has been 

constructed.  This is the first chromosome map from the 

Gombakense species-group to which this species belong to.  

 

Karyotypic studies of the mitotic chromosomes have been made with 

all possible metrical data.   All the species studied exhibited n=3. In 

all the four species investigated chromosome I and II were found to 

be metacentric and chromosome III submetacentric.  

 

Simulium (Nevermannia) praelargum “IIIL-1.2”: the total mean 

length of mitotic chromosome I measured 3.10µ, with short arm 

measuring 1.35µ and long 1.75µ, with arm ratio of 1.29 and 

centromeric index 43.54.  Chromosome II measured 2.59µ, with 

short arm of 1.17µ and long of 1.42µ, with arm ratio of 1.21 and 

centromeric index of 45.17. Chromosome III measured 2.29µ with 

short arm of 0.79µ and of long arm of 1.50µ, with arm ratio of 1.89 

and centromeric index of 34.49. 

 

Simulium (Nevermannia) praelargum “IL”: the total mean length of 

mitotic chromosome I measured 3.04µ with short arm of 1.35µ and 

the long to be of 1.6µ respectively, with arm ratio of 1.25 and 

centromeric index 44.40 Chromosome II measured 2.54µ in length 
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with short arm of 1.14µ and long arm of 1.40µ respectively, with 

arm ratio of 1.22 and centromeric index of 44.88. Chromosome III 

measured 2.30µ, with short of 0.77µ and long arm of 1.53µ, with 

arm ratio of 1.98 and centromeric index of 33.47 

 

 Simulium (Montisimulium) dattai: the total mean length of mitotic 

chromosome I measured 4.6µ, with short arm and long arm 

measuring 2.01µ and 2.63µ respectively, with arm ratio of 1.30 and 

centromeric index 43.31. Chromosome II measured 3.99µ in length, 

with short arm of 1.54µ and long arm 2.45µ, with arm ratio of 1.59 

and centromeric index of 38.59. Chromosome III measured 3.78µ, 

with short arm of 1.26µ and long arm of 2.52µ, with arm ratio of 2 

and centromeric index of 33.33. 

 

Simulium (Gomphostilbia) williei: the total mean length of mitotic 

chromosome I was measured to be 4.83µ, with short and long arm 

measuring 2.14µ and 2.69µ respectively with arm ratio of 1.25 and 

centromeric index 44.30. Chromosome II measured 3.53µ with short 

arm of 1.42µ and long arm of 2.11µ, with arm ratio of 1.48 and 

centromeric index 40.22. Chromosome III measured 3.16µ with 

short of 1.05µ and long arm of 2.11µ, with arm ratio of 2 and 

centromeric index of 33.22. 

 

Polytene chromosomes also exhibited the same nature of 

chromosomes. Idiograms of polytene chromosomes of all the four 

species, Simulium (Nevermannia) praelargum “IIIL-1.2”, Simulium 
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(Nevermannia) praelargum “IL”, Simulium (Montisimulium) dattai 

and Simulium (Gomphostilbia) williei were constructed and 

described on the basis of major polytene chromosome landmarks, 

such as centromere, chromocenter, nucleolar organizer, bulge 

(double bubble), ring of Balbiani, gray band, parabalbiani, trapezoid, 

DNA puff, capsule, and blister. 

 

Percentage total complement lengths (%TCL) of all the four species 

have been calculated. In Simulium (Nevermannia) praelargum “IIIL-

1.2”, percentage length of IS was 18.49, IL-19.66; IIS-14.20, IIL-17; 

IIIS-11.18, IIIL-19.45. Accordingly chromosomal arms were 

assigned IS-18, IL-20, IIS-14, IIL-17, IIIS-11, and IIIL-20. 

 

 Simulium (Nevermannia) praelargum “IL”- percentage length of IS 

was 18.20, IL-19.40; IIS-14.10, IIL-17.20; IIIS-10.90, IIIL-20.10. 

Accordingly chromosomal arms were assigned IS-18, IL-20, IIS-14, 

IIL-17, IIIS-11, and IIIL-20. 

 

Simulium (Montisimulium) dattai - percentage length of IS was 

18.95, IL-20.69; IIS-12.40, IIL-17.80; IIIS-9.30, IIIL-20.68. 

Accordingly chromosomal arms were assigned IS-19, IL-21, IIS-12, 

IIL-18, IIIS-09, and IIIL-21. 

 

Simulium (Gomphostilbia) williei - percentage length of IS was 

18.83, IL-21.76; IIS-12.89, IIL-17.37; IIIS-11.02, IIIL-18.10. 
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Accordingly chromosomal arms were assigned IS-1, IL-22, IIS-13, 

IIL-17, IIIS-11, and IIIL-18. 

 

Simulium (Nevermannia) praelargum “IIIL-1.2” differed from 

Simulium (Nevermannia) praelargum-st in having a prominent 

chromocenter which lacked in Simulium (Nevermannia) 

praelargum-st. Simulium (Nevermannia) praelargum “IIIL-1.2” also 

differed from Simulium (Nevermannia) praelargum -st by a two step 

fixed included inversion (IIIL-1.2) in chromosome IIIL. Simulium 

(Nevermannia) praelargum “IL” differed from Simulium 

(Nevermannia) praelargum-st and Simulium (Nevermannia) 

praelargum “IIIL-1.2” by four fixed inversions in IL: IL-1, IL-2, IL-

3, and IL-4, this cytoform as in case of Simulium (Nevermannia) 

praelargum-st had centromere. Simulium (Montisimulium) dattai 

exhibited a prominent chromocenter which is in sharp difference 

with its other member of the group, Simulium (Montisimulium) 

ghoomense which exhibit putative partial chromocenter involving 

polytene chromosomes II and III.  
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PREFACE 

Simulium commonly known as black flies is cosmopolitan in 

distribution. Due to the biting habits of the adult female flies that 

cause considerable effects on humans and wild life including 

poultry, cattle, as well as in tourist industry, causing a serious 

deleterious economic impact. Black flies are established vectors of 

onchocerciasis, mansonellosis certain viral diseases, including 

protozoan and filarial diseases. However, the vector activity of these 

flies in this Himalayan region is yet to be established. 2,204 

constitute the world population of black flies. So far 524 species of 

black flies have been reported from the Oriental region. The 

Himalayan range with innumerable streams and trickles provide the 

most favourable breeding habitat for the black flies.  The female 

black flies lay eggs over the flowing water.  

 

Darjeeling, West Bengal, India situated at sub-Himalayan region 

with an altitude of 2354m, with latitude of 27.036007°N and 

longitude of 88.262672° is one of the favourable locations for the 

black fly populations. 22 nominal species have been recorded from 

the Darjeeling Hills. The diversity of Simulium population is not 

sufficiently studied. The information on black flies from Darjeeling 

region is very scanty. The cytological data of black flies from this 

region is very limited to eight species already described. The present 

work adds to the chromosomal information of other fours species of 
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black flies found from Darjeeling area. Despite all these challenges 

the work of study of population at the chromosomal level from three 

subgenus, Nevermannia, Montisimulium, and Gomphostilbia has 

been carried out with atleast one representative species from each of 

the above subgenus.  

 

Study of Simulium population from any aspect from Darjeeling hill 

is a very challenging task. Although there are numerous species of 

black flies besides those already described, the work on Himalayan 

Simuliids could not advance due to some of the few reasons such as, 

their habitats are temporary that come into existence only during the 

rainy season that feed the streams; the erratic nature of the seasons 

and the rainfall directly affect the black fly population; destruction 

of the habitat where the eggs are laid and development of the larval 

and pupal stages take place and the adult fly emerge, owing to 

indiscriminate use of water resources caused due to potable water 

scarcity in this hilly region; encroachment of the habitats by 

exploding human population; and other effects of climate change. 

Availability of any species for a considerable period of time in a 

season is very erratic. It has been found that different populations of 

black flies appear during different period of time. Under this 

circumstance steady study population of any species is very 

uncertain. Keeping in view the destruction of the breeding sites, the 

future of black flies in Darjeeling hills seemed to be threatened.  
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The present work encompasses the mitotic and polytene 

chromosomal data of four different species, Simulium 

(Nevermannia) praelargum “IIIL-1.2”, Simulium (Nevermannia) 

praelargum “IL”, Simulium (Montisimulium) dattai, and Simulium 

(Gomphostilbia) williei from Darjeeling Hill. On the basis of 

chromosomal data two new species of Simulium (Nevermannia) 

praelargum has been established as the cytoforms and have been 

designated Simulium (Nevermannia) praelargum “IIIL-1.2” and 

Simulium (Nevermannia) praelargum “IL”. The intra specific 

diversification has been studied in this species. The construction of 

species map of Simulium (Montisimulium) dattai described this 

species cytologically. The description of cytological polytene map of 

Simulium (Gomphostilbia) williei has laid the structural frame work 

of the chromosomal map of the Gombakense species group which 

was lacking till now. 

 

The present chromosomal study is very significant in understanding 

the diversity of Simuliid population across the world on the 

cytological basis.  The similarities between the Darjeeling Hill 

species and the Oriental region were more in comparison to the 

populations of other realms. The present study, however, may mean 

to be very little but will contribute significantly towards 

understanding the diversity of Simulium on worldwide basis. 
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        CHAPTER 1 
_______________________________________________________  

  

Introduction 

 

Black flies locally known as bhusana or peepsah are intregral part of 

the natural environment with the flowing waters which make their 

breeding habitat. Attention of the Government and the reserarchers 

have been drawn by the black flies due to their distribution, 

abundance, nuisance habits, economic impact on the human and 

livestock health. They invade both aquatic and the terrestrial 

environments at different stages of its life cycle. In aquatic 

environment, they are part of aquatic food web; in terrestrial 

environments, most of them are considered as pests. 

 

The family Simuliidae is a small family of the world wide order 

Diptera, the family Simuliidae ranks about 30th in number of species 

among the approximately 130 Dipteran families. The family 

Simuliidae consists of 2,204 nominal species of which 22% are 

distributed among 24 species group in the subgenus Simulium 

Laterille (Adler and Crosskey 2016).  

 

More than 20 nominal species and more than 50 cytoforms have 

been described on the basis of the polytene chromosomes. The 

cytologically described species may likely represent the valid 
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species (Adler and Crosskey 2011). For about one-quarter of the 

world’s nominal species have been documented through the 

cytotaxonomical study confirmed by about 600 papers dealing with 

the chromosomes (Adler et al., 2010).  The taxonomic structure of 

the family is constructed over the morphological work of more than 

250 years and over 50 years of chromosomal study. Other studies on 

the systematics of the family Simuliidae will have to be made on this 

framework platform.  

 

Black flies are small organisms about 1.5 to 6 mm in length and are 

humpbacked, with short legs, stout antennae, and strong anterior 

wing veins. Adult black flies are dark coloured, with variable shades 

of gray, orange, or yellow.  Eyes of the males of most species are 

larger than the females. The eyes of males meet along the midline 

whereas in females they are separated. The extent of variation within 

the family is stirking particularly in the colour pattern of larvae, gill 

configurations of pupae, and terminalia of adults. Black fies can be 

easily identified upto the family level due to the possession of 

fundamental character of the family. Eggs are not much of 

taxonomical importance; the shape and the texture of eggs are often 

variable. 

 

Depending on the species the females either lay eggs over the water 

while flying very low near to the water surface or deposit them in 

masses at different levels of strata beneath the flowing water. 

Hatching of the larvae from the eggs and pupation of the larvae takes 
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place within a period of a few days to several months depending on 

the temperature and other environmental factors. Temperature plays 

the most important role in the life cycle of black flies at its different 

developmental stages. Larvae of black flies have an elongate, 

sausage shaped body, more expanded posteriorly with a well defined 

head capsule bearing a pair of labral. The size of the black fly larvae 

are variable ranging from 5 to 9 mm in length attached to various 

substrates in running waters, such as trailing grasses, aquatic plants, 

twigs, fallen tree leaves, stones, rocks, and plastic bottles and poly 

ethylene bags. All pupae are characterized by a pair of spiracular 

gills (=respiratory histoblast) on both lateral sides of thorax and a 

silk cocoon of varying complexity.   

 

Black flies are among the top three or four most important groups of 

arthropod vectors only next mosquitoes that have received 

considerable attention after the discovery of the fact that they 

transmit filarial worms responsible for onchocerciasis (Blacklock 

1926a, b). Out of 2,204, almost 98% of the females of black flies 

feed on avian and mammalian blood. Most of these flies transmit 

blood borne pathogens (Adler 2009, Adler and Crosskey 2016).  

 

In West Bengal 27 nominal species were described with seven 

unnamed taxa (Datta 1992). Darjeeling, the area of this study, is 

situated in northern West Bengal, India, at an altitude of 2354m in 

the foothills of the Eastern Sub-Himalayan region. More than 19 

nominal species of black flies have been reported from, Darjeeling, 
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West Bengal, on the basis of morphological characters (Datta 1973, 

1974a, b, 1992, Datta and Pal 1975, Adler & Crosskey 2016). In 

recent years three more new species were described morphologically 

from Darjeeling area viz, Simulium (Gomphostilbia) williei 

(Takaoka et al., 2010), Simulium (Gomphostilbia) sachini (Takaoka 

et al., 2010), and Simulium (Nevermannia) subratai (Takaoka et al., 

2011) along with the description of male  Simulium (Montisimulium) 

dasguptai (Takaoka et al., 2009) that was not described earlier. 

Besides, two more species Simulium (Nevermannia) praelargum 

“IIIL-1.2” and Simulium (Nevermannia) “IL” was described 

cytologically (Thapa et al., 2014, 2017). In spite of the high medical 

and socio-economic importance of black flies, only a few cytological 

studies of the polytene chromosomes of black flies from this region 

have been published so far (Dey et al., 1993, Henry et al., 2009, 

2010, Thapa et al., 2014, 2017). 

 

Black flies would have been most desired specimens for the genetic 

studies if mating and rearing in the laboratory were possible as in 

case of Drosophila. The larval polytene chromosomes of black flies 

are more explicit than that of Drosophilids. The alternating light and 

dark transverse bands of polytene chromosomes could be 

instrumental in inferring reproductive isolation (Rothfels 1956). The 

sibling species which otherwise is very difficult to identify 

morphologically can be visualized only through the polytene 

chromosomes information. The population structure, evolutionary 
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relationships and effects of toxicants can also be had from the 

information provided by the polytene chromosomes.  

 

1.1      Medical and economic importance 

Black flies, due to the blood sucking habits of the adult females of 

many species make them target of study as they are economically 

and medically important. Black flies bites can be detrimental to 

animal production due to weight loss, and reproductive dysfunction 

(Freeden 1977), decrease in milk and egg production (Jamnback 

1973, Steelman 1976, Watts 1976), dermatitis and skin lesions 

(Gräfner 1981); death due to toxemia and systemic shock (Watts 

1976, Steelman 1976, Freeden 1977); bovine onchocerciasis (Watts 

1976, Steelman 1976) and avian leucocytozoonosis (Watts 1976, 

Snoddy and Noblet 1976, Fallis 1980). Black flies also affect the 

human health causing dermatitis, systemic reactions to bite 

(Jamnback 1973, Watts 1976, Newson 1977) and human 

onchocerciasis(Watts 1976) and to recreation and agricultural use 

namely, nuisance and loss of tourist revenue (Newson 1977, Merritt 

and Newson 1978), decrease in work efficiency in fields and forest 

(Jamnback 1973, Watts 1976). 

 

It has also been observed that the black fly species of Darjeeling and 

adjoining hill areas are serious nuisance to local population. Their 

biting habits results in ulceration and occasional fever (black fly 

fever). Similar reports have also been received from Arunachal 

Pradesh and Assam regions of North-East India. Of all the species 
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involved, Simulium (Simulium) himalayense is especially responsible 

for causing annoyance to humans and cattle populations (Das et al., 

1985).   

 

Simuliids are the main causative agents of onchocerciasis and 

mansonellosis  Onchocerciasis commonly called as river blindness is 

the second serious cause of  blindness in the world.  Forty million 

people have been made blind due to onchocerciasis.   As per the 

World Health Organization 1995 records (Basáñez et al., 2006, 

Remme et al., 2006), one million Disability Adjusted Life Year is 

lost due to onchocerciasis. It is reported that more than 25 species of 

Simuliids are the responsible for the transmission of Onchocerca 

volvulus causing river blindness in 6 Latin American countries, 

Yemen and 27 African countries. This accounts for 99 % of cases in 

Africa south of Sahara. A bacterium, Wolbachia has been discovered 

in the filarial worms that has proinflamatory role that establishes an 

obligate parasite-fly-human relationship. 

 

In comparison to onchocerciasis, mansonellosis is a mild disease 

(Klion and Nutman 1999).  Five Simuliid vectors along with 

Culicoides have been found to be responsible for this disease; 

mansonellosis is not widely spread and is limited to the New World 

tropics (Shelley and Coscarón 2001). As in case of all Dipterans, 

black flies have large salivary glands (Fig. 5). The polytene 

chromosomes from the larval salivary glands have the optimal 

working condition with maximum clarity.  
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OBJECTIVES: 

Chromosomal characterization of few commonly occurring species 

of the genus Simulium found in the Darjeeling Hill:- 

      a) Based on Polytene chromosome map 

      b) Based on mitotic chromosomes  

 

The literature review shows that the informations in the black flies of 

Darjeeling are very scanty. Darjeeling hill area with abundant 

streams and trickles support the existence of black flies. Only a very 

few species have been reported from this locality. Of the reported 

species, many of them have been reported incompletely by the 

morphotaxonomists. The existence of sibling species or the 

cytoforms have further made the identification of the species more 

complex.  

 

In order to support the morphotaxonomical aspects of the species 

described is not sufficient enough to justify the taxonomic status of a 

species. The supporting study from other aspects of taxonomy is 

demanding. Therefore, the cytotaxonomic work through the study of 

chromosomes, both at the mitotic and the polytene chromosome 

level is of utmost importance.  Out of 19 nominal species from this 

region, only six species have been described mitotically and seven at 

the polytene chromosome level.  
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        CHAPTER 2 
_______________________________________________________  

 

Literature Review 

 

The study of banding pattern of the polytene chromosomes has 

significantly contributed in the study of taxonomy and systematics of 

the family Simuliidae.  Debaisieux and Gastaldi (1919) first reported 

the polytene chromosomes in the black flies. Painter and Griffen 

(1937 a, b) studied the polytene chromosome organization. Griffen 

(1939) produced the first thesis on the polytene chromosomes of the 

Simuliids. The basic staining procedures and mapping conventions 

were established by Rothfels & Dunbar (1953).  The first 

comparison of polytene chromosomes among different Simuliids 

species was provided by Kunze (1953) and Zimring (1953) 

independently. The field of cytotaxonomy was ventured by Klaus 

Rothfels (1956) basing on the polytene chromosomes. Chubareva & 

Shcherbakov (1963a, 1963b) furthered the study of cytotaxonomy of 

Simuliids based on polytene chromosomes. Rothfels (1979) 

comprehensively reviewed the work on black fly cytology. The 

existence of siblings in black flies provided more fuel to the study of 

sibling species through polytene chromosomes. 

 

Continuous efforts have been made by Procunier 1982, Gordon 

1984, Hunter and Connolly 1986, Post 1986, Brockhouse 1989, 
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Elsen and Post 1989, Bedo 1989, Conn et al., 1989, Kuvangkadilok 

et al., 1999, 2008, to study the cytotaxonomy of black flies and 

ecology by Adler and Kim 1984, Adler 1987. The studies on the 

strategy for the control of this vector have been made by Post 1986, 

Adler and Kim 1984. However, the bulk of these cytological 

investigations have dealt with species from North America and 

Europe. However, works on the chromosomal characterization is 

being carried out in different parts of the world and mostly in 

Southeast Asia, especially the presence of cryptic biodiversity 

through DNA barcoding (Pramual et al., 2010, 2015), the genetic 

structure and population history at both cytogenetic and molecular 

levels (Pramual and Wongpakam 2013). It is therefore of interest to 

extend such studies to black flies from other areas. 

 

Due to the advancement of molecular technology, the studies from 

morphology, chromosomes, and molecules have been neglected for 

the taxonomic and phylogenetic information about the Simuliidae. It 

is rather convincing that the integrated approach of morphology, 

cytogenetics, and molecular biology is required for the proper 

understanding of the hierarchy of a species.  Despite having 

thousands of literature on Simuliids, only a very few literature are 

available that has dealt the issue in an integrated manner.  

 

The first research arena of the black flies from Darjeeling region 

begins with the collection of Simulium by Mr. C. Paiva, Dr. J.T. 

Jenkins, and Mr. Lynch in 1909 followed by Dr. T.N. Annandale in 
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1910.  The specimens were described by Brunetti in 1911 and 

reviewed in 1912. The studies of black flies from India were made 

by Dr. I.M. Puri who also described the species of Brunetti (1911). 

Further morphological and other studies were made by M. Datta 

during 1968-1972. Dasgupta and Sharma, Dasgupta and Mitra 

(1969) studied the incidence and blood meal of black flies. Datta & 

Dasgupta (1972-77), Datta & Das (1975), and Datta, Choudhuri & 

Dasgupta (1984) studied the relative abundance, sex ratio, nocturnal 

periodicity, photophilic behaviours, host- preference and internal 

conditions of females of black flies of Darjeeling. Datta (1973-75, 

1988), Datta & Paul (1975), and Datta, Dey & Paul (1975) described 

several species collected from Darjeeling and Jalpaiguri districts. 

Datta, Dey, and Pal; Datta, Dey, Paul and Pal (1975, 1976) studied 

the bio-ecology of some species occurring in the Darjeeling areas. 

Henry 1988 reported the phenomenon of cannibalism of the black 

flies. Dey & Fumafartosok (1984a, b) reported the mitotic karyotype 

of six species and the incidence of supernumerary chromosomes in 

Simulium gracile and Simulium ghoomense. The cytological 

mapping of polytene chromosomes of Simulium (Simulium) 

singtamense, Simulium (Gomphostilbia) ghoomense, Simulium 

(Nevermannia) praelargum, Simulium (Nevermannia) praelargum 

“IIIL-1.2”, Simulium (Nevermannia) praelargum “IL” ,and 

polymorphism of the Nucleolar Organizer Region in black flies 

(Diptera: Simuliidae) from Darjeeling were made by S. K. Dey, W.  

Henry, P.H. Adler, W.S. Procunier, R. Verma, S. Chhetri and S. 

Thapa in the consecutive years of 1993, 2001, 2014, 2017. 
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        CHAPTER 3 
_______________________________________________________  

 

Distribution and Habitat 

 

Black flies are intimately bound to their ancestral habitat-flowing 

freshwater-although reasons for this virtually exception less 

association are still poorly understood. Possibly the tie to running 

water is for respiratory reasons or because the primary larval feeding 

mode, filtering, requires delivery of food. Alone, neither explanation 

is satisfactory, for even the fanless, non filtering genera such as 

Twinnia and Gymnopais are restricted to flowing water, and larvae 

of many species can live in standing water for long periods of time.  

 

Flowing water is the livelihood of all the species of black and these 

flies have been able to exploit the entire feasible freshwater habitat 

from hot springs to glacial melt waters, sulphur springs, irregular 

streams, subterranean flows, and from trickles to rivers. Almost all 

the fresh water flowing habitat harbour black flies species at some 

time during the year (Adler and McCreadie 1997). One particular 

stream may contain at one time, usually three to four species and 

rarely the number may be more than nine to ten species. 

 

Each geographical region with a particular habitat is associated with 

each species of black flies and on the basis of stream and landscape 
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characters the distribution pattern can be by and large easily 

expected (Corkum and Currie 1987, Burger 1988, Ciborowski and 

Adler 1990, McCreadie and Adler 1998). Predictors of distribution 

depend on a spatial scale ranging from a specific substrate to a 

zoogeographic region (Adler and McCreadie 1997, McCreadie and 

Adler 1998). Both biotic and abiotic factors also influence the 

distribution of black flies which in turn also affect their population 

dynamics (Ross and Merritt 1988). 

 

The distribution pattern of different species at microhabitat level 

may vary with the age of the larvae or may be due to environmental 

factors, and so may be seen in conspicuous aggregate patterns such 

as bands, clumps or in evenly spaced distribution. And the 

distribution pattern also varies significantly with the flow of water 

and the substrate that are available. Even in the same stream the 

polyethylene bags smooth surfaces of plastic or glass bottles or 

objects may harbour larvae in large cluster than the other substrate. 

Substrate preference of the larvae and pupae are still unknown. 

These distribution patterns (as well as densities) are influenced by 

micro hydraulic factors, size and surface features of the substrate, 

food availability (Cressa 1997, Eymann 1985, 1991a, 1991c, Chance 

and Craig 1986, Ciborowski and Craig 1989, Beckett 1992, 

Lacouseiére 1992), settlement rates form the drift (Fonseca 1996, 

Fonseca and Hart 2001), disturbance events (Love and Bailey, 

1992), and the presence of other organisms (including conspecifics) 

that might act as predators, facilitators, or competitors. Larvae of 
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some species, for example are territorial, with food typically the 

contested resource, whereas larvae of other species, especially those 

living at the outflows of impoundments where food is abundant, are 

not territorial (Harding and Colbo 1981, Hart 1986, 1987, 1988). 

Competition is apparently common with other benthic 

macroinvertebrates (Hemphill 1988, 1991, Morin 1991, Kohler 

1992), as well as with macroalgae (Dudley et al., 1986). Most 

studies indicate that fewer larvae occur on substrates with 

accumulated peripyton and debris than on cleaner surfaces, possibly 

because of the greater difficulty in attaching the silk pad (Barr 

1982). At larger scales, such as within a stretch of flows up to 20m, 

distributions are often correlated with substrate type (e.g., vegetation 

or rocks), velocity, and depth (Morin et al., 1986, McCreadie and 

Colbo 1993b, Adler and McCreadie 1997). 

 

In addition it has been found that the presence of other organisms 

can also influence the distributional patterns and as well as 

population levels within sections of a stream. For example, the 

spawning activities of salmon and the subsequent death and decay of 

the fish can significantly influence simuliid distribution and biomass 

(Minakawa 1997). In longer reaches, physicochemical gradients and 

the presence of impoundment outflows are good predictors of 

distribution (Adler and Kim 1984, McCreadie and Colbo, 1992).  

 

The largest number of species has so been described from the 

Palearctic Region so far but taxonomists are of the opinion that 
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many synonyms may probably be present among the names of 

currently described or recognized species. However most of the 

regions of Palearctic Region, like the Himalayas is still yet to be 

fully surveyed and the existing guess of the presence of about 959 

species might be reasonable.  

 

However, though Nearctic Region has been most completely 

surveyed, but the number of species present was far fewer than half 

of what had been predicted. The Neotropical Regions have about 

558 species and the Oriental Regions have 524 species respectively, 

which is roughly equal. But the taxonomic scrutiny of the Oriental 

Regions has not been done at the same intensity as of the 

Neotropical regions (Currie and Adler 2007). 

 

Relatively fewer studies have been conducted in South Asia 

taxonomically which require much more study. The black flies of the 

Afrotropical Region have received significant attention, but most of 

this attempt has been focused toward vectors (e.g., Simulium 

damnosum complex) of the causal agent of human onchocerciasis. 

The Australasian Region has not been intensively studied since the 

early 1970’s (Mackerras and Mackerras 1952, Dumbleton, 1973). 

Indeed, the 71 species recently described from Irian Jaya, Maluku, 

and Sulawesi (Takaoka 2003) represent more than 36% of all the 

morphospecies currently recognized from Australasia. More 

intensive surveys in Irian Jaya, Papua New Guinea and Western 

Australia will increase the number of species for the region. The 
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simuliid faunas of Antarctica (Crozet Islands) and the Pacific 

Oceanic Islands have been well surveyed (Craig et al., 2003, Craig 

and Joy 2000); yet, additional species continue to be discovered in 

the Pacific Region as new collections are made. The Nearctic and 

Oriental Regions have the fewest endemic taxa among the major 

zoogeographic areas, perhaps owing in part to their close association 

with the Palearctic Region. The Neotropical region has by far the 

largest number of endemic genus-group taxa; however, a number of 

currently recognized ‘valid’ names (e.g., Kempfsimuliu, 

Pedrowygomyia) undoubtedly will fall into synonymy, as 

phylogenetic relationships become better understood. In contrast, 

several additional genus-group taxa will have to be recognized for 

species that are currently assigned to the Australian “Paracnephia.” 

The Afrotropical Region, with its 11 unique genus-group taxa, is 

second only to the Neotropical Regions in terms of endemicity. 

Antarctica (Crozet Islands) and the Pacific Oceanic Islands have one 

and two endemic genus-group taxa, respectively. In terms of faunal 

similarities, the Nearctic and Palearctic Regions share by a far the 

greatest number (18) of genus-group taxa. The Nearctic and 

Neotropcial Regions share six genus-group taxa, as do the Palearctic 

and Oriental Regions. At the other end of the spectrum, Antarctica 

(Crozet Islands), with its one endemic genus (Crozetia), exhibits no 

clear relationship with any other zoogeographical region (Craig et 

al., 2003). 
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        CHAPTER 4 
_______________________________________________________  

 

Polytene Chromosomes 

 

Dipterans endowed with polytene Chromosomes are the store house 

for cytological investigation that leads to their proper taxonomic 

status.  Presence of polytene chromosomes in dipterans is rather a 

monopoly in the animal kingdom. Polytene chromosomes are the 

product of endomitosis where the chromatin treads divide again and 

again within the cell with the nuclear membrane intact. Each nuclei 

bear haploid set of chromosomes with paired parallel interphase 

chromatids of the diplod individual. Polytene chromosomes are best 

found for studies in those tissues having secretory function such as 

Salivary gland, Malpighian tubules and mid gut, rectal papillae. The 

polytene chromosomes from the salivary gland nuclei of mature 

larvae offer the best resolution for studies in comparison to pupa and 

adult. However, the banding pattern of the polytene chromosomes is 

conserved in all the stages.  The degree of polytenization depends on 

the physiological conditions of the tissue from where the 

chromosomes are obtained. The quality of polytene chromosomes 

has been observed to be affected by biological and ecological factors 

such as seasonal variation along with other limiting factors.  
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In Simuliids, existence of sibling is rather a rule which is why the 

cytological investigation of the polytene Chromosomes becomes 

inevitable. 

 

4.1     Cytogenetics  

Cytogenetic studies offer the best way to understand the population 

genetics. Among the Dipteran flies Drosophiliids have been best 

studied for genetic analysis through laboratory reared populations. 

The resolution of the Simuliid polytene chromosomes excel over the 

Mosquitoes and Drosophiliid chromosomes but due the challenges 

of providing suitable environmental conditions in the laboratory 

make it very difficult to maintain a Simuliid strain in laboratory as 

the Simuliids lay eggs in the running water where the larval and 

pupal development takes place to emerge as an adult. The adult 

female black flies are haematophagus. However, Edman and 

Simmons, 1985, have successfully reared few species of black flies 

overcoming the challenges demanded by the flies for laying of eggs 

in flowing water and other developmental conditionings.  

 

The chromosomes of all the species of black flies of Darjeeling 

region so far studied have n=3, which is similar to the species of 

Simuliids reported from other parts of the world. In case of other  

Simuliids such as in Cnephia and in the members of the sub genus 

Eusimulium the Chromosome number have been reduced to n=2. 

The species of Simulium investigated from Darjeeling have shown 
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bear Metacentric and Submetacentric Chromosomes. Most of the 

species studied have shown to be reproductively conservative.  

 

Records of cytogenetic studies of the black flies are scattered and 

scanty in comparison to other groups of organisms. Only about 28 % 

of the total population of the black flies deals with the cytogenetic 

studies around the world.  

 

Polytene chromosome analysis of Simuliids serves the purpose of 

studying the frequency of certain phenomena at both population and 

species levels. Polytene chromosome study can clearly differentiate 

between the sibling species and polymorphism and add to the 

morphotaxonomic status of the fly. 

 

4.2     Chromosomal Complement 

Almost all the black flies around the world predominantly have 

haploid number of 3 chromosomes excluding some other species of 

black flies such as Cnephia pallipes of the northern Palearctic region 

(Procunier, 1982b) , and all the members of subgenus Eusimulium 

where the haploid set of chromosomes have been reduced to  n=2 

(Leonhardt, 1985). This is in all probability due to the fusion of two 

of the three chromosomes. In addition to normal haploid set of 

chromosomes, additional or supernumerary chromosomes or ‘B’ 

chromosomes have also been reported in Simuliids.  
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Most of the black flies are diploid but the presence of Triploid 

individuals is also reported. Eight such species have been recorded 

of which four of them are recorded from North America. These 

species are parthenogenetic and can be of autotriploid or allotriploid 

in origin. Stegoutate mutata is probably of autotriploid origin 

(Basrur and Rothfels 1959), Gymnopais dichopticoides, G. 

holopticoides, Prosimulium ursinum are allotriploids, derived from 

two different parental species (Rothfels 1979).  

 

4.3     Chromosomal Rearrangements 

Chromosomal rearrangement is one of the most important 

phenomena that play an important role in the study of Cytotaxonomy 

of black flies may pave ways for the speciation. This phenomenon is 

abundant in the Simuliid family. There are different types of 

chromosomal rearrangements occurring in chromosomes, which are 

clearly visible and identifiable in polytene chromosomes.  Among 

the rearrangement of chromosomes inversions are the most common 

ones. The rearrangement of the section due to inversions may appear 

at any location of the chromosome. It can occur both in autosomes 

and sex chromosomes. Even a single inversion can bring about 

significant changes in due course of time in evolution. They may be 

continue to exist in one line of generations and may be lost in other 

line. Some rearrangements involve the centromere and called 

Pericentric inversions which account for 3% of the total inversions 

and 97% are paracentric inversions. The inversion that does not 

involve centromere but involves only chromosomal arms is called 
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paracentric inversion. Paracentric inversions are more common in 

comparison to Pericentric inversion. Chromosomal inversions are 

thought to suppress crossing over.  

 

The inversions may be interspecific or fixed inversions or 

monomorphic which do not occur heterozygously and intraspecific 

which occurs heterozygously is called floating inversions which are 

polymorphic. 

 

In addition to inversions other type of rearrangements takes place 

such as deletions, insertions, duplications, band dimorphisms, 

translocations, and chromocenters. 

 

Occurrence of both the phenomena of deletion and inversions of 

individual bands or sections are not frequent. Simulium innoxium 

provide one example of such rearrangement where deletion of a 

small section from the base of the short arm of the second 

chromosome and its reinsertion in a similar position in the short arm 

of the third chromosome (Bedo 1975a; as S. pictipes “B”). 

 

In Twinnia hirticornis a heterozygous deletion of the nucleolar 

organizer from the centromere region of the first chromosome take 

place which subsequently is reinserted in the short arm of the same 

chromosome (Rothfels and Freeman 1966; as T. nova) 
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The phenomenon of duplication of bands in case of Simuliidae has 

not been documented.  

 

On the other hand, quite common type of rearrangement is the band 

dimorphism in Simuliidae especially in conditions where bands 

occur in the heterozygous condition (Bedo, 1975a; Rothfels and 

Featherston, 1981). 

 

Translocations are also not very frequent. In case of Simulium woodi 

in Africa a mid – arm translocation has been discovered (Procunier 

and Muro 1994). In 28 North American taxa the whole arm 

interchanges have been documented: Twinnia nova, T. hirticornis, 

Heldon vernalis, the 12 species of the subgenus Prosiumulium 

transbrachiuym, Heldon, also in the four eastern species of the 

Prosimulium magnum species group, the seven nominal species I the 

genus Metacnephia, and Simulium decimatum (Ottonen 1966, 

Rothfels 1979, Procunier 1982a, Rothfels and Freeman 1983, 

Shields 1990). 

 

Centromeres in Simuliids exhibit in both forms in an individual 

chromosome or the centromeres of all the polytene chromosomes 

fuse to form a chromocenters. Ectopic pairing,  association of the 

Centromeres, the pseudo-chromocenters, which resemble a true 

chromocenters but typically does not occur in all nuclei of the larval 

silk glands or in all population (Rothfels and Freeman, 1977) are 

also not uncommon. In the species where the chromocenters are 
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present, the chromosomal arms radiate from a central 

heterochromatic mass of varying size are an important tool for 

species-specific diagnostics. The chromocenters are a constant 

feature of a polytene complement, as in case of Drosophiliids, 

occurring infrequently as polymorphism (Brockhouse et al., 1989). 

Several species of North America like Prosimulium fulvum, P. 

Shewelli are polymorphic for a chromocenters. The size of the 

chromocenters is variable. The cytoform Simulium praelargum 

“IIIL-1.2” from Darjeeling, West Bengal, India also exhibits a large 

enhanced chromocenters in relations to its counterpart species, 

Simulium praelargum-st and Simulium praelargum “IL” (Henry et 

al., 2010; Thapa et al., 2014).   In some cases it is so large that it can 

be visualized even in a normal somatic nucleus as in case of 

Simulium chrimatinum n. sp. and Simulium chromocentrum n. sp. In 

case of a partial Chromocenters that involve only two of the three 

chromosomes is known in Simulium croxtoni (Hunter and Connolly 

1986), Prosimulium imposter (some Arizona populations only) and 

Simulium ghoomense (Henry et al., 2010).  

 

Sex chromosomes also exhibit rearrangements which are very 

important. Male black flies as in humans are heterogametic (XY) 

and females are homogametic (XX). However, in few taxa, females 

are heterogametic such as one species in Equador (Procunier et al., 

1987) and Japan (Hadi et al., 1995), and the Polynesian subgenus, 

Inseliellum (Rothfels 1989). Of the three chromosomes any one 

chromosome can serve as the sex chromosome. In some cases such 
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as in the Darjeeling Himalayan black flies, the simple form of sex 

chromosomes are not distinguished morphological in a typical 

microscopic preparation. These types of undifferentiated sex 

chromosomes are presumed to be ancestral condition (XoYo) within 

a population which is present in half of the 155 North American 

species (Adler et al., 2004). Cytologically differentiated sex 

chromosomes (X1Y1, X2Y2) bearing species are also prevalent. 

X1Y1, X2Y2 can be recognized by any of various rearrangements, 

especially inversions. Sex chromosomes can also be recognized by 

heterochromatinization of certain regions, supernumerary bands, 

band dimorphisms and differential expression of the nucleolar 

organization. In the species where the sex is heterogametic, the sex 

differential segments exist in the heterozygous condition. This 

condition restricts recombination between sex chromosomes. 

Multiple sex chromosome rearrangements as well as undifferentiated 

sex chromosomes may be found in a single species (Procunier 

1982a, McCreadie et al., 1995). The single species with multiple sex 

chromosomes could be a composite of two or more species each 

with a unique sex chromosome sequence. The sex linkage may be 

incomplete which may be due to crossing over (Rothfels 1978, 

1980). The condition where the partial sex linkage is known is 

termed pseudo-partial sex linkage, which involves the coexistence of 

two structurally identical, inversion bearing chromosomes. In this 

case only one carries the sex locus (Rothfels 1980, Brookhouse and 

Adler 2002). Sex chromosomes bring about a difference in most of 

the species. Sex linked rearrangements on different chromosomes in 
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non-homologous sex chromosomes are typically associated with 

different species. Sex lined rearrangements in each of the three 

member species of Simulium pictipes species group are on a 

different chromosome (Bedo 1975a), may be due to the mobile 

nature of sex locus (Rothfels 1980, Procunier 1989). It is not 

necessary to have sex-linked rearrangements of different species on 

different chromosomes. Different sex related rearrangements on the 

same chromosomal arm, often within a group of closely related 

species are associated with separate species as in Simulium 

tuberosum species complex (Landau 1962 and the Simulium 

arcticum species complex. On the contrary, different sex 

chromosomes do not necessarily mean different species. Many 

species have sex chromosome polymorphisms where some 

individuals carry a particular sex-linked rearrangement where other 

individual carry a different one, although typically on the same 

chromosomal arm. In Simulium conundrum n. sp. in an area less than 

3500 km² on Newfoundland’s Avalon peninsula, as many as five sex 

chromosome polymorphisms have been found, although the 

possibility that some of these polymorphisms corresponds to 

different species cannot be excluded (McCreadie et al., 1995). 

Prosimulium mixtum and Prosimulium transbrachium share the 

same differentiated sex chromosomes (Rothfels and Freeman 1983).  

 

4.4     Nomenclature 

Nomenclature of black flies is specialized in relation to study of 

cytotaxonomy of mosquitoes, drosophilids and other Diptera. The 
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present form of nomenclature was first proposed by Rothfels and 

Dunbar (1953) and further refined and expanded by Basrur (1959), 

Bedo (1977), Rothfels et al., (1978) and Rothfels (1988). It becomes 

mandatory to familiarize with this nomenclature for proper 

understanding of cytotaxonomic literature on black flies.  

 

Most of the black flies have three chromosomes which are numbered 

as I, II, and III from longest to shortest. These three chromosomes 

represent approximately 42%, 30%, and 28% respectively of the 

total complement (Dunbar 1966). Each chromosome is divided into 

two arms by a presence of a sub-median centromere (C). The 

centromere often is an expanded region and is deeply 

heterochromatic. The centromere can be indistinguishable from the 

remainder of the chromosome bands as in Simulium pugetense where 

the expanded region is absent.  

 

The identification of the centromere has to be done by the presence 

of ectopic pairing of the centromeric bands and by comparison with 

the banding sequence of the species whose centromere is known. 

The expanded centromere region may be transformed as in 

Prosimulium. Such centromeric region is referred to as transformed 

centromere (Ct) (Basrur 1959).  

 

Each chromosome is designated to have a short (S) and long (L) 

arms. The difference of short and long arms are readily apparent in 

chromosome number II and III but the difference in long and short 



26 
 

of chromosome number I is negligible. The short and long arm 

configuration is consistent across the species, except in Simulium 

vittatum complex where short and long arm of chromosome I are 

reversed (Rothfels and Featherston 1981) and the species belonging 

to subgenus Eusimulium also exhibit the same. Some species have 

experienced whole arm interchange, however the arm designations 

are retained except in subgenus Helodon, permitting reorganization 

that inter changes exist (e.g., IS+IIIL and IL + IIIS in Simulium 

decimatum).  

 

The chromosomal arms have certain land marks that help to readily 

recognize a particular arm of a particular chromosome. The land 

marks are characteristics of the chromosomal arms (Rothfels et al., 

1978, Rothfels 1988). The land marks are important tool to identify 

any scrambled section due to one or more inversions. Different 

chromosomal landmarks are used to designate certain portions of the 

three different arms. Of the landmarks, the “ring of Balbiani” (BR) 

(a large puff of distinctive texture) in IIS, the “parabalbiani” (PB) 

and “3 sharp” in IIL and the “blister” (Bl) in IIIS are amongst the 

prominent and important ones. There are other numerous markers in 

IS, IL, and IIIL that are more taxonomically restricted, such as, the 

“basal 3” and “end marker” (i.e. terminal fine bands in IS). IL is 

marked with the “Z marker” and “neck”. IIS has the “trapezoid” (T) 

and nearly universal “bulges (double bubble)” (B or DB) separated 

by a “shoe string”. IIL is loaded with the “DNA puff” (P), “gray 

band” (gb), “jagged” (jg), “puffing band”, “saw tooth”, and 
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“symmetrical”. IIIL has the “cup and saucer” and “basal marker”. 

IIIS is endowed with “capsule”. The universal landmark found in all 

black flies is the “nucleolar organizer” (NO). It is a site of heavy 

ribosomal RNA synthesis and forms a single large nucleolus that 

appears as an exploded area somewhere in the stained complement. 

The location of the nucleolar organizer (NO) is species or group 

specific and, therefore, can provide a simple means of identification. 

The position of the NO although nearly always constant within a 

species, it may be highly mobile throughout the family. Therefore, 

not restricted to any one arm or location. In addition to primary 

nucleolar organizer, a secondary nucleolar organizer in varying 

frequencies in some species, e.g., Simulium anatinum have been 

recorded (Rothfels and Golini 1983). 

 

Usually the inversions are designated by a number and the arm in 

which they are found, for example, IIS-1 as the first inversion, 

arbitrarily named though often in order of discovery in the short arm 

of chromosome II. Some authors have also used letter designations 

(e.g. IIIS-B). Letter P is assigned to designate pericentric inversions. 

Fixed inversions are represented as underlined (e.g., IIIS-1) or 

italicized (e.g., IIIS-1), distinguishing them from floating inversions 

(IIIS-1), which are sometimes designated by an abbreviated species 

name (e.g., IS-1wi in Simulium williei). Commas are used for 

overlapping inversions in order of occurrence (e.g., IS-2, 5), whereas 

one inversion is included within another or when two inversion are 

in tandem, a period is used (e.g., IIIL-1.2). Brackets are used for X-
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linked inversions or by dashed or by dashed brackets for Y-linked 

inversions. “ss” (homozygous inverted sequence) are used for three 

possible configurations of a banding sequence.  

 

A chromosomal map may be constructed by a free hand drawing of 

the chromosomal complements or a photograph. The standard maps 

may be constructed representing most central or common sequence 

of each arm in taxon. Therefore the standard map can be tentative 

pending additional taxon sampling.  

 

The entire chromosomal complement is divided into 100 

approximately equal sections beginning from the telomere of IS to 

IIIL. The numbers of sections are assigned according to percentage 

total complement length (%TCL). Sections can be sub-divided in 

such a way that the bands are designated individually, e.g., 34B2 

represent second band in the sub-section B of section 34. Idiograms 

are often prepared to complement the chromosome maps showing 

major landmarks and rearrangements.  

 

Although polytene chromosomes exhibit a high degree of taxonomic 

resolution, various terms has arisen to describe cytologically 

differentiated taxa such as “cytotypes”, the population that are not 

reproductively isolated but are cytologically distinct. “Cytoform” are 

used to the ones as a cytological entity irrespective of whether 

reproductively isolated or not and does not carry a formal name 

(Crosskey and Howard 1997). “Cytospecies” is often used to the 
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population to the ones that are morphologically similar but 

reproductively isolated. Cases of sibling species of “cryptic species” 

are special cytospecies. 

 

4.5     Cytotaxonomy 

The most important application of Cytotaxonomy has been the 

illustration of sibling species through fixed inversion differences; 

this is additionally supported by unique sex chromosome and 

autosomal polymorphism spectra (Rothfels 1956). Bedo 1979, 

Tangkawanit et al., 2009, advocated that cytogenetic studies of black 

flies often reveal the morphologically described species are 

composed of several cytologically distinct sibling species. These 

sibling species can be recognized by fixed chromosome inversion 

differences, differences in sex linked inversions and differences in 

floating inversions (Rothfels 1979). Different molecular approaches 

have been applied to differentiate cytospecies but are in vain 

(Feraday and Leonhardt 1989, Scarpassa and Hamada 2003, 

Charalambous et al., 2005, Morales-Hojas and Krueger 2009).  

Study of the sibling species help to gain the idea of reproductive 

isolation which are inferred by an absence of inversion 

heterozygotes when two opposite banding sequence are present 

sympatrically in a considerable number of individuals. Presence of 

heterozygotes in a population of two valid species provide evidence 

of hybridization (Rothfels and Nambiar 1981, Boakye et al., 2000). 

The genetic differentiation at molecular level is a general character 

of the family Simuliidae (Adler et al., 2010). The low genetic 
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differentiation of the cytospecies possibly include the ability of long 

distance migration (Crosskey 1990), Genetic Introgression (Adler et 

al., 2010) and inadequate variation of the genetic marker used due to 

recent divergence of the taxa (Scarpassa and Hamada 2003, Conflitti 

et al., 2010).  

 

Cytotaxonomy, as much it is important to understand the status of 

the species has its limitations. Whenever possible cytotaxomy should 

be used in conjunction with other approaches including 

morphotaxonomy, molecular taxonomy and ecology. No single 

approach can tackle to solve the issues at species level as it is a 

continuous natural process especially in case of allopatric species. 

Reproductively isolated species found at the same site is best 

demonstrated on the basis of fixed rearrangements. Other limitation 

of cytotaxonomy to describe a population that differ only in their Y-

chromosomes or with differing frequency of autosomal 

polymorphism or do not differ at all in their chromosomes but yet 

might be a different species.  Gene mutations can cause speciation 

without apparent chromosomal changes. It is expected that many 

new species are yet to be discovered on the basis of sex-chromosome 

polymorphism.  
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Polytene chromosomes have significantly contributed to the 

phylogeny of black flies. On the basis of chromosomal 

rearrangements, especially inversions relative to the standard is 

taken as evidence of common ancestry (Rothfels 1979). The 

frequencies of similarities in the polytene chromosomes between the 

taxa represent their relativeness. With the presence of intermediate 

species the distant taxa can be correlated. Site specific profiles of 

autosomal polymorphisms, through polytene chromosomes can be 

understood, first noted for Simulium tuberosum (Landau 1962), that 

females return to natal ways to breed (Rothfels 1981b) and that 

movement by ovipositing females occur more readily along the 

stream then between neighbouring streams (Bedo 1975a). However, 

all the species do not follow this norm as evidenced in case of 

Simuliun venustum/verecundum super complex females do not tend 

to oviposit predominantly at natal sites (Hunter and Jain 2000). 

 

Chromosomal study also indicates the impacts of environmental 

insults and the resultant changes in the population over time. It has 

been observed that heavy metals influence chromosomal features 

(Sanderson et al., 1982). Polytene chromosome studies have its 

utility in understanding the quality of the water. In an African 

species, the presence of a particular inversion has been used to 

monitor the spread of insecticide resistance (Meredith et al., 1986). 
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4.6     Utility 

Cytotaxonomy is the most important tool for the elucidation of the 

sibling species on the basis of fixed inversions. The idea of sibling 

species is further supported by unique sex chromosomes and 

autosomal polymorphism spectra (Rothfels 1956). Morphologically 

described species may be composed of several cytologically distinct 

sibling species. (Bedo 1979, Tangkawanit et al., 2009). Cytogenetic 

study can help recognize these siblings by fixed chromosome 

inversion differences; difference in sex-linked inversions and 

floating inversion differences (Rothfels 1979).  Although many 

molecular approaches have been used to differentiate cytospecies but 

none of them proven to be successful (Ferady and Leonhardt 1989, 

Scarpassa and Hamada 2003, Charalambos et al., 2005, Morales-

Hojas and Krueger, 2009). The central idea of differentiation of 

sibling species is on the basis of reproductive isolation which is 

understood by inversion heterozygotes in a significant number of 

individuals, when two opposite banding sequence are present 

sympatrically.  Therefore the presence of heterozygotes in a 

population of two valid species provides the evidence of 

hybridization (Rothfels and Nambiar 1981, Boakye et al., 2000 a, b). 

In the family Simuliidae it is suggested that low genetic 

differentiation at the molecular level is a general character (Adler et 

al., 2010). There is no certainty to explain the low genetic 

differentiation of the cytospecies but it is thought to be due to the 

ability of the long distance migration of these flies (Crosskey 1990), 

genetic introgression (Adler et al. 2010)  and inadequate variation of 
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the genetic marker that are considered. The genetic structure and 

diversity pattern of the species are influenced by ongoing gene flow, 

population fragmentation and population expansion. It is evident that 

no one methodology is competent enough to understand the 

population structure in Simuliids. In order to understand the 

population in the best possible way is to use different approaches 

such as, morphotaxonomy, cytotaxonomy, molecular taxonomy and 

ecology in conjunction with each other. Existence of allopatric 

population poses primary limitations to all the approaches even in a 

condition where fixed rearrangements are prominent. However, 

fixed rearrangements differences found at the same site can elucidate 

reproductive isolation. It is also best to avoid formally naming 

allopatric populations that bear slight differences. Role of 

cytotaxonomy is very limited in those populations where there is 

difference only in Y-chromosome and in the populations that differ 

in autosomal polymorphism frequency or do not at all differ 

chromosomally but may be a different species. In these cases 

demonstration of reproductive isolation cannot be done by a lack of 

heterozygotes. To argue for species status linking equilibria and 

heterozygote deficiencies of shared polymorphisms (typically 

inversions) are taken in consideration (Bedo 1979, Henderson 

1986b).  Hardy-Weinberg equilibrium is shown to be deviated in 

case of heterozygote deficiencies, which sometimes is called 

“Wahlund effect.” Speciation and evolution can occur without 

apparent chromosomal changes, possibly by gene mutations in case 

of homosequential sibling species. These conditions pose a major 



34 
 

challenge to the taxonomists to discover and recognize a species. 

While considering above facts many more new species are yet to be 

discovered in the realm of sex chromosome polymorphisms and 

homosequential species. Information gathered from polytene 

chromosomes has enormously contributed to the construction of 

phylogeny of black flies.  
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FIGURE: 1a Collection site 

 

FIGURE: 1b Collection site 
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FIGURE: 1c Collection site 

 

FIGURE: 1d Collection site 
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        CHAPTER 5 
_______________________________________________________  

  

Materials and Methods 

 

5.1     Materials 

Simulium (Nevermannia) praelargum “IIIL-1.2” Thapa et al., 2014 

Simulium (Nevermannia) praelargum “IL”, Thapa et al., 2017 

Simulium (Montisimulium) dattai, Takaoka and Samboon, 2008 and 

Simulium (Gomphostilbia) williei, Takaoka et al., 2010 constituted 

the material for the purpose of study. 

 

5.2     Collection of the larvae  

The Simuliid larvae were collected from different streams, trickles 

and other free flowing natural water bodies (Fig. 1a, 1b, 1c, 1d) of 

Darjeeling Hill areas. The larvae were found to be attached with 

pebbles, twigs, submerged vegetations and also in some other debris 

such as plastic materials, polyethylene sheets etc. 

 

5.3     Collection Sites 

The entire specimens for this research work were collected from out 

skirt areas of Darjeeling town standing at an altitude of 2,354 m. The 

larvae were collected from small to medium sized streams from two 

sites in Dali around 4 kms south from Darjeeling town with Latitude 

of 27.023253°N and Longitude of 88.250685°E. The streams were 

named as stream 1 and stream 2. One stream from Happy Valley 1 
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km north from Darjeeling town with 27.051023°N of Latitude and 

88.279866°E of Longitude, one from Sonada area approximately 17 

km south from Darjeeling town with 26.935997°N of Latitude and 

88.248367°E of Longitude, one from Bokshi Jhora, 4 km south from 

Darjeeling town with 27.019296°N Latitude and 88.252788°E of 

Longitude and one from Gandhi Road with Latitude of 27.018187° 

N and Longitude of 88.254247°E. The water current in all the 

sources were mild to moderate. The width of the streams varied from 

12 to 15 cm with the depth of about 2 to 3 cm.  The temperature of 

the water varied from 13°C - 16°C. The collection sites were of 

different types. Some portions of the water body were exposed to 

sunlight whereas some others were shaded with different 

vegetations. Out of the four species worked out, the three species of 

the larvae collected for this study  viz, Simulium (Nevermannia) 

praelargum “IL”, Simulium (Gomphostilbia) williei and Simulium 

(Montisimulium) dattai were found together in almost all the 

mentioned collections sites and were associated with other species 

like, Simulium (Nevermannia) praelargum-st, Simulium 

(Gomphostilbia) sachini, Simulium (Gomphostilbia) darjeelingense, 

Simulium (Gomphostilbia) asakoe and Simulium (Montisimulium) 

ghoomense but were sometime but rarely associated with Simulium 

(Gomphostilbia) gracile and Simulium (Gomphostilbia) purii.  

Whereas Simulium (Nevermannia) praelargum “IIIL-1.2”and 

Simulium (Nevermannia) praelargum-st were found together in 

Happy valley and Sonada site.  All the association of the mixed 

population were period selective.  
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FIGURE 2: Last-instar larva  
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5.4     Period of Collection  

Collection period started annually from the month of May to 

November. The collections of the specimens were made during the 

period 2008 - 2016. The collection of the larval population was 

affected due to disturbances in the environmental conditions and 

disruptive rains and monsoon.  

 

5.5     Fixation of the larvae 

The Simulium larvae (larva-Fig. 2) were collected live and fixed in 

the field after soaking them in a blotting paper. The matured larvae 

were plunged into freshly prepared aceto-ethanol 1:3 (Glacial acetic 

acid: ethyl alcohol). Only mature larvae were collected identified on 

the basis of well developed respiratory histoblast. The larvae were 

then transported to the laboratory.  

 

5.6     Preservation of the larvae 

The larvae were then transferred to fresh fixative with 3 – 4 changes 

and then kept in the freeze at - 4° centigrade for immediate use and 

at -20° for prolonged use. 

 

5.7     Identification of the larvae 

All the identification has been done by the author mainly on the 

basis of the number of filaments and their pattern in the respiratory 

histoblast, the larval gills; size and shape of the post -genal cleft; 

head patterns along with other identifying distinctive characters as 

described by the authors through published papers. The population  
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FIGURE 3: Salivary glands 
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FIGURE 4: Neuroblast ganglia 

 

FIGURE 5a: Yashika binocular microscope 
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of collected specimens of individual species was separately 

preserved with proper collection indices. 

 

5.8     Extraction of salivary glands, neuroblast ganglia and 

ovary 

 

The dissection of the larvae for salivary glands (Fig. 3) differs in 

case of live and fixed specimens. In case of live larvae the head and 

the tail regions is pulled apart in a 0.67% of NaCl where the salivary 

glands float. In case of prefixed and preserved specimens the larvae 

are dissected ventrally with the help of fine needles that make the 

incision of the skin. The salivary gland which occupies 

approximately 2/3rd of the body cavity is easily recognizable. The 

salivary glands have long stem with a sharp U-shaped curvature at 

the basal end that has a bulged ends (Fig. 3). The dissections were 

made in 95% ethanol under a binocular microscope (Yashika Japan 

– Fig. 5a). 

 

The paired Neuroblast ganglia (Fig. 4) were dissected from the base 

of the head region that appeared as small rounded bodies. 

Dissections were made in 95% ethanol under the binocular 

microscope (Yashika Japan – Fig. 5a).  Sometimes 0.25% of 

Colchicine was used for the mitotic plates; however, the mitotic 

plates without Colchicine pretreatment also offered clear and 

prominent mitotic chromosomal plates. The treatment with 

Colchicine posed a serious threat to the survival of the larvae. The 

time required for Colchicine pretreatment is between 2 to 3 hours.  
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FIGURE 5b: Olympus CH 20i compound microscope 

 

FIGURE 6: Camera 
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The rudimentary ovaries have provided the best source for mitotic 

plates. Ovaries found to be located at the base of lower abdomen 

embedded within fat bodies. 

 

5.9     Preparation of temporary slides 

The glands were then stained in a cavity slide with 2% Lacto-

Propionic- Orcein for about 20-25 minutes (2grams of Orcein 

powder dissolved in a solution containing 25ml of lactic and 25 ml 

of Propionic acid mixed in 50 ml of distilled water). 

 

Adequately stained salivary glands were then dissected for epithelial 

layer of the gland. Jelly like substance of the glands was rejected. 

The epithelial layer of the glands were then squashed under a cover 

glass in 50 % lactic acid or 50 % mixture of lactic and propionic acid 

with requisite thumb pressure. The neural glands were also squashed 

in the same manner as that of salivary glands. The slides were sealed 

with DPX mountant. Observations were made under the compound 

light binocular microscope (Olympus CH 20i) (Fig. 5b). 

 

5.10     Observations 

Nuclei with considerably well spread plates of polytene 

chromosomes were selected and photographed with a  digital camera 

(Canon Power shot SX 150, 14.1 megapixels)(Fig. 6). The 

photographs of the polytene chromosomes were transferred to 

computers. The polytene chromosome maps were then constructed 

using computer software -Adobe Photoshop CS. The constructed  
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FIGURE 7a: Testes 

 

FIGUREE 7b: Ovaries 
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maps were compared with available standard maps in respect to 

species maps. 

 

All the species under observation exhibited n=3 haploid sets of 

chromosomes. The three chromosomes were distinct in respect of 

length. The chromosomes are numbered I, II and III according to 

their lengths. The longest being the Chromosome I and shortest the 

chromosome III, middle one being chromosome II.  

 

5.11     Sex identification of the larvae 

The larvae have rudimentary gonads. The larval ovaries and the 

testes remain embedded in the fat body at the abdominal region. The 

ovaries are elongated where the testes are oval (Fig. 7a, 7b). The 

male and the female larvae are identified likewise. 

 

5.12     Measurement of Polytene Chromosomes 

Relatively well spread and condensed polytene chromosomal plates 

were selected for the purpose of measurement of the chromosomal 

complements. Camera lucida (Prism type) was used to draw the 

outline of the Chromosomes. The drawing of the chromosomes was 

measured conventionally with the help of a flexible wire, whose 

length in turn was measured with the help of graduated scale. 

 

Polytene Chromosome arms in 10 nuclei from each of 10 larvae 

were measured to determine their percentage total complement 

length (%TCL) and the polytene chromosome maps were divided 
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into 100 sections assigning number of sections to each arm under 

equivalent to the value of percentage of length. The conventions and 

nomenclature of Rothfels et al., 1978 were followed to label the 

chromosome maps. 

 

For mitotic measurement ocular micrometer on calibration with the 

stage micrometer under oil immersion magnification (10x100X) was 

used to measure the relative lengths of the mitotic chromosomes in 

µ. Standard error of the mean (SE) was calculated conventionally. 

 

5.13     Classification of the chromosomes 

Chromosomes were classified as metacentric (m) (arm ratio 1-1.7) 

and submetacentric (sm) (arm ratio 1.7-3) basing on the position of 

the centromere and the arm ratio between short arm and the long arm 

of the chromosomes following conventional method proposed by 

Levan et al., 1964. Nomenclatures of different parts of the polytene 

chromosomes have been done following the method proposed by 

Rothfels et al., 1978. 
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        CHAPTER 6 
_______________________________________________________  

 

Results 

 

6.1     Simulium (Nevermannia) praelargum “IIIL-1.2” Thapa et 

al., 2014 

 

The working specimens of Simulium (Nevermannia) praelargum 

“IIIL-1.2” were collected from a trickle which existed only during 

raining season located at Dali, 4 kms south from Darjeeling, with 

latitude of 27.023253°N and longitude of 88.250685°E.  The 

collections were made between 09/11/2008 to 23/08/2009. The same 

specimen were collected from Happy Valley, one km north from 

Darjeeling town with 27.051023°N of Latitude and 88.279866°E of 

Longitude on 28/11/2008. This specimen was collected from another 

location at Sonada, approximately 17 km south from Darjeeling 

town with 26.935997°N of Latitude and 88.248367°E of Longitude 

on 16/06/2010.  Out of the 100 specimens collected and analyzed, 86 

specimens were from Dali, 08 from Happy Valley and 06 from 

Sonada (Table I).  

 

Out of the 100, 57 were males and 43 were females. The average sex 

ratio between male and female were 1:1.3. The specimens collected 

from different spots within the latitude and longitude mentioned 

above did not show any difference in the chromosome level. The 
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population of Simulium (Nevermannia) praelargum “IIIL-1.2” in 

comparison to Simulium (Nevermannia) praelargum-st was found to 

be in the ratio of 1:2.4. The sex ratio between Simulium 

(Nevermannia) praelargum “IIIL-1.2” and Simulium (Nevermannia) 

praelargum-st, for males were 1:1.8 and females 1:3.  

The gill histoblasts of this species had six gill filaments as in all 

feuerborni group described. Simulium (Nevermannia) praelargum 

“IIIL-1.2” lacked an anterodorsal projection in the cocoon which is 

present in Simulium (Nevermannia) praelargum-st. 

Table I: Collection data for Simulium (Nevermannia) 

praelargum “IIIL-1.2” from Darjeeling area, West 

Bengal, India. 

 
Location 

 

Collection 

Date 

Latitude Longitude Number of 

males: females 

analyzed 

Dali 09/11/2008 27.023253ºN 88.250685ºE 7:5 

Dali 23/11/2008 " " 8:9 

Dali 30/11/2008 " " 4:3 

Dali 02/08/2009 " " 10:12 

Dali 09/08/2009 " " 2:1 

Dali 16/08/2009 " " 9:5 

Dali 23/08/2009 " " 9:2 

Happy 

Valley 

28/11/2008 27.051023ºN 88.258538ºE 4:4 

Sonada 16/06/2010 26.935997°N 88.248367°E 4:2 

 

Total 

57 males:43 

females  

100 
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FIGURE 8: Mitotic metaphase complement of Simulium (Nevermannia) praelargum 

“IIIL-1.2” showing chromosomes one (I), two (II) and three (III). C, centromere 

 

 

 

FIGURE 9: Idiogram of Simulium (Nevermannia) praelargum “IIIL-1.2” showing 

major landmarks. Ch, Chromocentre; NO, nucleolar organizer; B, bulge (double 

bubble); RB, ring of Balbiani; T, triad, trapezoid; PB, Para Balbiani ring; gb, grey 

band; Ca, capsule; B, blister; IL, long arm of chromosome one; IIL, long arm of 

chromosome two; IIIL, long arm of chromosome three; IS, short arm of 

chromosome one; IIS, short arm of chromosome two; IIIS, short arm of 

chromosome three. IIIL-1, inversion one; IIIL-2, inversion two, of a two-step 

paracentric included inversion.  
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FIGURE A: Karyotype of four species ivestigated  
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FIGURE B: Mitotic Idiogram of four species investigated 
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6.1.1     Chromosomal analysis 

6.1.1. A.     Mitotic chromosomes 

The mitotic plates (Fig. 8) exhibited three pairs of tightly paired 

distinct chromosomes.  The chromosomes seemed to be fully 

condensed. Centromeres were identified as clear, transparent, non 

staining zone between the chromosomal arms. The three pairs of 

chromosome were readily identifiable as chromosome I, II, and III 

on its sharp variable lengths as shown in the karyotype and 

idiogram. (Fig. 9, Fig. A- Karyotype and Fig. B- Idiogram of four 

species investigated). 

 

The differences between short and long arms were also distinct. The 

total mean length of chromosome I was measured to be 3.10µ. The 

short and the long measured to be 1.35µ and 1.75µ. The arm ratio 

was of 1.29 with the centromeric index 43.54, on the basis of which 

chromosome I was designated to be metacentric.  

Chromosome II was also readily distinguishable by its length which 

measured 2.59µ in length. The length of the short arm was 1.17µ and 

the length of long arm was 1.42µ respectively, with arm ratio of 1.21 

and centromeric index of 45.17. Chromosome II was designated as 

metacentric.  

Chromosome III was the shortest of the three measuring 1.89µ. The 

length of short arm was 0.79µ and of long arm was 1.50µ, with arm 

ratio of 1.89. Chromosome III was designated as sub-metacentric 

(Table III).  
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The whole mitotic complement in total was measured to be 7.98µ. 

The difference in total mean length of chromosome I and II was 

found to be 0.51µ (3.10-2.59). Difference between chromosome I 

and III was found to be 0.30µ (2.59-2.29). The mean length 

difference between chromosome II and III was 0.81µ (3.10-2.29). Of 

the total mean length of chromosomes I, II, and III, 7.98µ, 38.84% 

was comprised of chromosome I, 32.45% and 28.69% comprised of 

chromosomes II and III respectively.  Total length of long arm of 

chromosomes I, II, and III, i.e. 1.75µ, 1.42µ, and 1.50µ was 4.67µ. 

Total length of short arm of chromosomes I, II, and III, i.e. 1.35µ, 

1.17µ, and 0.79µ was 3.31µ. The percentage of long arms to total 

was 58.52 % and of short was 41.47%. Total percentage occupied by 

IS was 16.91%; IIS, 14.66%; and IIIS, 9.89%. And total percentage 

occupied by IL was 21.92%; IIL, 17.79; and IIIL, 18.79% 

respectively. 
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Table III: Mitotic Chromosome measurement Simulium 

(Nevermannia) praelargum “IIIL- 1.2”. 

 

 

6.1.1. B.     Polytene chromosomes 

Simulium (Nevermannia) praelargum “IIIL-1.2” Thapa et al., 2014, 

exhibit three polytene chromosomes (n = 3), each tightly synapsed 

and having a prominent chromocenter (Figs. 10-15, and Fig. 16). 

Chromosomes I and II were metacentric and chromosome III was 

submetacentric as confirmed by mitotic complement (Fig. 8; Table  

Name of the 

species 

Chromo-

some 

Number 

Mean length 

(µ) 

SE (±) 

Short     Long 

arm        arm 

Total 

length 

(S+L) 

Arm 

ratio 

r=l/s 

Centromeric 

Index 

(i) 

Nature of 

chromosome 

 

 

 

 

Simulium 

(Nevermannia) 

praelargum 

“IIIL-1.2” 

 

I 

 

1.35      1.75 

±0.02   ± 0.06 

 

 

3.10 

 

1.29 

 

43.54 

 

Metacentric 

 

II 

 

 1.17       1.42 

±0.06    ±0.08 

 

 

2.59 

 

1.21 

 

45.17 

 

Metacentric 

 

III 

 

0.79      1.50 

±0.03   ± 0.07 

 

 

2.29 

 

1.89 

 

34.49 

 

Sub-

metacentric 
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III). The first chromosome is 38.15%, the second 31.20%, and the 

third 30.63% of percentage total complement length (%TCL) with 

ratios of 1.24:1.00:1.00. The arm ratios for each of the three 

chromosomes were 1.06:1.00 (IL: IS), 1.19:1.00 (IIL: IIS), and 

1.74:1.00 (IIIL: IIIS). The sections assigned to different arms of the 

chromosomes correspond to their percentage of TCL. Accordingly 

18 and 20 sections were assigned to IS and IL; 14 and 17 sections to 

IIS and IIL; 11 and 20 sections to IIIS and IIIL respectively (Table 

II).  All the three chromosome bear characteristic telomeric ends. All 

the chromosomal arms are interspaced with thick and thin bands. 

 

All the three chromosomes are loaded with specific landmarks. The 

constructed idiogram (Fig. 9) exhibit the salient features of the 

polytene chromosome of Simulium (Nevermannia) praelargum 

“IIIL-1.2”. The idiogram shows a prominent chromocenter which is 

formed by the fusion of centromere of all the three chromosomes. 

Chromosome IS is marked with the presence of Nucleolar organizer 

(NO) near the chromocenter. NO appears to be diffused, enlarged 

and non staining zone. IL does not have distinguishing landmarks. 

Short arm of chromosome II (IIS) is very distinct in having bulge 

(B), ring of Balbiani (RB) and Trapezoid (T). IIL is characterized 

with parabalbiani (PB) and gray band (gb). Short of chromosome III 

(IIIS) bear blister (Bl) and capsule (Ca). Long arm of chromosome 

III (IIIL) does not have any distinctive landmarks. All the 

chromosomes bear numerous heterochromatic bands in between 

euchromatic regions.  
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 FIGURE 10: Photo composite map of the short arm of chromosome one (IS) of 

Simulium (Nevermannia) praelargum “IIIL-1.2”. Ch, chromocentre; NO, nucleolar 

organizer. 

 

FIGURE 11: Photo composite map of the long arm of chromosome one (IL) of Simulium 
(Nevermannia) praelargum “IIIL-1.2”. Ch, chromocentre. 



59 
 

Table II:  Percentage total complement length (%TCL) of 

chromosome arms for 10 nuclei from each of 10 larvae 

of Simulium (Nevermannia) praelargum “IIIL-1.2” 

from the Darjeeling area, India. 

 

 IS IL IIS IIL IIIS IIIL 

%TCL 18.49 19.66 14.20 17.00 11.18 19.45 

SE ±0.59 ±0.51 ±0.38 ±0.66 ±0.37 ±0.46 

Sections per arm 18 20 14 17 11 20 

 Note: IS, short arm of chromosome one; IL, long arm of chromosome 

one; IIS, short arm of chromosome two; IIL, long arm of chromosome 

two; IIIS, short arm of chromosome three; IIIL, long arm of 

chromosome three. 

TCL, total complement length  

SE, standard error of the mean. 

 

Chromosome I: Metacentric chromosome I was sharply 

distinguished from the other two chromosomes by its greater length. It 

was divided into a short arm and long arm designated as IS (Fig. 10) 

bearing sections 1 – 18 with 18.49% of TCL and IL (Fig. 11) bearing 

sections 19 – 38 with 19.66% of TCL. Chromosome I bears the 

characteristic nucleolar organizer region (NO) at the base of IS in the 

section 18. The NO is readily recognized in good preparations and 

serves as a distinguished identifying land mark. Section 38 marks the 

end of the IL. The chromosome bears numerous necks in between two 

bulged regions. The condensation of the chromosome depends on the 

maturity and physiological conditions of the larvae. The first 16  



60 
 

 

 FIGURE 12: Photo composite map of the short arm of chromosome two (IIS) of 

Simulium (Nevermannia) praelargum “IIIL-1.2”. B, bulge (double bubble); RB, ring 

of Balbiani; T, triad, trapezoid; Ch, chromocentre. 

 

 

 FIGURE 13: Photo composite map of the long arm of chromosome two (IIL) of 

Simulium (Nevermannia) praelargum “IIIL-1.2”. PB, Para Balbiani ring; gb, grey 

band; Ch, chromocentre. 
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 FIGURE 14: Photo composite map of the short arm of chromosome three (IIIS) of 

Simulium (Nevermannia) praelargum “IIIL-1.2”. Ca, capsule; Bl, blister; Ch, 

chromocentre. 

  

FIGURE 15: Photo composite map of the long arm of chromosome three (IIIL) of 

Simulium (Nevermannia) praelargum “IIIL-1.2”. Ch, chromocentre. IIIL-1, 

inversion one; IIIL-2, inversion two. 
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FIGURE 16: Polytene chromosome complement of Simulium (Nevermannia) 

praelargum “IIIL-1.2” with a large chromocentre. Ch, chromocentre; NO, nucleolar 

organizer; B, bulge (double bubble); RB, ring of Balbiani; T,triad, trapezoid; PB, 

Para Balbiani ring; gb, grey band; Ca, capsule; Bl, blister; IL, long arm of 

chromosome one; IIL, long arm of chromosome two; IIIL, long arm of chromosome 

three; IS, short arm of chromosome one; IIS, short arm of chromosome two; IIIS, 

short arm of chromosome three. IIIL-1, inversion one; IIIL-2, inversion two, of a 

two-step paracentric included inversion.  
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sections show prominent, thin bands, section 17 marks the beginning 

of nucleolar organizer (NO) region, representing the site of active 

RNA synthesis. The size of the NO is variable depending on the 

activity of the region. Section 18 marks the end of the chromosome 

IS. Sections 7- 16 bear heavy thick consecutive heterochromatic 

bands whereas sections 28-31 of IL show heavy bands.  

 

Chromosome II: Metacentric chromosome II was characterized by a 

short arm (IIS) sections 39 - 52 with 14.20% of TCL. The short arm 

of chromosome two was characterized by the presence of bulge (B or 

double bubble) in the section 42 followed by ring of Balbiani (RB) in 

section 43 and section 52 bears a trapezoidal (triad) region and marks 

the proximal end of the IIS (Fig. 12). The long arm of chromosome 

two begins with the section 53 and continues up to section 69 with 

17.00% of TCL. A very prominent Parabalbiani Ring (PB) was 

located in section 55. The distinctive gray band (gb) occurs in section 

59. A broad well defined region in section 69 marks the end of IIL 

(Fig. 13).  

 

Chromosome III: Sub-metacentric chromosome III bear sections 70-

100. The short arm of chromosome three (IIIS) begins with section 70 

and terminates in section 80 with 11.18% of TCL. Sections 81 to 100 

represent the long arm of chromosome three (IIIL) with 19.45% of 

TCL (Fig. 15). Two conspicuous landmarks occur in IIIS, the Capsule 

(Ca) at section 72 and the Blister (Bl) at section 77 (Fig. 14). Section 

81 marks the beginning of the IIIL and section 100 marks the end of 
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IIIL. The whole length of IIIL seems to be uniform in diameter 

throughout its length with series of bands and interbands (Fig. 15). 

 

The long arm of chromosome III (IIIL) of this species has a two step 

fixed included inversion (IIIL-1.2) in relation to Simulium 

Nevermannia praelargum- st. This species also has a large enhanced 

chromocenter (Fig. 16). The limits for IIIL-1 encompass sections 85–

94. The second included inversion (IIIL-2) re-inverts the sections 85–

92 thereby transposing sections 94 and 93, leaving them proximally 

closer to the chromocenter. Sex bands or chromosomes were not 

differentiated. 
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6.2 Simulium (Nevermannia) praelargum “IL” Thapa et al., 

2017 

 

The collection of Simulium (Nevermannia) praelargum “IL” were 

made from three different locations, Dali stream 1, Dali stream 2, 

and Gandhi Road. Both the streams of Dali had same latitude and 

longitude of 27.023253°N and 88.250685°E and Gandhi Road 

stream with latitude of 27.018187°N and longitude of 

88.2542447°E. The collections were made between 08/06/2014-

07/09/2014. Total of 117 specimens were collected of which 55 were 

males and 62 females. The population showed almost 1:1 male: 

female ratio (Table IV).  

 

The specimens were identified as Simulium (Nevermannia) 

praelargum “IL” of the identification key described by Datta, 1973.  

Despite all the characters of Simulium (Nevermannia) praelargum, 

such as gill histoblast, and post genal cleft, this species lacked 

anterodorsal projection in the pupa which is sharp deviation from the 

S. (N.) praelargum, and was different to look at in terms of larval 

colouration. 
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 FIGURE 17: Mitotic metaphase complement of Simulium (Nevermannia) 

praelargum “IL” showing chromosomes one (I), two (II) and three (III). C, 

centromere.  

    

 

FIGURE 18: Idiogram of Simulium (Nevermannia) praelargum “IL” showing major 

landmarks. NO, nucleolar organizer; B, bulge (double bubble); RB, ring of 

Balbiani; T, triad, trapezoid; PB, Para Balbiani ring; gb, grey band; Ca, capsule; 

Bl, blister; IL, long arm of chromosome one; IIL, long arm of chromosome two; 

IIIL, long arm of chromosome three; IS, short arm of chromosome one; IIS, short 

arm of chromosome two; IIIS, short arm of chromosome three. IL-1, inversion one; 

IL-2, inversion two, IL-3, inversion three; and IL-4, inversion four. 
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Table IV: Collection data for Simulium (Nevermannia) praelargum 

“IL” from Darjeeling area, West Bengal, India. 

 

  

6.2.1     Chromosomal analysis 

6.2.1. A.      Mitotic chromosomes 

The mitotic plates (Fig. 17) and exhibited three pairs of tightly 

paired distinct chromosomes.  The chromosomes seemed to be fully 

condensed. Centromeres were identified as clear, transparent, 

nonstaining zone between the chromosomal arms. The three pairs of 

Location 

 

Collection 

Date 

Latitude Longitude Number of 

males: females 

analyzed 

Dali (Stream 1) 08/06/2014 27.023253ºN 88.250685ºE 4:6 

" 29/06/2014 " " 6:8 

" 13/07/2014 " " 2:1 

" 20/07/2014 " " 10:8 

" 10/08/2014 " " 9:12 

" 24/08/2014 " " 6:2 

" 07/09/2014 " " 2:2 

Dali (Stream 2) 29/06/2014 27.023253ºN 88.250685ºE 4:7 

" 07/09/2014 " " 5:2 

" 08/06/2014 " " 4:9 

Gandhi Road 06/07/2014 27.018187ºN 88.254247ºE 3:5 

 

Total 

55 males:62 

females 

117 
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chromosome were readily identifiable as chromosome I, II, and III 

on its sharp variable lengths.  The differences between short and 

long arms were also distinct as shown in the karyotype and idiogram 

(Fig. 18, Fig. A- Karyotype and Fig. B- Idiogram of four species 

investigated). 

 

The total mean length of chromosome I was measured to be 3.04µ. 

The short and the long measured to be 1.35µ and 1.69µ respectively. 

The arm ratio was of 1.25 with the centromeric index 44.40, on the 

basis of which chromosome I was designated to be metacentric.  

Chromosome II was also readily distinguishable by its length which 

measured 2.54µ in length. The length of the short arm was 1.14µ and 

the length of long arm was 1.40µ respectively, with arm ratio of 1.22 

and centromeric index of 44.88. Chromosome II was designated as 

metacentric.  

Chromosome III was the shortest of the three measuring 2.30µ. The 

length of short arm was 0.77µ and of long arm was 1.53µ, with arm 

ratio of 1.98 and centromeric index of 33.47. Chromosome III was 

designated as sub-metacentric (Table VI).  

 

The whole mitotic complement in total was measured to be 7.88µ. 

The difference in total mean length of chromosome I and II was 

found to be 0.50µ (3.04-2.54). Difference between chromosome I 

and III was found to be 0.24µ (2.54-2.30). The mean length 

difference between chromosome II and III was 0.74µ (3.04-2.30). Of 
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the total mean length of chromosomes I, II, and III, 7.88µ, 38.57% 

was comprised of chromosome I, 32.23% and 29.18% comprised of 

chromosomes II and III respectively.  Total length of long arm of 

chromosomes I, II, and III, i.e. 1.69µ, 1.40µ, and 1.53µ was 4.62µ. 

Total length of short arm of chromosomes I, II, and III, i.e. 1.35µ, 

1.14µ, and 0.77µ was 3.26µ. The percentage of long arms to total 

was 58.62 % and of short was 41.37%. Total percentage occupied by 

IS was 16.49%; IIS, 14.46%; and IIIS, 9.77%. And total percentage 

occupied by IL was 21.44%; IIL, 17.76; and IIIL, 19.41% 

respectively. 
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Table VI:  Mitotic Chromosome measurement Simulium 

(Nevermannia) praelargum “IL”. 

 

6.2.1. B.     Polytene chromosomes 

The chromosomal complement of Simulium (Nevermannia) 

praelargum “IL” Thapa et al., 2017 consisted of three chromosomes 

with tightly paired homologues (Figs. 19–24). Chromosomes I and II 

Name of the 

species 

Chromo-

some 

Number 

Mean length 

(µ) 

SE (±) 

Short    Long 

arm        arm 

Total 

length 

(S+L) 

Arm 

ratio 

r=l/s 

Centromeri

c 

Index 

(i) 

Nature of 

chromosome 

 

 

 

 

Simulium 

(Nevermannia) 

praelargum 

“IL” 

 

I 

 

1.35       1.69 

±0.07  ± 0.05 

 

 

3.04 

 

1.25 

 

44.40 

 

Metacentric 

 

II 

 

1.14       1.40 

±0.06   ±0.06 

 

 

2.54 

 

1.22 

 

44.88 

 

Metacentric 

 

III 

 

0.77       1.53 

±0.03  ± 0.03 

 

 

2.30 

 

1.98 

 

33.47 

 

Sub-

metacentric 
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were metacentric and III was submetacentric, as confirmed by the 

mitotic complement (Fig. 17, Table VI). The centromere bands were 

sharply defined in all three chromosomes. The total complement 

lengths of chromosomes I, II, and III were 37.60%, 31.30%, and 

31.00 %, with ratios of 1.21:1.00:1.00 (Table V). The arm ratios for 

each of the three chromosomes were 1.06:1.00 (IL: IS), 1.21:1.00 

(IIL: IIS), and 1.84:1.00 (IIIL: IIIS). A chromocenter and sex 

chromosomes were absent.  

 

An idiogram (Fig. 18) of Simulium (Nevermannia) praelargum “IL” 

represents three chromosomes with salient cytological land marks of 

the polytene complement.  Each chromosome with short and long 

arms. IS is marked with nucleolar organizer (NO) at its base 

followed by a centromere represented by a thick transverse band. IIS 

bears bulge (B) shown as the dotted lines, followed by ring of 

Balbiani (RB). B and RB are closely associated.  At the end of IIS 

two transverse lines represent the trapezoid (T). IIL begin with 

centromere, thick transverse heterochromatic band. Following the 

centromere is the parabalbiani (PB) represented by thick diffused 

band. Next to PB lies DNA puff and gray band (gb) with two dark 

bands. In the IIIS there are capsule (Ca) represented by two 

transverse bands, followed by blister (Bl) marked as transverse band 

along with dotted swollen structure, followed by thick 

heterochromatic centromeric band at the sub-terminal region to mark 

the IIIL. 
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FIGURE 19: Photo composite map of the short arm of chromosome one (IS) of 

Simulium (Nevermannia) praelargum “IL”. C, centromere; NO, nucleolar organizer. 

 

 

FIGURE 20: Photo composite map of the long arm of chromosome one (IL) of 

Simulium (Nevermannia) praelargum “IL”. C, centromere, IL-1, inversion one; IL-2, 

inversion two; IL-3, inversions three; and IL-4. 
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Table V: Percentage total complement length (%TCL) of 

chromosome arms for 10 nuclei from each of 10 

larvae of Simulium (Nevermannia) praelargum “IL” 

from the Darjeeling area, India. 

 

 IS IL IIS IIL IIIS IIIL 

%TCL 18.20 19.40 14.10 17.20 10.90 20.10 

SE ±0.17 ±0.19 ±0.13 ±0.30 ±0.19 ±0.20 

Sections per arm 18 20 14 17 11 20 

Note: IS, short arm of chromosome one; IL, long arm of chromosome 

one; IIS, short arm of chromosome two; IIL, long arm of chromosome 

two; IIIS, short arm of chromosome three; IIIL, long arm of 

chromosome three. 

TL, total complement length  

SE, standard error of the mean 

 

Chromosome I: Chromosome I was metacentric and distinguished 

by its greater length and sub equal arm lengths. Chromosome IS 

begins with section 1 and terminates in section 18 with 18.20% of 

TCL and includes the characteristic nucleolar organizer (NO) at the 

base of IS in section 18 (Fig. 19). Chromosome IL (Fig. 20) begins 

with section 19 with a centromere (C) represented by a thick, large 

transverse heterochromatic band. IL ends in section 38 with 19.40% 

of TCL. Four fixed inversions, IL-1, IL-2, IL-3, and IL-4, relative to 

S. praelargum-st. and S. praelargum “IIIL-1.2” occurred in sections 

19–21, 28–30, 31–33, and 35–37 in IL. The inversions IL-3 and IL-4  
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FIGURE 21: Photo composite map of the short arm of chromosome two (IIS) of 

Simulium (Nevermannia) praelargum “IL”. B, bulge; C, centromere; RB, ring of 

Balbiani; T, trapezoidal (triad). 

 

 

FIGURE 22: Photo composite map of the long arm of chromosome two (IIL) of 

Simulium (Nevermannia) praelargum “IL”. C, centromere; PB, parabalbiani; gb, 

grey band. 
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FIGURE 23: Photo composite map of the short arm of chromosome three (IIIS) of 

Simulium (Nevermannia) praelargum “IL”. Bl, blister; Ca, capsule; C, centromere.  

 

  

FIGURE 24: Photo composite map of the long arm of chromosome three (IIIL) of 

Simulium (Nevermannia) praelargum “IL”. C, centromere. 
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were tandem inversions with near coincident breakpoints at sections 

30/31 (Fig. 20). 

 

Chromosome II: Chromosome II was also metacentric. 

Chromosome IIS begins with section 39 and terminates in section 52 

with 14.10% of TCL. IIS was characterized by the bulge (B) in 

section 42, followed by the ring of Balbiani (RB) in section 43 and 

section 52 with its trapezoidal marker (T) indicated the proximal end 

of IIS (Fig. 21). Chromosome IIL begins with section 53 and 

terminates in section 69 with 17.20% of TCL. The parabalbiani (PB) 

was located in section 55; the DNA puff in section 58 followed by 

gray band (gb) in section 59 and the centromere (C) in section 53. A 

broad, well-defined region in section 69 marked the end of IIL (Fig. 

22). 

 

Chromosome III: Chromosome IIIS was sub-metacentric and 

begins with section 70 and terminates in section 80 with 10.90% of 

TCL. IIIS was characterized by the capsule marker (Ca) in section 

72 and the blister (Bl) in section 77 (Fig. 23). Chromosome IIIL 

begins with section 81 and terminates in section 100 with 20.10% of 

TCL. Section 81 has a prominent centromere (C) and section 100 

marked the end of IIIL (Fig. 24). The whole length of the 

chromosome is rather slender with uniform diameter without much 

swollen area.  
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6.3     Simulium (Montisimulium) dattai Takaoka and Samboon, 

2008 

 

Simulium (Montisimulium) dattai population was collected from  

Dali stream 1 and Dali stream 2, Darjeeling, West Bengal, India,  

with latitude of 27.023253°N and longitude of 88.250685°E and 

Gandhi Road with latitude of  27.018187°N  and longitude of  

88.254247°E. The collections were made between 06/06/2015-

24/06/2016 (Table VII). The population of this species was available 

only during the month of June in both the consecutive years. The 

total population of this species was scanty. Total of 48 workable 

specimens could be collected of which 22 were males and 26 were 

females identified on the basis of their nature of rudimentary gonads. 

The sex ratio of the 48 specimens showed to be 1:1 approximately. 

The specimens were identified as Simulium (Montisimulium) dattai 

on the basis of identification key provided by Takaoka and 

Samboon, 2008 from Bhutan, which was previously described by 

Datta et al, 1975 as Simulium (Eusimulium) sp. B. The gill histoblast 

of this species has 14 gill filaments. 
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FIGURE 25: Mitotic metaphase complement of Simulium (Montisimulium) dattai 

showing chromosomes one (I), two (II) and three (III). C, centromere.  

 

  

FIGURE 26: Idiogram of polytene chromosomes of Simulium (Montisimulium) 

dattai showing major landarks. Ch, chromocentre, NO, nucleolar organizer; B, 

bulge; RB, ring of Balbiani; PB, parabalbiani; Bl, blister; IL, long arm of 

chromosome one; IIL, long arm of chromosome two; IIIL, long arm of chromosome 

three; IS, short arm of chromosome one; IIS, short arm of chromosome two; IIIS, 

short arm of chromosome three. 
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Table VII: Collection data for Simulium (Montisimulium) dattai 

from Darjeeling area, West Bengal, India. 

 

 

 

6.3.1     Chromosomal analysis 

6.3.1. A.     Mitotic chromosomes 

The preparation exhibited three tightly paired well spread mitotic 

chromosomes (Fig. 25). The chromosomes seemed to be very 

distinct and larger in size. The three pairs of chromosome were 

Location 

 

Collection 

Date 

Latitude Longitude Number of 

males: females 

analyzed 

Dali (Stream 1) 06/06/2015 27.023253ºN 88.250685ºE 2:3 

" 13/06/2015 " " 1:1 

" 27/06/2015 " " 3:2 

" 11/06/2016 " " 2:3 

" 18/06/2016 " " 2:2 

" 24/06/2016 " " 1:3 

Dali (Stream 2) 06/06/2015 " " 2:2 

" 13/06/2015 " " 0:2 

" 27/06/2015 " " 1:1 

" 04/06/2016 " " 3:1 

" 11/06/2016 " " 2:2 

" 18/06/2016 " " 1:2 

Gandhi Road 24/06/2016   2:2 

 

Total  

22 males:26 

females 

48 
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readily identifiable as chromosome I, II, and III on its sharp variable 

lengths as shown in the karyotype and idiogram (Fig. 26, Fig. A- 

Karyotype and Fig. B- Idiogram of four species investigated). 

 

Chromosomes I, II, and III were readily distinguishable due to their 

variable sizes. The whole mitotic complement in total was measured 

to be 12.41µ. The difference in total mean length of chromosome I 

and II was found to be 0.65µ (4.64-3.99). Difference between 

chromosome I and III was found to be 0.86µ (4.64-3.78). The mean 

length difference between chromosome II and III was 0.21µ (3.99-

3.78). The arm ratio of chromosome I was 1.30, chromosome II, 

1.59, and for chromosome III, 2. The chromosomes were designated 

as metacentric and submetacentric on the basis of centromeric index, 

43.31 for chromosome I; 38.59 for chromosome II and 33.33 for 

chromosome III. Chromosome I and II were metacentric and III 

submetacentric.  Of the total mean length of chromosomes I, II, and 

III, 12.41µ, 37.38% was comprised of chromosome I, 32.15% and 

30.45% comprised of chromosomes II and III respectively.  Total 

length of long arm of chromosomes I, II, and III, i.e. 2.63µ, 2.45µ, 

and 2.52µ was 7.60µ. Total length of short arm of chromosomes I, 

II, and III, i.e. 2.01µ, 1.54µ, and 1.26µ was 4.81µ. The percentage of 

long arms to total was 61.24 % and of short was 38.75%. Total 

percentage occupied by IS was 16.19%; IIS, 12.40%; and IIIS, 

10.15%. And total percentage occupied by IL was 21.19%; IIL, 

20.46; and IIIL, 20.30% respectively (Table IX). Clear non staining 
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zone between the long and the short arms of the chromosome 

represented the centromere.   

 

Table IX: Mitotic Chromosome measurement Simulium 

(Montisimulium) dattai. 

 

 

6.3.1. B.     Polytene chromosomes 

The chromosomal complement of Simulium (Montisimulium) dattai 

Takaoka & Somboon, 2008 consisted of three tightly synapsed 

chromosomes (n=3) with a prominent chromocenter (Figs. 27-32, 

Name of the 

species 

Chromo-

some 

Number 

Mean length 

(µ) 

SE (±) 

Short     Long 

arm        arm 

Total 

length 

(S+L) 

Arm 

ratio 

r=l/s 

Centromeric 

Index 

(i) 

Nature of 

chromosome 

 

 

 

 

 

 

Simulium 

(Montisimulium) 

dattai 

 

I 

 

2.01      2.63 

 

±0.14  ± 0.09 

 

 

4.64 

 

1.30 

 

43.31 

 

Metacentric 

 

II 

  

1.54       2.45 

±0.09   ±0.09 

 

 

3.99 

 

1.59 

 

38.59 

 

Metacentric 

 

III 

  

1.26       2.52 

±0.06   ± 0.09 

 

 

3.78 

 

2 

 

33.33 

 

Sub-

metacentric 
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Fig. 33). Chromosomes I and II were metacentric and III was 

submetacentric, as confirmed by the mitotic complement (Fig. 25 

Table IX). The first chromosome is 39.64%, the second 30.20%, and 

the third 29.98% of TCL with ratios of 1.32:1.00:1.00 (Table VIII). 

The arm ratios for each of the three chromosomes were 1.09:1.00 

(IL: IS), 1.43:1.00 (IIL: IIS), and 2.22:1.00 (IIIL: IIIS). Sex 

chromosomes were absent.  

 

An idiogram (Fig. 26) represents the salient major cytological 

landmarks of the polytene complement. At the base of IS near the 

chromocenter, an enlarged and diffused nucleolar organizer (NO) 

was present. IL was without any major landmarks. In IIS, near the 

terminal ring of Balbiani (RB) is shown as a round structure below 

which is the elliptical dotted structure representing blister (Bl).  At 

the terminal end of IIL lies the parabalbiani (PB) represented as 

fuzzy, transparent dark band. Near to the base of IIIS is blister (Bl) 

shown with a band and the dotted rounded body near to the 

chromocenter. As in case if IL, IIIL does not bear any characteristic 

major landmarks.  
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FIGURE 27: Photo composite map of the short arm of chromosome one (IS) of 

Simulium (Montisimulium) dattai. Ch, chromocentre; NO, nucleolar organizer. 

 

  

FIGURE 28: Photo composite map of the long arm of chromosome one (IL) of 

Simulium (Montisimulium) dattai. Ch, chromocentre. 
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Table VIII: Percentage total complement length (%TCL) of 

chromosome arms for 10 nuclei from each of 10 

larvae of Simulium (Montisimulium) dattai from 

the Darjeeling area, India. 

 IS IL IIS IIL IIIS IIIL 

%TCL 18.95 20.69 12.40 17.80 9.30 20.68 

SE ±0.05 ±0.11 ±0.11 ±0.14 ±0.12 ±0.12 

Sections per arm 19 21 12 18 9 21 

Note: IS, short arm of chromosome one; IL, long arm of chromosome 

one; IIS, short arm of chromosome two; IIL, long arm of chromosome 

two; IIIS, short arm of chromosome three; IIIL, long arm of 

chromosome three. 

TCL, total complement length  

SE, standard error of the mean. 

 

Chromosome I: Chromosome I was distinguished by its greater 

length and sub equal arm lengths. It was divided into a short arm and 

long arm designated as IS bearing sections 1 – 19 (Fig. 27) with 

18.95% of TCL and IL bearing sections 20 – 40 (Fig. 28) with 

20.69% of TCL. The characteristic nucleolar organizer (NO) was 

located near the base of IS in section 18 and chromocenter (Ch) was 

located in section 20 of IL.  The swollen regions in the sections 3, 7, 

9, 11, 14, 15 of IS and sections 30 of IL may be due to the 

physiological conditions and the activity of the gene at that point of 

time. The swollen regions at different sections were variable in  
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FIGURE 29: Photo composite map of the short arm of chromosome two (IIS) of 

Simulium (Montisimulium) dattai. Ch, chromocentre; RB, ring of Balbiani; B, bulge. 

 

 

FIGURE 30: Photo composite map of the long arm of chromosome two (IIL) of 

Simulium (Montisimulium) dattai. Ch, hromocentre; PB, Parabalbiani. 
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FIGURE 31: Photo composite map of the short arm of chromosome three (IIIS) of 

Simulium (Montisimulium) dattai. Ch, chromocentre; Bl, blister. 

 

 

FIGURE 32: Photo composite map of the long arm of chromosome three (IIIL) of 

Simulium (Montisimulium) dattai. Ch, chromocentre. 
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FIGURE 33: Polytene chromosome complement of Simulium (Montisimulium) dattai 

with a large chromocentre. Ch, chromocentre; NO, nucleolar organizer; B, bulge 

(double bubble); RB, ring of Balbiani; PB, Para Balbiani ring; Bl, blister; IL, long 

arm of chromosome one; IIL, long arm of chromosome two; IIIL, long arm of 

chromosome three; IS, short arm of chromosome one; IIS, short arm of 

chromosome two; IIIS, short arm of chromosome three. 
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different nuclei of the individuals. The whole length of chromosome 

I was interspaced with series of dark and light bands. 

 

Chromosome II: Chromosome II was characterized by a short arm 

(IIS) bearing sections 41 - 52 with 12.40% of TCL. The short arm of 

chromosome II was characterized by the presence of ring of Balbiani 

(RB) in the section 45 followed by bulge (B) in section 46. Section 

52 marks the proximal end of the IIS (Fig. 29).  The long arm of 

chromosome II begins with the section 53 and continues up to 

section 70 with 17.80% of TCL. A very prominent parabalbiani ring 

(PB) was located in section 68 and the chromocenter (Ch) in section 

53 (Fig. 30). A broad, well defined region in section 70 marked the 

end of IIL. The whole length of chromosome II was interspaced with 

series of dark and light bands.  

 

Chromosome III: The short arm of chromosome three (IIIS) begins 

with section 71 and terminates in section 79 with 9.30% of TCL.  

Sections 80 to 100 represents the long arm of chromosome three 

(IIIL) with 20.68% of TCL.  Chromosome IIIS was characterized by 

the blister (Bl) in section 76 and section 79 marked the end of IIIS 

(Fig. 31). Section 80 with chromocenter (Ch, Fig. 33) marked the 

beginning of the IIIL and section 100 marks the end of IIIL (Fig. 

32). The whole length of chromosome III was interspaced with 

series of dark and light bands. The whole length of chromosome IIIL 

appeared to have a uniform diameter with not much of swollen 

regions. 



89 
 

6.4    Simulium (Gomphostilbia) williei Takaoka et al., 2010 

 

The collections of Simulium (Gomphostilbia) williei were made 

during the months of 07/06/2014 to 06/08/2016. The specimens were 

collected from four different streams of Darjeeling, West Bengal, 

India: stream 1 Dali, stream 2 Dali, Bokshi Jhora  with latitude and 

of 27.023253°N and longitude of 88.250685°E, and Gandhi Road 

with latitude  27.018187°N and longitude of 88.254247°E. 77 

workable larval specimens were collected of which 31 was collected 

form Dali stream of which 18 were males and 13 were females. 15 

male specimens and 22 females were collected from Dali stream 2. 

Four specimens were collected from Bokshi Jhora out of which two 

were males and two were females. Five specimens of which three 

male and two females were collected form Gandhi Road. Of the total 

77 specimens collected from the four streams, 38 were males and 39 

were females with 1:1 sex ratio. The collected specimens were 

identified as Simulium (Gomphostilbia) williei with reference to the 

identification key described by Takaoka et al., 2010. The gill 

histoblasts was in the form of one inflated horn like structure and 

had eight filaments. 
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Table X:  Collection data for Simulium (Montisimulium) williei   

from Darjeeling area, West Bengal, India. 

  

 

 

 

Location 

 

Collection 

Date 

Latitude Longitude Number of 

males: females 

analyzed 

Dali (Stream 1) 07/06/2014 27.023253ºN 88.250685ºE 3:1 

" 28/06/2014 " " 4:1 

" 13/06/2015 " " 2:2 

" 04/07/2015 " " 2:4 

" 09/07/2016 " " 4:3 

" 06/08/2016 " " 3:2 

Dali (Stream 2) 07/06/2014 " " 2:2 

" 28/06/2014 " " 3:5 

" 13/06/2015 " " 1:3 

" 04/07/2015 " " 3:4 

" 09/07/2016 " " 2:5 

" 06/08/2016 " " 4:3 

Bokshi Jhora 30/07/2016 27.019132ºN 88.253863ºE 2:2 

Gandhi Road 23/07/2016 27.018187ºN 88.254247ºE 3:2 

     

 

Total 

38 males:39 

females 

77 
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FIGURE 34: Mitotic metaphase complement of Simulium (Gomphostilbia) williei 

showing chromosomes one (I), two (II) and three (III). C, centromere. 

 

 

FIGURE 35: Idiogram of Simulium (Gomphostilbia) williei showing major 

landmarks.  C, Centormere; NO, nucleolar organizer; B, bulge (double bubble); RB, 

ring of Balbiani; T, triad, trapezoid; PB, Para Balbiani ring; Ca, capsule; B, blister; 

IL, long arm of chromosome one; IIL, long arm of chromosome two; IIIL, long arm 

of chromosome three; IS, short arm of chromosome one; IIS, short arm of 

chromosome two; IIIS, short arm of chromosome three. IIIL-1, inversion one; IIIL-

2, inversion two, of a two-step paracentric included inversion.  
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6.4.1     Chromosomal analysis 

6.4.1. A.     Mitotic chromosomes  

The mitotic plates (Fig. 34) exhibited three pairs of tightly paired 

distinct chromosomes.  The chromosomes seemed to be fully 

condensed. Centromeres were identified as clear, transparent, non 

staining zone between the chromosomal arms. The three pairs of 

chromosome were readily identifiable as chromosome I, II, and III 

on its sharp variable lengths.  The differences between short and 

long arms were also distinct as shown in the karyotype and idiogram 

(Fig. 35, fig. A- Karyotype and Fig. B- Idiogram of four species 

investigated). 

 

The total mean length of chromosome I was measured to be 4.83µ. 

The short and the long measured to be 2.14µ and 2.69µ respectively. 

The arm ratio was of 1.25 with the centromeric index 44.30, on the 

basis of which chromosome I was designated to be metacentric.  

 

Chromosome II was also readily distinguishable by its length which 

measured 3.53µ in length. The length of the short arm was 1. 42µ 

and the length of long arm was 2.11µ respectively, with arm ratio of 

1.48 and centromeric index of 40.22. Chromosome II was designated 

as metacentric.  

 

Chromosome III was the shortest of the three measuring 3.16µ. The 

length of short arm was 1.05µ and of long arm was 2.11µ, with arm 
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ratio of 2 and centromeric index of 33.22. Chromosome III was 

designated as sub-metacentric (Table VI).  

 

The whole mitotic complement in total was measured to be 11.52µ. 

The difference in total mean length of chromosome I and II was 

found to be 1.13µ (4.83-3.53). Difference between chromosome I 

and III was found to be 1.67µ (4.83-3.16). The mean length 

difference between chromosome II and III was 0.374µ (3.53-3.16). 

Of the total mean length of chromosomes I, II, and III, 11.52µ, 

41.92% was comprised of chromosome I, 30.64% and 27.43% 

comprised of chromosomes II and III respectively.  Total length of 

short arm of chromosomes I, II, and III, i.e. 2.14µ, 1.42µ, and 1.05µ 

was 4.61µ. Total length of long arm of chromosomes I, II, and III, 

i.e. 2.69µ, 2.11µ, and 2.11µ was 6.91µ. The percentage of short arms 

to total was 40.01% and of long was 59.98%. Total percentage 

occupied by IS was 18.57%; IIS, 12.32%; and IIIS, 9.11%. And total 

percentage occupied by IL was 23.35%; IIL, 18.31%; and IIIL, 

18.31% respectively. 
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Table XII: Mitotic Chromosome measurement Simulium 

(Gomphostilbia) williei. 

 

 

6.4.1. B.     Polytene Chromosomes 

The chromosomal complement of Simulium (Gomphostilbia) williei 

Takaoka et al., 2010 consisted of three tightly paired homologous 

chromosomes (Figs. 36-41). Chromosomes I and II were metacentric 

and III was submetacentric, as confirmed by the mitotic complement 

(Fig. 34, Table XII).  A sharply defined centromere bands were 

Name of the 

species 

Chromo-

some 

Number 

Mean length 

(µ) 

SE (±) 

Short     Long 

arm        arm 

Total 

length 

(S+L) 

Arm 

ratio 

r=l/s 

Centromeric 

Index 

(i) 

Nature of 

chromosome 

 

 

 

 

Simulium 

(Gomphostilbia) 

williei 

 

 

I 

 

2.14      2.69 

±0.10  ± 0.09 

 

 

4.83 

 

1.25 

 

44.30 

 

Metacentric 

 

II 

 

1.42       2.11 

±0.09   ±0.07  

 

 

3.53 

 

1.48 

 

40.22 

 

Metacentric 

 

III 

 

1.05        2.11 

±0.05   ± 0.07 

 

 

3.16 

 

2 

 

33.22 

 

Sub-

metacentric 
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present in all three chromosomes. The first chromosome is 40.59%, 

the second 30.26%, and the third 29.12% of TCL with ratios of 

1.39:1.00:1.00 (Table XI). The arm ratios for each of the three 

chromosomes were 1.15:1.00 (IL: IS), 1.34:1.00 (IIL: IIS), and 

1.64:1.00 (IIIL: IIIS).Sex chromosomes were absent. The gill 

histoblast of this species was in the form of one inflated horn like 

structure and had eight filaments. 

 

The idiogram (Fig. 35) represents three chromosomes with relative 

lengths of the arms and chromosome as whole. IS is characterized 

with nucleolar organizer (NO) at the base near the centromere which 

is represented as thick dark band. IL does not bear distinctive 

landmarks. IIS bear bulge (B) somewhere at the centre represent by 

dotted lines followed by a round blotted structure, the ring of 

Balbiani (RB), below which lies two transverse thin bands 

representing trapezoid (T), next to which lies a centromere marked 

with a thick transverse band. IIL bears parabalbiani (PB) represented 

as fuzzy, broad, black band located somewhere in the middle of IIL. 

IIIS bear capsule (Ca) shown as two thin transverse parallel lines 

followed by blister (Bl) shown as thin band and dotted structure to 

be followed by centromere shown as thick broad band. IIIL does not 

have any specific characteristic landmark as in case of IL.  
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FIGURE 36: Photo composite map of the short arm of chromosome one (IS) of 

Simulium (Gomphostilbia) williei. C, centromere; NO, nucleolar organizer. 

 

 

FIGURE 37: Photo composite map of the long arm of chromosome one (IL) of 

Simulium (Gomphostilbia) williei. C, centromere. 
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Table XI: Percentage total complement length (%TCL) of 

chromosome arms for 10 nuclei from each of 10 

larvae of Simulium (Gomphostilbia) williei from the 

Darjeeling area, India. 

 

 IS IL IIS IIL IIIS IIIL 

%TCL 18.83 21.76 12.89 17.37 11.02 18.10 

SE ±0.22 ±0.34 ±0.11 ±0.55 ±0.09 ±0.30 

Sections per arm 19 22 13 17 11 18 

Note: IS, short arm of chromosome one; IL, long arm of 

chromosome one; IIS, short arm of chromosome two; IIL, long arm 

of chromosome two; IIIS, short arm of chromosome three; IIIL, long 

arm of chromosome three. 

TCL, total complement length  

SE, standard error of the mean 

 

Chromosome I: Chromosome I was distinguished from the other 

two by its greater length and sub equal arm lengths. Chromosome I 

was characterized by a short arm (IS) bearing sections 1 - 19 with 

18.83% of TCL and a long arm (IL) bearing sections 20-41 with 

21.76% of TCL. The characteristic nucleolar organizer (NO) was in 

section 19 which also marked the end of IS (Fig. 36). Chromosome 

IL begins with centromere (C) in section 20 and ends in section 41 

(Fig. 37). The whole length of chromosome I is marked with thick 

and thin bands with some swollen and narrow regions. The whole 

length of chromosome I was interspaced with series of dark and light 

bands. 
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FIGURE 38: Photo composite map of the short arm of chromosome two (IIS) of 

Simulium (Gomphostilbia) williei. C, centromere; B, bulge; RB, ring of Balbiani; T, 

Triad, Trapezoid. 

 

 

FIGURE 39: Photo composite map of the long arm of chromosome two (IIL) of 

Simulium (Gomphostilbia) williei. C,centromere; jg, jagged; PB, parabalbiani. 
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FIGURE 40: Photo composite map of the short arm of chromosome three (IIIS) of 

Simulium (Gomphostilbia) williei. C, centromere; Bl, blister; Ca, capsule. 

 

 

FIGURE 41: Photo composite map of the long arm of chromosome three (IIIL) of 

Simulium (Gomphostilbia) williei. C, centromere. 
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Chromosome II: Chromosome II was characterized by a short arm 

(IIS) bearing sections 42 - 54 with 12.89% of TCL and a long arm 

(IIL) bearing sections 55-71 with 17.37% of TCL. IIS was 

characterized by a bulge (B) in section 47, followed by the ring of 

Balbiani (RB) in section 48. Trapezoidal marker (T) was near the 

base of IIS in section 53 and section 54 marked the end of IIS (Fig. 

38). Centromere (C) in section 55 marked the beginning of IIL. 

Chromosome IIL was characterized by jagged (jg) in section 62 

followed by parabalbiani ring (PB) in section 63 and section 71 

marked the end of IIL (Fig. 39). The whole length of chromosome II 

was interspaced with series of dark and light bands. 

 

Chromosome III: Chromosome III was characterized by a short 

arm (IIIS) bearing sections 72 - 82 with 11.02% of TCL and a long 

arm (IIIL) bearing sections 83-100 with 18.10% of TCL. 

Chromosome IIIS was characterized by the presence of a blister (Bl) 

in section 74 and the capsule marker (Ca) in section 79 (Fig. 40). 

Chromosome IIIL begins with centromere (C) in section 83 and 

section 100 marked the end of IIIL (Fig. 41). The whole length of 

chromosome III was interspaced with series of dark and light bands. 
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        CHAPTER 7 
_______________________________________________________  

 

Discussion 

 

Analysis of mitotic chromosomes revealed the exact nature of 

chromosomes of an individual. Mitotic metaphase as universally 

considered to be the most appropriate stage for studying the nature 

of chromosome, especially in relation to the position of the 

centromere and the size of the chromosome.  All the four species 

investigated revealed that the size of the chromosomes were variable 

in each of the species. Of the four species investigated, the length of 

the mitotic chromosome complement of Simulium (M.) dattai 

measured 12.41µ and was the longest in comparison to other three 

species. The total chromosomal length of Simulium (G.) williei 

measured 11.52µ; Simulium (N.) praelargum “IIIL-1.2”, 7.98µ, and 

7.88µ in Simulium (N.) praelargum ‘IL”.  The close range of 

measurements of Simulium (N.) praelargum “IIIL-1.2” and Simulium 

(N.) praelargum “IL” also justified these two species belonging to 

the same group and species with variation only in inversions. 

Whereas the wide range in difference between Simulium (M.) dattai 

and Simulium (G.) williei, 12.41µ and 11.52µ justified their 

systematic status belonging to two separate genera, i.e., 

Montisimulium and Gomphostilbia. The closeness of the metrical 

data of each mitotic chromosome is also suggestive of the affinity 
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between the species. This fact of closeness of metrical data has been 

corroborated by the mitotic metrical data of Simulium (M.) 

ghoomense (Dey and Fumafartosok 1984b), where the 

measurements of the mitotic chromosome I and II showed much 

similarity but differing in mitotic chromosome III. Approximately 

66% of similarity justifies the inclusion both the species under the 

same subgenus Montisimulium is justifiable. The difference of 33% 

amounts to their being two separate species.  

 

Thorough investigation of the Simuliid population has been 

attempted through the larval mitotic and polytene chromosomes. The 

study was made covering  the range between 26.935997°N to 

27.051023°N of latitude and between 88.248367°E to 88.250685°E 

of longitude. The collections were made during the period 

09/11/2008 to 27/07/2016. Total of 342 larval specimens were 

collected from selective spots having similar ecological conditions 

and type of the water body. Happy Valley, Dali, Bokshi Jhora, 

Gandhi Road, and Sonada were of the same type. In Dali two 

streams were designated as Stream 1 and Stream 2. Of the total 

specimens of 342 collected, 168 were males representing 49.12% 

and 174 comprising of 50.87%. The sex ratio in general appeared to 

be approximately 1:1.03. Total population of four species comprised 

the working material for understanding the diversity within a 

population, namely, Simulium (Nevermannia) praelargum “IIIL-

1.2”, Simulium (Nevermannia) praelargum “IL”, Simulium 

(Montisimulium) dattai and Simulium (Gomphostilbia) williei.  
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FIGURE 42: A pie chart representing the composition of the Simulium larval    

populations. 

 

 

 

FIGURE 43: A graphical representation of male: female ratio of individual species. 
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Out of 342 total specimens, 100 were identified to be Simulium 

(Nevermannia) praelargum “IIIL-1.2”, which made 29.23% of the 

total. 117 were Simulium (Nevermannia) praelargum “IL”, which 

comprised 34.21% of the total. 48 were Simulium (Montisimulium) 

dattai, which comprised 14.03% of the total, and 77 were Simulium 

(Gomphostilbia) williei, comprising 22.51% of the total. 

Identification of Simulium (Nevermannia) praelargum “IIIL-1.2” 

and Simulium (Nevermannia) praelargum “IL” was possible as 

cytoforms after the polytene chromosome analysis, which otherwise 

morphologically larvae were identical to Simulium (Nevermannia) 

praelargum-st. A pie chart (Fig. 42) has been constructed to 

represent the composition of the Simulium larval populations 

collected from Happy Valley, Dali, Bokshi Jhora, Gandhi Road, and 

Sonada.  A graphical representation (Fig. 43) of male: female ratio 

of individual species has been constructed. Praelargum seemed to be 

rich population. Overall and individual sex ratio between males and 

females seemed to be in approximately 1:1 ratio.  

 

Well spread mitotic metaphase plates were selected and the metrical 

data of the chromosomes were derived for all the four species of 

black flies.   

 

I.     Mitotic Chromosomes  

The mitotic plates of all the four species investigated exhibited 

2n=6. Chromosome I and II of all the four species investigated were 

metacentric and chromosome III was sub-metacentric. Total length 
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of the mitotic chromosomes in Simulium (Nevermannia) praelargum 

“IIIL-1.2” was 7.98µ while in Simulium (Nevermannia) praelargum 

“IL” was 7.88µ. The overall metrical data of the mitotic 

chromosomes of Simulium (Nevermannia) praelargum “IIIL-1.2” 

and Simulium (Nevermannia) praelargum “IL” were significantly 

similar.  The total length of the mitotic chromosomes of Simulium 

(Montisimulium) dattai was found to be 12.41µ and 11.52µ in 

Simulium (Gomphostilbia) williei. Mean total length of the short 

arms of chromosome I, II, and III of Simulium (Nevermannia) 

praelargum “IIIL-1.2” was 3.31µ; Mean total length of the long 

arms of mitotic chromosome I, II, and III of Simulium 

(Nevermannia) praelargum “IIIL-1.2” was 4.67µ. Total length of 

short arms of mitotic chromosomes I, II, and III in Simulium 

(Nevermannia) praelargum “IL” was 3.26µ and that of the long was 

4.62µ. In Simulium (Montisimulium) dattai the total length of short 

arm of all the mitotic chromosomes was 4.81µ and of long arms was 

7.60µ. The length of the short arms of three mitotic chromosomes of 

Simulium (Gomphostilbia) williei was 4.61µ and that of long arms 

was 6.91µ. The metrical analysis of individual chromosomes of 

Simulium praelargum “IIIL-1.2” and Simulium praelargum “IL” 

showed significant similarities between these two species. These two 

species were metrically also different from Simulium dattai and 

Simulium williei. The difference in metrical chromosomal data of 

Simulium dattai and Simulium williei was significant hinting the 

distant species group.  
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The mitotic chromosomes were prepared form rudimentary testes in 

case of males and ovaries in case of females in addition to neural 

ganglia. The frequency of divisional plates in case of Neuroblast 

ganglia (neural ganglia) were very less in comparison to rudimentary 

gonads, which provided good mitotic plates from where the study 

has been made. Rudimentary ovaries provided more comport in 

working in comparison to rudimentary testes due to its size.  

 

II.     Polytene Chromosomes 

The polytene chromosomes from the salivary glands of the larvae 

were studied from the temporary slide preparations. The polytene 

chromosomes also exhibited n=3 as in case of all other Simuliid 

species of the world so far studied with an exception of Cnephia  of 

having n=2.  Polytene chromosomes were numbered as 

Chromosome I, II, and III on the basis of its relative length. Each 

chromosome was divided into short arm (S) and long arm (L) 

separated by the presence of a prominent heterochromatic 

centromere or centromeric band. In some cases the centromeres of 

all the three chromosomes were fused to form a large 

heterochromatic chromocenter, eg. Simulium praelargum “IIIL-1.2 

(Thapa et al., 2014) and Simulium dattai (unpublished Thapa et al.). 

However in some cases partial fusion of only two of the three 

centromeres have been recorded giving rise to pseudo-chromocenter 

or partial putative chromocenter, e.g., Simulium ghoomense (Henry 

et al., 2011), where centromeres of chromosome II and III are 

involved. Each chromosome having short and long arm are assigned 
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the number of sections in accordance with the percentage derived 

from calculated total complementary length (TCL).  

 

All the three polytene chromosomes had its distinguishing 

characteristic cytological landmarks, such as nucleolar organizer 

(NO), bulge (=double bubble) (B), ring of Balbiani (RB), 

parabalbiani (PB), trapezoid (T), capsule (Ca), and blister (Bl). The 

pattern of the telomeric ends was also of distinctive nature.  

 

Chromosome I 

The short of the chromosome I (IS) of all the species investigated 

exhibited a prominent nucleolar organizer (NO). 

 

Nucleolar organizer 

Chromosome of all the four species investigated had nucleolar 

organizer (NO) at the base of short arm near either centromere as in 

case Simulium (N.) praelargum ‘IL” or Simulium (G.) williei or 

chromocenter as in case of case Simulium (N.) praelargum ‘IIIL-1.2” 

and Simulium (M.) dattai. The nucleolar organizer (NO) appears as a 

non-staining region either interstitially or terminally located in 

different species. It is a site of heavy ribosomal RNA synthesis. In 

case of the members of Simulium pictipes group the nucleolus was 

terminal (Bedo 1975a). The NO region appears like a diffused body 

where the chromonemata on either side of the organizer appear to 

extend like a complex branching system with roots into the actual 

nucleolus. In the vicinity of NO region the bands appear to have 
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been disrupted. Nucleolar organizer (NO) is a diagnostic feature of 

the Simuliid chromosomes which is of utmost importance for the 

study of inter and intra specific relationships. NO may be difficult to 

identify unless counter stained with some other stains like light 

green. Nucleolar organizer (NO)  in all the species studied here and 

other species described from Darjeeling Himalayan region such as 

Simulium (Simulium) sintamense (Dey et al., 1993), Simulium 

(Simulium) himalayense, Simulium (Simulium) dentatum (Henry et 

al., 2009), Simulium (Nevermannia) praelargum-st (Henry et al., 

2010), Simulium (Montisimulium) ghoomense (Henry et al., 2011), 

the NO was readily identifiable without the need of counter staining. 

The NO in Simulium (N.) praelargum ‘IIIL-1.2” and Simulium (N.) 

praelargum ‘IL” was located in the section17 of chromosome IS. In 

Simulium (M.) dattai and Simulium (G.) williei the NO was located 

in section 18 of chromosome IS. Interstitial Nucleolar organizer 

(NO) had been reported in S. venustum and verecundum complex 

(Rothfels et al., 1978), Cnephia (Procunier 1982b), species of 

Prosimulium (Rothfels and Freeman 1977) and Simulium (Bedo 

1977; Gordon 1984). In addition to primary NO, a secondary NO 

was reported among the members of S. ornatipes (Bedo 1977) and 

Simulium anatinum (Rothfels and Golini 1983). However in the 

species under present investigation and others described earlier did 

not show the presence secondary NO. The NO in other Dipteran 

species is found to be located in the pairing segment of sex 

chromosome in different species of Drosophila. Whereas in 

Chironomus more than one NO was observed (White 1973). NO is 
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present in all the tissues in all stages of development and its location 

in the karyotype is the same be it polytene or mitotic nucleoli. Thw 

NO therefore, is an important landmark for cytotaxonomic study.  

 

Centromere 

The expanded region in the polytene chromosomes represents the 

centromere in black flies.  In the polytene chromosome the 

centromere is usually characterized by a heavy dark band (Dunbar 

1962). The position of centromere in polytene chromosome 

corresponds to the centromere in mitotic chromosome. The 

centromeres of the polytene chromosomes have fused together to 

form a chromocenter, which is a regular phenomenon in Drosophila 

(White 1973). In four species of Prosimulium simulium, P. fontatum, 

P. saltus, P. approximatum, and P. misticum (Rothfels and Freeman 

1976) and in Simulium (M.) ghoomense (Henry et al., 2011) and 

Simulium (N.) praelargum “IIIL-1.2” (Thapa et al., 2014) the 

presence of chromocenter have been encountered. In some cases as 

in Simulium pictipes A the expanded regions were joined to form 

pseudo chromocenter in (Bedo 1975a). In Simulium (M.) ghoomense 

the centromere regions of chromosomes II and III have fused to form 

partial putative chromocenter (Henry et al., 2011), however, the first 

chromosome I had a centromere. In the present investigation of the 

four species, Simulium (N.) praelargum ‘IIIL-1.2” and Simulium 

(M.) dattai the centromeres have been fused to form a chromocenter, 

whereas in Simulium (N.) praelargum ‘IL” and Simulium (G.) williei 

have individual centromeres.  
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The centromere and chromocenter in case of four species studied 

marked the beginning of the long arm of all the three chromosomes 

which served as a partition between the short and the long arm. IL of 

all these four species did not show any major polytene chromosome 

cytological landmarks.  

 

Centromeres or portion of the chromocenter of all the four species 

marked the beginning of the IL 

 

Chromosome II 

The short of the chromosome II (IIS) of all the species investigated 

exhibited a bulge (B), ring of Balbiani (RB), and Trapezoid or Triad 

or Trapezoidal (T) in the polytene chromosomes and parabalbiani 

(PB), trapezoid (T), DNA puff and jagged (jg) in long arm of 

chromosome II (IIL). 

 

Bulge (=double bubble) 

Bulge (=double bubble) (B) is also a puff which is a characteristic of 

IIS in most of the species of Simuliid polytene chromosome. In 

Simulium (N.) praelargum “IIIL-1.2” and Simulium (N.) praelargum 

“IL”, bulge is found in section 42. In Simulium (M.) dattai it was 

located in section 46, and in Simulium (G.) williei in section 47.  
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Ring of Balbiani 

Ring of Balbiani (RB) is a large puff with a distinctive texture. Ring 

of Balbiani (RB) serves as an important landmark and is species 

specific. RB was identified in all the four species investigated. In 

Simulium (N.) praelargum “IIIL-1.2” and Simulium (N.) praelargum 

“IL”, RB was found in section 43. In Simulium (M.) dattai it was 

located in section 45, and in Simulium (G.) williei in section 48. In 

all the fours species investigated RB and B was closely associated 

with each other. In Simulium (N.) praelargum “IIIL-1.2” and 

Simulium (N.) praelargum “IL”, bulge (B) was located in section 42 

before ring of Balbiani (RB) in 43. In Simulium (M.) dattai RB was 

located in section 45 before B in section 46 and in Simulium (G.) 

williei, B was located in section 47 before RB in section 48.  RB was 

found to be present in section IIS 42 in all the members of Simulium 

pictipes (Bedo 1975a), while in species of Simulium ornatipes and S. 

ruficorne RB was reported in section IIS 43 (Bedo 1979, 1989), IIS 

43 as in case of Simulium (N.) praelargum “IIIL-1.2” and Simulium 

(N.) praelargum “IL”. In Simulium venustum/verecundum RB is 

located in IIS 47 (Rothfels et al., 1978) 

 

Trapezoid  

There is a presence of quadrilateral with two (non adjacent parallel 

bands) deeply heterochromatic bands named as trapezoid (T). The 

trapezoids may also serve as important landmark for the 

identification of the species in Simuliids. The presence of trapezoid 

was observed in all the four species investigated. . In Simulium (N.) 
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praelargum “IIIL-1.2” and Simulium (N.) praelargum “IL”, 

trapezoid (T) was located in section 52 of IIS. In Simulium (M.) 

dattai trapezoid (T) was located also in section 52 and in Simulium 

(G.) williei, trapezoid (T) was located in section 53. The presence of 

trapezoid in IIS of all the four species investigated is suggestive of 

the idea that it is an important polytene chromosomal landmark. 

 

Parabalbiani 

Parabalbiani (PB) is a characteristic of long arm of chromosome II 

(IIL). It is a darkly stained band with sharply defined and diffused 

edge. PB is unique to Simuliidae and is readily recognizable. PB was 

encountered in all the four species investigated. In Simulium (N.) 

praelargum “IIIL-1.2” and Simulium (N.) praelargum “IL”, PB was 

located in section 55. In Simulium (M.) dattai, PB was located in 68 

and in Simulium (G.) williei, PB was located in 63. The location of 

PB in all the four species has been a distinguishing characteristic. In 

other species of S. pictipes (Bedo 1975a), S. ornatipes (Bedo 1977a), 

and S. venustum/verecundum complex (1978) and in Metacnephia 

(Procunier 1982a) PB has served as an important landmark for 

species identification.  

 

Long arm of chromosome II (IIL) is characterized with some 

important banding pattern. Centromere marks the beginning of IIL 

followed by three sharp band in Simulium (N.) praelargum “IIIL-

1.2” and Simulium (N.) praelargum “IL”, Simulium (M.) dattai and 

Simulium (G.) williei. A euchromatic region with an active gene 
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transcription, gray band (gb), has been observed in section 59 of 

Simulium (N.) praelargum “IIIL-1.2” and Simulium (N.) praelargum 

“IL”. However gb was not prominently observed in Simulium (M.) 

dattai and Simulium (G.) williei. Therefore gb has not been 

considered to be of much importance in the species identification. In 

Simulium (N.) praelargum “IL” DNA puff was prominent in section 

58 which in other three species were not found to be prominent. A 

pair of band with rough texture was observed in section 62 of 

Simulium (G.) williei called jagged (jg). Centromeres or portion of 

the chromocenter of all the four species marked the beginning of the 

IIL 

 

Chromosome III 

The short of the chromosome III (IIIS) of all the species investigated 

is characterized by certain landmarks such as capsule (Ca) and 

blister (Bl).  

 

Capsule 

A swollen region named capsule (Ca) was located in section 72 in 

Simulium (N.) praelargum “IIIL-1.2” and Simulium (N.) praelargum 

“IL”. In Simulium (G.) williei was found to be present in section 79. 

In Simulium (M.) dattai capsule could not be confirmed. The 

position of the capsule in different species seemed to be variable and 

could not be considered as an important identification landmark. 
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Blister 

A typical enlarged puffed region, blister (B) was found to be present 

in section 77 of Simulium (N.) praelargum “IIIL-1.2” and Simulium 

(N.) praelargum “IL”.  In Simulium (M.) dattai blister (B) was 

located in section 76 and in Simulium (G.) williei was located in 

section 74. 

 

The long of chromosome III (IIIL) does not bear any characteristic 

landmarks. Centromeres or portion of the chromocenter of all the 

four species marked the beginning of the IIIL.  

 

Banding patterns 

Polytene is characterized by a series of heterochromatic and 

euchromatic bands throughout the length of the chromosomes. The 

banding pattern of each species is species specific. The linear bands 

are interspaced with enlarged swollen and loose structures called 

puffs. Puffs are genetic loci in the polytene chromosomes where 

intense RNA synthesis takes place. Appearance of puffs in general 

therefore depends upon the genetic activity of the chromosomes that 

vary overtime. However other structures such as bulge, ring of 

Balbiani, DNA puff, blister, and capsule have encountered in the 

Simuliids.  

 

Sex chromosome 

Heteromorphy of sex chromosome is known for many groups in 

animal kingdom. In most cases the Y-chromosome element is 
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smaller. The sex chromosome in Simuliidae is virtually unknown. 

Sex is determined primarily by a single locus or by a very short 

length of chromosome (Rothfels and Mason 1975). Many studies 

have revealed species in which the sex chromosomes have become 

differentiated by the linkage of inversions. One of such cases has 

been observed in Simulium erythrocephalum (Post 1985a). In S. 

jenningsi group the inversions played an important role in the 

determination of sex (Gorden 1984). In Chironomous tetans partial 

linkage of inversions to the X or Y-chromosomes was reported 

(Acton 1957). The species investigated so far from Darjeeling region 

did not reveal morphologically distinguishable sex chromosome. 

The sexes of the individual larvae were identified on the basis of 

nature of the gonads.  

 

Total chromosomal complement of almost all the species of black 

flies is 2n=6, except for the members of the subgenus Eusimulium 

where 2n=4 (Leonhardt 1985). Usually three criteria reveals the 

presence of sibling species and cytotypes in a population through the 

study of polytene chromosomes viz, fixed inversion differences, the 

complement of floating inversions, and differential sex-determining 

mechanisms (Rothfels 1956). So, different cytoforms within a 

species can be distinguished by atleast one of these criteria. 

Paracentric inversions are usually responsible for the reorganization 

of chromosomes in black flies, the same inversions either become 

fixed, lost, a stable polymorphism, or a differentiated segment of an 

X or Y chromosome (Rothfels 1980). As in almost all flies, in most 
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species of black flies the males are heterogametic sex (XY) and 

females homogametic (XX) except for S. siamense where females 

are heterogametic and males homogametic as also in S. yaeyamaense 

(Hadi et al., 1995), S. tahitiense and S. oviceps (Rothfels 1979). 

 

There are 33 nominal species of the Simulium feuerborni species 

group (Adler & Crosskey 2016), out of which only seven species 

namely, S. feuerborni, S. praelargum-st., S. maeaiense Takaoka & 

Srisuka, S. sasai (Rubtsov), S. leigongshanense Chen & Zhang, S. 

mongarense Takaoka & Somboon, and S. fangense Takaoka & 

Choochote, have a cocoon with a distinct anterodorsal projection. 

However the anterodorsal projection in the cocoon was absent in the 

two species cytologically described here, i.e., Simulium 

(Nevermannia) praelargum “IIIL-1.2” and Simulium (Nevermannia) 

praelargum “IL”.  Out of 33 species only two species from Simulium 

feuerborni species group have fewer than six gill filaments; 

Simulium borneoense Takaoka has four and S. phami Takaoka, 

Sofian-Azirun & Ya’cob has five gill filaments. Six gill filaments 

are characteristic feature of the S. feuerborni species-group, 

including this two new species. Morphologically larvae of S. 

praelargum-st, S. praelargum “IIIL-1.2”, and S. praelargum “IL” 

are almost similar as in most of the sibling species or cryptic species, 

which are morphologically similar and indistinguishable. Though the 

chromosomal arrangement of some sections of the polytene 

chromosomes of these cytoforms are different. So in resolving the 

identification of these cytoforms as a sibling species or a new 
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species can be done only through morphological studies of adults or 

through molecular analysis and other ecological parameters as well. 

 

The total chromosomal complement of this two new species, S. 

praelargum “IIIL-1.2” and  S. praelargum “IL”, as in most species 

of the Simuliidae (Rothfels 1979), consisted of three tightly paired 

homologues (2n = 6). Chromosome arms of IS, IIS, IIL, IIIS of S. 

praelargum “IIIL-1.2” is identical with that of S. praelargum-st and 

S. praelargum “IL”, but differs from S. praelargum-st by two fixed 

inversions in IIIL and by four fixed inversions with S. praelargum 

“IL”. Chromosome arms IS, IIS, IIL, and IIIS of S. praelargum “IL” 

are identical with those of S. praelargum-st and S. praelargum “IIIL-

1.2”. S. praelargum “IL” differs from these two species by four 

fixed inversions in IL: IL-1, IL-2, IL-3, and IL-4. IIIL of S. 

praelargum “IL” species is identical with IIIL of S. praelargum-st, 

but differs from S. praelargum “IIIL-1.2” by two fixed inversions. 

The nucleolar organizer (NO) of both S. praelargum “IIIL-1.2” and 

S. praelargum “IL” is in the short arm of chromosome I (IS) near the 

centromere in section 18, as in S. praelargum-st from Darjeeling, 

India. The Simulium feuerborni complex in Thailand also has the 

nucleolar organizer (NO) in IS near the centromere (Pramual & 

Wongpakam 2013). The centromeres of the two new species exhibit 

heavy heterochromatic bands, similar to those in S. feuerborni (Hadi 

et al., 1996) and S. praelargum-st (Henry et al., 2010), but S. 

praelargum-st and S. praelargum  “IL” lacks a chromocenter, which 

is present only in S. praelargum  “IIIL-1.2” (Thapa et al., 2014). B 
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chromosomes were not found in the mitotic or polytene 

complements of both S. praelargum “IIIL-1.2” and S. praelargum  

IL, although they have been observed in other species in the 

Darjeeling area, such as S. gracile Datta, S. praelargum  (Dey & 

Fumafartosok 1984b), and a few unnamed species of the subgenus 

Montisimulium (unpublished). Nevertheless, B chromosomes have 

been observed in high frequency in cytoform C of S. feuerborni from 

Malaysia (Pramual et al., 2015). No rearrangements in the new 

species were linked to the X or Y chromosomes (X0X0, X0Y0), and 

no floating (polymorphic) inversions were found. 

 

There are four cytoforms documented in S. feuerborni viz, cytoform 

A and cytoform B from Thailand (Pramual & Wongpakam 2013), 

cytoform C from Peninsular Malaysia, and cytoform D from 

Indonesia (Java) (Pramual et al., 2015). The characteristic of 

cytoform A is the standard polytene chromosome banding sequence 

and undifferentiated sex chromosomes (Pramual and Wongpakam 

2013). There are more than six fixed inversions in cytoform B. A 

fixed inversion on the long arm of chromosome III, undifferentiated 

sex chromosomes and a high frequency of B chromosomes is the 

characteristic of Cytoform C (Pramual et al., 2015). Cytoform D is 

characterized by a fixed inversion on IIL and undifferentiated sex 

chromosomes (Pramual et al., 2015). But none of these inversions 

found in cytofoms A, B, C, or D of S. feuerborni are found in either 

of the two new species investigated, S. praelargum “IIIL-1.2” or S. 

praelargum “IL”. At least some speciations in the Simuliidae are 
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accounted by complex karyotypic and genomic changes (Adler et al., 

2016). These changes involve at least three chromosomal 

restructuring phenomena: i) a whole-arm interchange, ii) differential 

expression (e.g., fixed vs floating) of one and the same 

rearrangement in different species, and iii) taxon-specific 

differentiation of sex chromosomes. The S. feuerborni group is 

atypical in that no taxa to date have been found with sex-

chromosome differentiation, all taxa being X0X0, X0Y0. It would 

appear that in the S. praelargum complex, heterochromatic 

polymorphisms for centromere and telomere band enhancements and 

chromocenters (Thapa et al., 2014) occurred in an ancestral 

intermediate and might be associated with present-day speciation of 

the three extant taxa in the complex. 

 

In sympatric situations, the absence of heterozygotes attests directly 

to reproductive isolation of sibling species (Rothfels 1979). In 

general, this taxonomic status can be ascribed to a larval Simulium 

population, demonstrating the lack of appropriate heterozygote(s) for 

any particular salivary gland autosomal inversion polymorphism 

(Procunier 1984). Larval populations occur in sympatry, e.g., “IIIL-

1.2” and IIIL-st occur in the same stream at the Happy Valley and 

Sonada sites. S. praelargum-st, S. praelargum “IIIL-1.2”, and S. 

praelargum “IL”, occur in close proximity with respect to dispersal, 

they were found in two or three different streams but within 1 m of 

each other at one place and within 100 m of each other at the other 

place at the Dali site. Adult emergence times do overlap for the 
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distinct cytological entities described here; consequently, these 

populations can be considered sympatric. This site is .particularly 

instructive for providing information on conclusions reached that 

three distinct entities occur in the Darjeeling area and that they are 

reproductively isolated.  

 

As in most species of the Simuliidae (Rothfels 1979), Simulium 

(Montisimulium) dattai also has three pairs of polytene 

chromosomes (2n = 6). Few nominal species like S. inflatum 

(Rubtsov), S. jasgulemum (Chubareva), and S. octofiliatum 

(Rubtsov) of the subgenus Montisimulium have B chromosomes. 

(Chubareva & Petrova 2008) but however it was not found in the 

mitotic or polytene complements of Simulium (Montisimulium) 

dattai. As in most species of the sub genus Montisimulium like, S. 

bartangum, S. jasgulemum, S. obichingoum, S. quattuordecimfilum, 

S. vantshum ( Chubareva 2000) and S. ghoomense (Henry et al., 

2011), the nucleolar organizer (NO) is the short arm of chromosome 

I near the centromere in section 18. However in S. asulcatum 

(Rubtsov) the nucleolar organizer is in the base of IL (Chubareva & 

Petrova 2008). Simulium dattai has been found to exhibit a large and 

prominent chromocenter as found in about 12% of black flies (Adler 

et al., 2010), and about half of the chromosomally mapped species 

of the subgenus Montisimulium (Chubareva & Petrova 2008). But 

Simulium ghoomense mapped form this region is the only member 

under this subgenus to have a putative partial chromocenter, which 

involves only chromosome II and chromosome III. The terminal 
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third or more of IS of Simulium dattai is homologous with that of 

species such as Simulium montium and Simulium ghoomense. IL of 

Simulium dattai shows terminal homology with Simulium 

ghoomense. IIS and IIIS of Simulium dattai are almost similar and 

homologous to some extent with that of Simulium ghoomense. In the 

mapped species of the subgenus Montisimulium the banding pattern 

of the short arms of chromosomes II and III are conserved and 

appear similar if not exact to those of Simulium dattai. IIL of 

Simulium dattai also shows terminal homology with Simulium 

ghoomense and other species, such as S. alizadei and S. octofiliatum, 

atleast in the presence of parabalbiani which is located distally. The 

terminal sections of IIIL of Simulium dattai also show terminal 

homology with that of Simulium ghoomense. 

 

Although maps are available for some species in the subgenus 

Gomphostilbia but other species in this subgenus have been 

inadequately studied chromosomally. This is the first available map 

of Simulium (Gomphostilbia) williei in the Gombakense species-

group from the subgenus Gomphostilbia from Darjeeling region. As 

a rule as in most of the species of the Simuliidae (Rothfels 1979), 

Simulium (Gomphostilbia) williei also consists of three pairs of 

polytene chromosomes (2n = 6). As in most species from the 

subgenus Gomphostilbia, the nucleolar organizer (NO) of Simulium 

(G.) williei is also at the base of IS of chromosome one near the 

centromere.  The fore and terminal end of IL of S. williei shows 

homology with that of standard map of Simulium ceylonicum species 
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group. The centromeric regions were not expanded and the major 

landmarks, the ring of Balbiani and bulge in the IIS arm, were sub 

terminal in Simulium gombakense from Thailand (Phasuk et al., 

2005) which is located somewhere near the middle of the mapped 

polytene chromosome of Simulium williei from Darjeeling. But in 

standard map of Simulium ceylonicum from the Ceylonicum species 

group the ring of Balbiani and bulge were more towards the 

telomeric side (Jitklang et al., 2008). Whereas the bulge in S. 

trangense was more towards the telomeric side and the ring of 

Balbiani was towards the centromeric side (Jitklang et al., 2008). 

The sections housing the major landmarks, jagged (jg) and 

parabalbiani (PB) in IIL of chromosome two of Simulium williei 

show homology with the standard map of Simulium ceylonicum 

species group, however, the position of jagged (jg) and parabalbiani 

(PB) are reversed in S. trangense. The last few sections of IIIS near 

the centromere of chromosome three of Simulium williei shows 

homology with the standard map of Simulium ceylonicum species 

group in having a series of deep bands. The deeply stained post 

centromeric bands of Simulium williei are comparable to that of 

standard map of S. asakoae, and other species of the same group, S. 

curtatum n. sp., S. nr. asakoae 2, S. nr. asakoae 3, S. nr. asakoae 4, 

S. inthanonense, S. sheilae, S. trangense n. sp., and  S. doisaketense 

n. sp.  

 

Status Simulium (Nevermannia) praelargum “IIIL-1.2”: This new 

species differ from those previously described S. praelargum-st by a 
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two step fixed included inversion (IIIL-1.2) in chromosome IIIL and 

by a large enhanced chromocenter (Fig. 16). The limits for IIIL-1 

encompass sections 85–94. The second included inversion (IIIL-2) 

re-inverts the segment 85–92 thereby transposing sections 94 and 93, 

leaving them proximally closer to the chromocenter. The new 

species is informally designated here as Simulium (Nevermannia) 

praelargum “IIIL-1.2”. 

 

Status Simulium (Nevermannia) praelargum “IL”:  This new 

species differ from S. praelargum-st and S. praelargum IIIL-1.2 by 

four fixed inversion in long arm of chromosome IL: IL-1, IL-2, IL-3, 

and IL-4. The new species is informally designated here as S. 

(Nevermannia) praelargum “IL”. 

 

All the three species S. praelargum-st, S. praelargum “IIIL-1.2”, and 

S. praelargum “IL” have been found to be sympatric 

 

Status of Simulium (Montisimulium) dattai: This species was first 

reported from Darjeeling by Datta et al., 1975 from Kurseong, 

Darjeeling, on the basis of the pupal characters only as Simulium 

(Eusimulium) sp. B. The same species was described 

morphologically as from Bhutan basing on the larval characters and 

renamed as Simulium (Montisimulium) dattai. The mitotic data and 

the polytene chromosome map of this species supported this species 

at the cytological level. 
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Status of Simulium (Gomphostilbia) williei: This species was 

described based on larval and pupal characters only from Dali, 

Darjeeling. The polytene chromosome map constructed here along 

with other mitotic data provides additional characteristics to the 

description of this newly described species and adds to the diversity 

richness in the subgenus Gomphostilbia. 
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        CHAPTER 8 
_______________________________________________________  

 

Summary and Conclusion 

 

The analysis of mitotic chromosomes of four species investigated 

imulium (N.) praelargum “IIIL-1.2”, Simulium (N.) praelargum ‘IL, 

Simulium (M.) dattai, and Simulium (G.) williei revealed the 

closeness between two cytoforms of Simulium (N.) praelargum 

“IIIL-1.2” and Simulium (N.) praelargum “IL”. The data further 

justified the taxonomic status of Simulium (M.) dattai and Simulium 

(G.) williei belonging to two separate subgenus. The metrical study 

of the mitotic chromosomes seemed to be one of the important 

criteria for the taxonomical study of the species. 

 

In addition to mitotic data, the positions of major cytological 

landmarks and different banding patterns have elucidated the 

relationship between different taxa. Simulium (N.) praelargum “IIIL-

1.2”and Simulium (N.) praelargum “IL” being the cytoform of the 

same species.  Simulium (M.) dattai and Simulium (G.) williei being 

two separate species. The relationship of Simulium (N.) praelargum 

“IIIL-1.2”and Simulium (N.) praelargum “IL” has been exclusively 

compared with Simulium (N.) praelargum-st and their closeness in 

the banding pattern except in those portions of the polytene 

chromosomes where inversion has taken place justifies their 
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taxonomic status of being two separate cytoforms of the same 

species. The difference in the inversion of the cytoforms, described 

as cytoform A and B from Thailand, cytoform C from Peninsular 

Malaysia, and cytoform D from Indonesia (Java) of the feuerborni 

group with the cytoforms of the S. praelargum from Darjeeling 

advocates the relationship between these species and the marked 

differences in the inversions justifies the close relationship of the 

species from Darjeeling with that of species from Thailand, 

Malaysian peninsula, and Indonesia.   

 

The polytene chromosomal similarities between Simulium (M.) 

dattai and S. (M.)  ghoomense from Darjeeling are comparable to 

each other to some extent at the subgenus level. Due to 

unavailability of standard map of subgenus Montisimulium as yet, no 

authentic relational conclusion could be drawn between Simulium 

dattai and Simulium ghoomense with that of the other species such 

as S. inflatum, S. jasgulemum, S. alizadei, S. octofiliatum S. 

bartangum, S. obichingoum, S.  montium, S. quattuordecimfilum, 

and S. vantshum from other parts of the world. 

 

This was the first chromosomal map of Simulium (G.) williei form 

Gombakense species group although subgenus Gomphostilbia being 

the dominant population across the Oriental region, no standard 

maps of polytene chromosome of Gombakense species group is 

available yet. However standard maps of polytene chromosome of 

Ceylonicum species group belonging to subgenus Gomphostilbia is 
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available. The comparison of Simulium (G.) williei with that of 

standard map of Ceylonicum species group has been made. The 

comparison revealed similarities in some sections of polytene 

chromosomes between these two species group. The complete 

polytene chromosome map of Simulium (G.) williei therefore, will be 

of prime importance for the establishment of standard maps in 

Gombakense species group that will allow to draw the inter 

relationships between the subgenus and other species group across 

the world. 

 

The diversity of species of Simulium belonging to different subgenus 

and species group has been studied in the context of polytene 

chromosomes. The diversity of species within the subgenus 

Nevermannia, species group feuerborni has been successfully made 

with the specimens naturally available from the local stream of 

Darjeeling. The description of polytene chromosome map of the 

Simulium dattai under subgenus Montisimulium has established a 

foundation stone to create a species group within this species which 

otherwise is absent till date.  

 

Description of Simulium (G.) williei under the subgenus 

Gomphostilbia within Gombakense species group has been for the 

first time has been proposed. 
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From the investigations made on the basis of polytene chromosomes 

the diversity of Simulium fauna from the Darjeeling Hill has been 

ascertained. 
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