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In the Simuliidae, analysis of salivary gland 

polytene chromosomes of larvae has contributed significantly 

to evolutionary and cytotaxonomical research. Additionally, 

such studies also have practical value in efforts to control 

diseases transntitted by Simuliid vector,;. ou'r knowledge on 

I~ 
the chromosomes of black flies has been ac CUITtU lated 

considerab~y since the pioneering study of the salivary 

gland chfomosomes ,f Simulium virgatum by Painter and 

Griffen 119371. Further studies <Kunze, 1953;Rothfel,; and 

Dunbar, ·19531 revealed that the gross features of ,;alivary 

gland chromosome,; could be useful in segregating the ,;pecies 

cytologically. The substantial contribution made by earlier 

workers in the formative years of black fly cytology have 

been reviewed extensively by Rothfels (19791. Further 

impetus for the cytological investigation of black fli~s 

,;tern,; from the availability of !'.ibling ,;pecies which i,; rule 

rather than ~xception in Simuliidae CRothfels, •1979). 

Recently, efforts have been made to study the cytotaxonomy 

CProcunier 1982; Gordon 1984; Brockhou,;e 1985; Hunter and 

Connolly, 1986; Post,1986; El,;en and Po,;t 1989; Bedo,1989; 

Conn et al,1989~and ecology <Adler and Kim 1984; Adler, 

1987) of sibling species since a good cytotaxonorrti c 

understanding and complel!tentary ecological knowledge . i,; 

important in deriving a vector control strategy which 

minimises the risk of spreading in,;ecticide resistance 

' CPo,;t, 1986; Adler and Kim ,19841. However, the bulk of 

these cytological in~estigations have dealt with ,;pecie,; 



from North America and Europe. It is therefore of interest 

to extend such studies to black flies from other areas. ·The 

cytotaxonomic studies on black flies have been reviewed 

hereunder. 

The chromosome complement of black flies 

The basic chromosome compleme~t of the Simuliidae 

consists of n = 3 chromosomes with median or submedian 

centromeres in all the genera so far studied. Accordingly, 

the polyte.ne sal~vary gland nuclei con.tain three chromosomes 

with two homologues more or less intimately paired. The 

cen~romere regions in most species form a characteristic 

expanded regions dividing the polytene chromosomes in the 

same proportion as the mitotic metaphase chromosomes 

(ganglion or gonia!). In some species, identification of 

centromere sites is confirmed by frequent ectopic pairing, 

while other species have a tight chromdcenter. Each species 

typically has one major puff, Balbiani Ring <BRI and a 

nucleolar organiser region <NO>.· Additional landmarks 

>nclude characteristic band grouping and parabalbiani <PBl. 

Moreover, idiogram .could be constructed from the 

measurements of each arms and·are helpful to diagnose the 

species cytologically <Rothfels, 19791. Other i~portant 

cytological features include supernUIT•erary or B-chromosomes 

and aspects of male meiosis i.e.,chiasmate or achiasmate 

<Procunier,1975l. 
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Cytological studies of different groups of Simuliidae 

While compiling the cytological data on different 

groups of Simuliidae, claslification suggested by Rothfels 

(1979) has been followed for practical convenience and 

~onsistency. Chromosume information riow available for three 

subfamilies namely Gymnopaiidinae, Prosimuliinae and 

Simu li i nae. Of these •. the subfamily Simuliinae has been 

extensively studied. 

Gymnopaiidinae 

In this subfamily chromosome data of seven species 

belonging to two genera are ~vailable at p~esent (Rothfela 

and Freeman,19661 Chubareva,19771 Rothfels,1979l. Spncies of 

differ from each ather by inversion in each of 

the three chrom~somes and in width of bands (Rothfels 

,·1979). Moreover,there is hamolt'gy between the salivary 

glan-:1 chromosome map of and Twinnia 

(Chubareva,1977). However there are no cytologically 

determined sex chromosomes in the species· of Twinnia 

(~othfels & Fre~man, 1966). 

Probimuliinae 

This subfamily Is better known cytologically than the 

previous one. Chromosome information is now available for 

five genera namely, Prosimulium , Heldon , Urosimulium 

Gigantodax and Crozetia On the basis of specific 

chron.osomal characteristics, the species belonging to 

Prosimulium are placed in five major groups (Rothfels 1979) 

namely , t•iritiees group , mixtum group , esselbaughi ,group 
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rr•agnum group and ursinum/ macrOF!Y_Q.9 group. The member of 

hiritiP.es group 1Basrur,1959l are characterised by the 

pre,;ence of va,;tly elaborated centromer~ region in 

chromosome 1 <transformed centrom~re, Ct>• On the other 

hand, mixtum, esselbaughi and .!!!Agnum groups of species are 

characterised by IIIL-1 <Rothfels, 1956), Il!L-2 

(Basrur,1962 and Rothfels,1979l and IIIS-1 IOttonen, 1966) 

inversions respectively. However, the fifth group does not 

have a cytolog~cal mark~r of its own and is represe~ted by 

the standard Prosimulium sequence < Rothfels, 1979 ), 

Chromo,;omally, the genus Helodon standard differs from 

that of Prosimulium in always having IIiS-2 inversion, 

frequently lllS-3 inversions and never IL-1 <Rothfels and 

Freeman, 1966). ln addition, all known member,; of the group 

share a basic inversion in lllL (Rothfels, 1979). On the 

basis of apparent chromosomal deficiencies, Chubareva and 

Petrova (1969) have suggested that Helodon is 

phylogenetically younger than Prosimulium. However, 

according to Rothfals 11979), this conclusion may be c~rrect 

cytologically but directionality can be read either way. 

In the genus Urosimulium, our cytological knowledge is 

limited to a single species, Urosimulium stefanii <Frizzi et 

al., ·1970), which is closel~ related to Prosimulium 

biritiP.es group of sp~cies <Rothfels, 1979). 

In the genus Gigantodax chromosonoe map has been 

prepared for Gigantodax bonarissorum and for two unnamed 

species <Rothfels, ·1979) •. Certain land marks of these 
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species can be homologised with those of species in other 

genera. However, nu serious attempt has yet been made to 

extend the knowledge on this genus. 

The genus Crozetia is represented cytologically by a 

lone species Eusimuliurro aureum <Rothfelr. and Mason, 

1975). which is characterised by the presence of drumlike 

cent rome res in all th~ee chromosomes, The centromeres are 

expanded and deeply stained. The nucleolar organiser ·is in 

the base of IS, the balbiani ring (BRl is in the base of liS 

and parabalbiani <PBl is distally located in IlL. Howev~r, 

heterozygous inversions were not encountered in aPy of the 

larvae. Meiosis in the male is found to be achiasmate. This 

genus has aroused considerable interest because of its 

isolated geographic position and abnormal head structure of 

its larvae (Rothfels, ·1979). 

Simuliinae 

Extensive cytological work has been carried out on this 

subfarroily. Chromosome information is now available for 13 

genera belonging to five tribes namely Austrosimuliini, 

. Cn e phi in i , Eusimuliini, Wilhelrroiini and Simuliini 

<Ro•hfels,1979l. 

Tribe Austrosimuliini 

In the genus Austrosirroulillm detailed chromosomal 

studies has been carried out in three species name.ly, fl.. 

multicorn.JW_ fl.. laticorne and a ..... ungulatum, of which the 
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first named species is considered as standard <Rothfels, 

1'>'79) . All the three species have three chromosomes 

iJentifiuble by the standard Simuliid landmarks namely, the 

NO in the base of IS; tt.e IS end is identical to that of 

other genera; liS with the BR (Landau, 1962), and trapPzoid 

(Rothfels et £.!.., 1978); IlL with PB ; and IllS with the 

frazzled end and blister. Chromosome Ill is identical in 

all three species. Sex chromosomes remain. unknown in 

a_._ multicorne while a_._ laticorne and a_._ ungulatum have sex 

~iffprential segments in lL and llL respectively. 

lt ~.as also been suggested that £h tillY.ardi and other 

species of Austrosimulium differ from all other Simuliinae 

in a pericentric inversion in third chromosome <Chubareva 

and ~etrova, 1975). However, very little information is 

avail~ble on Australian species of this genus. Bedo (1976) 

describe the polytene chromosomes from malpighian tubules of 

three Australian species of Austrosimulium namely, £h 

bancrofti,fh victoriae a01d £h torrer:tium. The chromosomes 

of these species are found to be thinner than those of 

Simulium species. However, of these three Au<;trosimuliurn 

species, satisfactory malpighian chromosome preparation 

could not be made using £h torrentium. However, the 

chromosome map of £h montanum are good enough to allow 

comparison with other species <Rothfels,1979l. The 

centromeres are well banded in £h bancrofti and they tend to 

form a chromocenters in a_._ torrentiurn. Nucleolar organiser 

of £h bancrofti is in lL and that of £h victoriae is in 
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first arm. Moreover, the chromosome of ~ustrosimulium appear 

to be smaller than those of Prosimulium, Simulium and 

Wilhelmia. This cytological feature may be phylogenetica\ly 

significant <Rothfels,1979l. 

Tribe Cnephiini 

Genus Cnephia 

In this genus, f~ve s~ecies are known cytologically 

<Bas ru r, ·1957; Petrova, ·1972; Procunier,1975 a,b; 1982 a,bl 

namely, dacotensis,~. -~·e cuar-urn, ~ eremites,~ 

ornithoj;!hilia and £.... l.e.N! .. onica. Four of the five specie!i\ 

have a chromosome number n = 3, with £., .!.st~.:.Roni~a being 

reduced to n = 2 as a result of a fu~ion of chromosomes ll 

and Ill. All species exhibit tight pairing of homologues. 

For n = 3, species the centromere regions of chromosomes 1 

and II are expanded while the centromere region of 

chromosome Ill shows minimal expansion. NO is present in 18 

while RB and PB are found in liS and IlL respectively. The 

standard chromosome map of lill.,g.J~hia has been described by 

Pr~cunier (1982). Moreover, all members are male achiasmate. 

Sex chromosome differentiation varies from nonobservable in 

£., ornittt.Q.philia and £., eremit.es through £., .~•ecuarum in 

which the standard and IS-5 sequence are distributed 

differentially over X and Y chromosomes, to the polytypi c 

system of £., .!.st~~P.onica in which the X-chromosome is f1xed 

for expression of the nucleolar organiser <Nbl and tbe Y 

chromosome .lone>:pression. Further, all the five species 
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differ from each other by ir.terspecifi~ inversions and 

species-specific floating inversions. Besides autosom~s, ~ 

.dacotensis and orni tho~.'l:Li 1 ia have B- chromo s orr•e s 

<Procunier, 1975a >. However, the B-chr~mosomes of k.. ... 

ornithophilia pair back on themselves, indicating that the 

ends are homologous for a considerable distance <Procunier, 

'1982 b). 

On the other hand, the Australian species assigned to 

Cnephia are poorly studied cytologically. However, all the 

species studied so far revealed undifferentiated. sex 

chrC'Imosornes, suggesting· inclusion in a separate genus 

ParacneP-hia <Rothfels, 1979). 

Genus Stegopterna 

Ttds genus is known cytologically from the study of 

three species namely, §..._ richteri, §..._ mutata (both dipl,oid 

and triploid) and §..._ err.ergens <Madahar, 1969). In.§.... mutata, 

t~e only arrangement is found on the centromeric re,ion of 

chromosome I and this region is ~ssociatud with sex 

determination. The triploid females are fairly heterozygous 

and have four inversions in IL and two in IlL • The sexual 

diplnids are restricted to Southern Ontario and 

parthenogenetic chromosomal triploids are more widely 

distributed <Madahar, 1969>. 

Genus Metacnephia 

This group is better known cytologically in comparison 

to the ot~er genera of Cnephiini. Chromoson.e data are now 
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available for ·15 species namely, MetacneQhia korsakovi, !1.. 

.Qallip>s, !1.. terterjani, .!1.. subalQina, !1.. .Qersi ca,t!.... 

.kiriovavae; !1.. -~·etrov"'·"'··'· !1.. .Qarniriensis, !1.. fre:r.~a9.i.z.. fu 

crete, !1.. tredecimata, !1.. sommermanae, !1.. borealis, !1.. 

.saskat chewana and !1.. Sill!.~•hora CF .. trova,1973a,1973b, 1974, 

·.~ 
"1977; Procunier, •1982). All tloe spE'cies have a diploid 

chromosome number of n = 3 and they exhibit tight pairing of 

homologues with the centromere regions of chromosome I and 

Il being expanded, while the centromere region of chromosome 

III shows minimum expansion. Chromosome I and II are 

metacentric, while chromosome I1I is submetacentric. The 

nucleolar organiser :NOl is present in the base of IS, ring 

of Balbiani CRBl in II8, the parabalbiani CPBl in II L, and 

the blister CBl in 1I18. All members are male chiasmate and 

differ from related Cne~·hia by a whole arm interchange· 

between chromosomes 1 and II. It has been suggested that the 

interchange is as characteristic cytological marker for 

MetacneQhia CProcunier, 1982). Sex chromosome 

differentiatiOn varies from x0 Y.1 noale of !1.. Sll!!.~·hora to a 

comple>: system in !1.. borealis. The closeSt members of 

MetacneQhia differ only in their se>: chromosomes and share 

floating inversions. Among the l!oenobers of MetacneQhia, !1.. 

borealis is unique in having a large submetacentric B-

chromosome CProcunier, 1982). 

Genus Sulcicnephia 

Only three species namely, 8ulcicneQhia 

ovtshinnikovi,§_,_ lobashovi and §..... .eetrov.ae of this genus 
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have been worked out cytologically (Chubareva and Petrova, 

19751. They have suggested hoffiology between the first naffied 

species and flustrosiffiulium till_Y.ardie~nUJTt. However, ttte 

cytologice~l knowledge of this group is still inadequate. 

Genus Ecteffinia 

Only two species of this genus have been cytologice~lly 

worked out so far <Madahar, 19671. The comparison between 

ictemnia invenusta and Ectemnia taeniatifrons revealed that 

the chromosomes of g..._ invenusta are tightly paired. The 

nucleolar organiser is at the base of 16, •hile the Ealbiani 

Ring is towards the centromere in IIS. Inversion 

-v polymorphism occurs atleast in l!S and !Ill. On the 

otherhand, the chromosoJTtes of g.... taeniatifrons are loosely 

paired. The nucleolar organiser is in the center of 16 while 

BR is in the middle of 116. No polymorphism were found in 

t,ttis species. 

Tribe : Eusimuliini 

Genus Eusimylium 

iJu r cytological knowledge of Eusimulium is still 

fragmentary. Dunbar <19621 div>ded this taxon into several 

species yroups, of which aureum and vernum groups, have been 

studied in detail. Eusimulium aureum group has 

chromosomes. The very long dicentric first chromosome is ·due 

to the fu<oion of chromosomes II and Ill i.e. I of aureM.![! = 
II and IJI of other sim11liids; 11 of ;;~ureum = 1 of other 
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simuliids 1Dunbar,19581. Chubareval19741 also reported n=2 

for Eusimuliym brachY.antherum .• Therefore, this group would 

be a promising one in which to search for reduction of the 

chromosome complement to the theoretical level of one 

1Rothfels,19791. On the otherhand, Eusimulium vernum group 

has a chromosome number n=3,in common with most blackflies. 

In general the pairing of the homologues is loose, although 

the degree of pairing varies among 1~ cytotypes within 

Eu s i mu 1 i u m vernum group. The NO is in the base of IS arm 

throughout the vernum complex. Two of the cytotypes have a 

chromocentdr while four carry supernumerary chromosomes. 

Moreover, five of the total of six chromosome a~ms are 

involved in sex determination in the various member of this 

complex <Brockhouse, ·1984, 1985). Study of the 

of seven species in the h vernurr, group 

cytotaxonomy 

<Hunter and 

Connelley, 

cytological 

•1986) further revealed that there exist t~o 

lineages within h vernum group. h aestivurr,, h 

im.Qar, h .Qugetense, and h ~uebecense belong to one 

lineage, while]:::__._ .gouldingj_,_ h croxton:. and Simulium sp. to 

the other. The former lineage is characterised by the fixed 

inversion JllS-1 and by lllL - 1' (fixed and floatingll the 

latter lineage by fixed inversions !L-1,2,3&41 IIL-4,and 

JIIL-4,5 and by !IlL- 6 (fixed and floating>. 

Genus Inseliellum 

Only two species of this genus namel~, 

tahitiense and h oviceQs have been studied 

!nseliellum 

cytologically 
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<Rothfels, 1979) . Chromosomally these two species are 

extremely close. Four of the six arms are identical. No more 

t~an four inversion differences exist. In both the species, 

females are hetrogametic and are more closely related to 

each other than to ~ny other Eusimulium so far studied. 

However, .h tahitiense is r-1ale chiasmate whereas h oviceQS 

ls male achiasmate. 

Trib~ Wilhelmiini 

Genus Wilht.lmia 

Our knowledge on the chromosome of this gen~s is 

limited to few species only. H... g_quina is one of the first 

black fly species studied chromosomally (Montalenti 1947). 

Extensive inver-sion polymorphism exists ~hile no. se>: 

chromosome has been recorded in this species so far studied 

(Grinchuk, 1968,·1969; Grinchuk & Chubareva, .1972,·1975). 

Genus Edwardsellum 

Species of this genus received considerable 

cytotaxonomic attention since this genus includes the 

vectors of human onchocerciasis in Africa <Dunbar, ·196o, 

Vajime & Dunbar,1975l. Twenty-five sibling species of 

Edwardsellum damnosum have been described so far (Quillevere 

et al. ,·1976>. 

Tribe Simuliini 

This tribe incl~de three cytologically studied 

namely, Psilozia, ShewellomY.ia and Simulium. 

group 

Except 

Simul1um, cytological studi~s are piecemeal in other groups. 
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In the following discussion Psil,_Qzia and ShewellomY.ia have 

heen given subgeneric rank CCup & Gordon, "1983) for our 

practical convenience. 

Subgenus : Psilozia 

Simul iurrr CPsilozial vittatum was thr first blackfly 

species to be mapped CRothfels and Dunbar, 1953). The 

conge_neric species .§.... ~ .9Lru!..§. also showed the same gross 

feature as.§....~ vittatum, with chromosome arms IL,IIS and 

lliS identical. However, IlL d}ffers by two fixed 

inversions and IS is homologous upt~ the centromeric region 

(Pasternak, 1964). 

Subgenus :ShewellomY.ia 

in S:~mul iurrr CShewelln..!!!Y.ial have bee,, 

examined by conventional staining and quinacrine 

fluorescence staining methods CBedo ,1975). Simuli~m CSh.) 

Hagen consists of three 

A,.Jlicti~·es 8, and .§.... CSh.) lon9.i...§.1Y.laturrr. In all three 

siblings, the haploid chromosome number is three. Specific 

differences include a simple and a complex inversions, a 

shift of basal bands between the short arm.of the second and 

third chromosomes, details of the sex chromosome and the 

amount of DNA in certain individual bands and expanded 

centromeric regions. However, thu unique situation 1s that Y 

chromosome markers are located in a different element of the 

complement in each of the three species, Thus .§.... -~·ictiP-es A 
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has· heteroband in IlL, and .!a_,_ .PiCti!;!es B and §_,_ (Sh,) 

longistY.latum have Y chromosome inversionb in !IlL and IS 

respectively <Bedo, ·1975). 

Genus Simulium 

This genus is better known cytologically than the other 

groups of Sim•1liidae. §_,_ tuberosun1 contains four to five 

siblings (Landau,1962; Rothfels,1981). All major species 

sp~cific inversions were found on liS and all are sex 

related. The banding seouence of other arms were identical 

in all the siblings e>:cept for 83 floati.1g inversions. The 

A,B sibling has been found in Europe and Nortl• America and 

is thought to be true §_,_ tuber o sum <Rothfels, ·1981). The 

.. ~ . 
./ geographical distribution of sibling of §_,_ tuberosum was 

further studied by Mason (19821. He o~served four new 

siblings wt•ich like originals have fixed differences in 

chromosome arm liS. One of these, FGI, distinguish~d by a 

high degree of polymorphism and the presence of fixed 

differences from the tuberosum standard in arms IS, IL and 

!IlL, occurred both in Alaska and Norway. A comparison of 

the standard tuberosurr •• the §_,_ venusturr• and the FGI sibling 

chromosome pattern revealed that the FGI sibling to be much 

closer to the venustum standard, than any other tuberosum 

sibling <Mason,1982).Sex chromosome polymorphism in 

tube~!!l!! comple>< has also been studied by Mason (1984). He 

observed that ~he close•y related siblings species could be 

distinguished by the banding pattern on their sex 

chromosome. Simulium tuberosum differs from the venustum 
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standard by a total of 16 inversions and from all other 

Simulium species by having the NO in the base of IIIL in 

other species <Rothfels, 1~791. Moreover, Simulium vittatum 

was found to be composed of 3 sibling species, two of which 

are de•ined as lllL-1 and onu as lS-7 cytospecies (Rothfels 

~nd Featherston, 19811. There are seve~al polymurphisms, 

rr.any of which are shared by both siblings and which vary in 

their frequenci~s within each sibling. Further studies 

<Adler and Kim, 19841 revealed ecological difference between 

111'--·1 and lS-7 siblings. The species §...decorum which is a 

merr.ber of Simulium ll9.Y.reatum I decorum complex also have 

sibling species. The decorum sibling is distinguished from 

the other two by the presence of a heavy band at the base of 

lL and by chromosome Ill being the sex chromosome 

<Rothfels,19811. Furthermore, one of the largest 

in North f\merica is that of tt•e Simuliurr. ven'-lstUI!! /§... 

verecundum which includes the principal noxious biter of 

man . Study of polytene chromosomes show that both s._ 

. venustum and §... verecundum include a minimum of seven 

sibling species designated by their liS sequence (Rothfels 

al. ,19781. The basic chrorr•osome corr.plerr.ent of 

venustum/ye~ecundum < n=3 I , in arm association and arm 

ratios, is same as in §... tuberosum, except that tt.e NO is in 

the base of !IlL rather than IllS. This change in position 

of NO is common to all other members of Simulium so far 

studied <Rothfels ~ al., 19781. Moreover, §... verecundum 

lineage differs from its venustum counterparts by 10 fixed 

Fl'ORTH BENG!~ 
'Universit t Library 
Raja Rammo;,unpur 



.... 

inversions IRothfels, 1981). Limnological features are also 

found .to be associated with the distribution of the 

cytotypes of this complex (Gordon and Cupp, 1980). 

However, no sibling species were found in Jenning& 

group (Gordon, 1984). Three species §.,_ jenningsi, 

fibrinflatum and §.,_ l.!Hl.~ differ by 6 fixed inversions and 

by 19 floating inversions, 4 of which are related to sex 

determinati or. in §.,_ ~ning&. Sibling species was also 

revealed by the analysis of polytene chromosomil!s of five s. 

neornatiees populations 1Bedo,1984). These sibling species 

share a common standard polytene chromosome banding sequence 

which differ from Australian §.,_ ornatiP.es complex standard 

by fi\le fixed 

distinguished 

in\lersions. The neornatir.es species are 

f ro.rr each other by additional fixed 

in\lersions and differentiated sex chromosomes. It has been 

suggested from the study that the rearrangements themselves 

have no direct role in the speciation process of the group. 

The cytotaxonomy of §.,_ ~2.n.~·,l.~·auli and S~ s3ubrense 

has been described by Post 11986). It has been noted that 

chromosomal in\lersion 2L-7 is not only responsible to 

~eparate th~ Rbove named species. However, two newly 

recognised 

combination 

in\lersions IL-A and 2L-A can be used in 

to identify§.,_ sancti~·auli, .§_,_ soubrense and a 

new species .§_,_ soubrense B. Adler 11987) described the 

polytene chromosome of §.,_ loerchae Adler, a new species in 

the §.,_ \lernum grouJ>. The chromosome number is found to be 

n=3. It has a fixed in\lersion at lL -2 and posses~es a 
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primitive x0 v0 sex chromosome system and lacks autosomal 

rearrangement. It has been suggested that this species has 

been derived from the vernum standard by three inversions. 

Furthermore, a comparison of the polytene chrort.osomes of a._ 

furculatum and the £.,_ vernum standard revealed that the 

former does not belong to thE< §..,_ vernum species group 

<Hunter, ·1989). 

The study of the polytene chromosome banding patterns 

o·f 1·1 111embers of the §..,_ metallicum complex revealed that, 

as in other members of Sjmulium, the chrom~some compfem~n: 

consists of n=3 <Conn <?t al., ·1989). For chromosome 1, the 

puffed region followed by three he•vy bands in settion 12 

and 13 in the IS which serves ~o distinguish IS from IL. 

Arfus IS and lL may elso be separated by the banding patterns 

in their ends. Chromosomes II and III are characterised by 

standard land marks ; Balbiani ring and the double bubble in 

liS, parabalbiani and grey band in llL, the blister and the 

capsule in IllS and the basal marker in !IlL. Centromere 

regions in chrorr·oso.ne II and Ill of all 1T1err•bers of •,he S •. 

metallicum complex examined so far are rather bulbous and 

uniform in expression. Bands are discernible in the 

centromeres but they do not stain darkly. Construction of 

cytophylogeny separates the> 1·1 members of §..,_ metallicum 

complex into three lineages. Elsen and Post <1989) found a 

new subspecies within the Simulium damnosum complex an the 

basis o( an•lysis of rolytene chromosome and the larV3l 

morphology. It is named §..,_ <EdwardselllJml sguamcsurt! 

·17 



> 

+ 

kJtetm.§ . .!l. ssp.n. Chromosom'illy, it is most similar to §..,_ 

Lql.@!lliLWffi from which it differs by 3 new fixed inversions • 

Bec'o ( ·1989) studied the polytene banding patterns of §..... 

ruficorne populations from two islands and a continental 

Afric!3n locality. A standard map was prepared and compared 

with that of§..,_ ornati~·es-neornatipll species complex in 

Australia and New Caledonia shows striking similarities, 90X 

banding homology between the two standards and three shared 

inversions between the lineages further emphasised their 

similarity. These result corroborate a close taxonomic 

relationship between S.ruficorna and S.ornatipes. 

CHROMOSOMAL POLYMORPHISM IN SIMULIIDAE 

Many species of animals clppear to be cytologically 

monomorphic, while ~thers show various kinds of chromo,omal 

polymorhism. Dipteran polytene chromosome provide a high 

resolution system for the accurate and detailed study of 

chromosome polymorphism. Most investigators exploiting these 

chr-omosomes have examined rearrangements of ro lytene 

chromosome banding pattern resulting from inversions or less 

commonly translocation. However, with the availability of 

the stwining procedure, it is now possible to study band and 

nucleolar polymorphisms. 

The family Bimuliidae offers excellent oppo1·tunity for 

studies of this kind. Polymorphism for inversionsr 

interchanges and band width are established in populations 
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while their frequenci"!l fluctuate 

seasonally,altitudin~lly or geographically. They are 

considered to be essentially established or balanced 

<Rothfels, 1980). 

Interchanges 

j. Cases of natural interchange r,olymorphism are no•, known -· 
in blackflies '(Rothfels, 1980). However, in some populations 

of !;;.D..g_J'!hia l.s.~!J'!Oni CC\ <Norway> metaphase l of males reveal 

w~ole arm interchange of the n=2 chromosome, giving an 

is achiasmate and disJunction alternate (Rothfels, 1980>. 

Pericentric inversions 

Large peri centric inversions are not known as 

polymorphism in blackflies. Though some smaller autosomal 

ones are well docunoented in t.rosimulium rrdxturr, (Rothfels & 

Freeman, ·1977), small pericentric inversions are common as 

~ex jifferential segments and many of the~ exist as sex 

chromosome polymorphism. Small pericentric inversions were 

also reported in §_,_ ornatiJ;•es<Bedo,1977l. Such small 

pericentric inversions may be f~voured because crossing over 

with re!ultant duplication- deficien:y is minimal around the 

centromere which may be embedded in heterochromatin 

(Rothfels,1980l. 

Par-acentric inversions 

+ Parac.entri c inversion form the basir from which mos. 

' 
polymorphisms arise. It appears probable that paracentric 
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inversion ·polymorphism ma~ be long lived and survive one or 

more speciation events. They may be fixed in one line of 

descent and lost from another <Rothfels,1980l. A number of 

examples are on record regarding sharing of inversion 

polymorphisrro among sibling or related species;e.g., in §.,_ 

venusturn/verecundum (Rothfels ·et ll•, ·1978), §.... tuberosull). 

<Landau,1962l, §.... damnosum <Vajirroe and Dunbar,1975l and §.... 

(Bedo,1977l. A recently-studied <Rothfels,1980l 

interesting case is that of §.... vittatum distributed 

throughout North America, Greenland, Iceland and Farces. ln 

temperate North America two sibling species are 

recognised, IIIL-1 and IS-7, differing in their 

chromosome. The IIIL-1 sibling has males heterozygous for a 

Y-chromosome inversion <IIIL S/1), and females homozygous 

for the standard form <IIIL 8/Sl. The IS-7 males are 

heterozygous for a chromosome I inversion <1 S- S/7), with 

fem.ales homozygous for the inversion (7/7l. There are no 

fixed inversion differences between siblings, but very large 

numbers of autosomal inversion polymorphism, most of which 

are shared between siblings, at very different frequencies. 

In pure population of Ill L-1, the Y-chromosome typically 

has the inversion and the five particular autosomal inverted 

sequences are relatively infrequent, generally of the order 

of 20%. The lllL-1 sibling has been found in.Southern Canada 

from Guebec to Saskatchewan and in the north-eastern 

states, west to Wisco~sin and south to Louisiana. On the 

other hand, pure lS-7 sibling populations are characterized 
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by the IS-7 X-chromosome. In east~rn North America, this sex 

linkage may only be partial, while in the west~rn provinces 

sex linkage appears ta be complete and addition~! inversions 

may be superimposed both on 'X andY'. In eastern North 

America, all five types of autosomal inversions polymorphism 

are characterised by high ~reque~cies of the inverted 

sequences of the order of 60/. or more.The IS-7 sibliJ,g is 

distributed through southern Ontario, Michigan, 

Pennsylvania and west to British Columbia and Alaska. The 

two siblings are widely sympatric in Ontario, New York 

state, Michigan and Wisconsin, and frequently occur in the 

same stream or more ci~ less in synchrony and through several 

generations a year. Where they co-e>:ist, each sibling 

cytological integrity. Therefore, the inversion 

polymorphism may be 

others they have been lost. 

(Rothfels,19801 that paracentric 

populations while in 

It has De en 

inversions are 

·su9gested 

res~··:msible 

for most ·ar the ch~omosomal .r~structuring in Simuliidae. 

Furthermore, Dubovy and knoz <19821, concluded from the 

study of inversion polymorp~oism in Simulium §U:..9.Y.reatum t~oat 

the heterozygote 

important role 

environment. 

inversions IS 1,1L 3 and 111S 1 

in the adaptation to the 

play an 

changing 

While studying the polytene chromosome polymorp~ism in 

the sibling st•ecies of a.._ Qrnali~!.!L~. A, Bedo ( ·1979bl observed 

that the populations of this species can be separated into 

two groups A1 and A2. The chromosomal system of A1 and· A2. 



show distinct differences. A1 has a flexible system with 

high levels of polymorphism and geographic variation. By 

contrast A2 has a more rigid system with far less 

pol;~orphism and geograph1c variation. The results highlight 

different adaptive mechanism in two species. 

Nucleolar polymorphism 

Nucleolar organiser show heteromorphism for expression 

and rare secondary nucleoli are found on all chromosomes. 

Heterozygosity of nucleolar expression has often been 

reported in Simuliidae, although its frequency within a 

species is normally rare <Basrur, •1959; Dunbar,· ·1958, 

1959, ·196/; Procunier, 1975a; Ottonen, 1966; Rothfele a.1d 

Freeman, , 1966). A dark nucl~olar organi~er band replC4.ces 

the nucleolus in all case9. The s~condary nucleoli of s .. 

_prnali~·es A, with the exception of that in IllS, also appear 

to originate from heavilY. stained bands <Bedo, ·1977>. 

Secondary nucleoli which are also found in several other 

black fly species should be considered with the problem of 

diversity of main nucleolar sites in the Simuliidae. 

Characteristically, inversions are not 

involved in int~aspec:ific nucleolar It would 

appear, therefore, that a ./Ju 1 t i pl i city of potential 

nucleolar $ites may exist within the genome, one such site 

being dominant to the virtual exclusion of others in any 

given specie:; .. Secondary nucleoli are manifestations of 

incom;.:•let~ suppression of so;TLe of thase sites <E>edo, 1977) 
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or sometimes secondary nucleolus replaces the main one as 
~ 

found in ~usimulium 9..\!I~ <Dunbar, 1959) .Therefore, it has 

been suggested CBedo, 1977) that nucleolar polymorphism in 

differ~nt black fly species is ~ue to t~e multiplicity of 

s1tes 'or ribosomal genes and their selective amplification. 

STUDY OF POLYTENE CHRONOSOME IN SIMULI\!tl BY BANDING lECI{NIGUE 

Different banding technique. namely., C G - and G 

banding have been developed to study the lin.,ar 

differentiation of chromosomes. T~e development of C-band 

technique <Pardue and Gall, ·1970; Sumner, ·1972, Gallaghar et 

al., ·1973) by utilising Giemsa staining and development of G 

banding CCaspersson .!!.!. ll·, ·1969) by using fluorochromes 

are widely used for the identification of centr']meric 

region. It has been believed the C-banding procEdures 

reveal areas of constitutive heterochromatin <Arrighi £.1 

a 1 . , ·1970>. In Sirr!J!lil!l!! polytene chromosome consistently 

show C-banding of centromere regions, telomeres, nucleolar 

organiser and numerous interstitial sites CBedo, 1975bl. The 

interstitial C-banding sites correspond to morphologically 

single polyten~ band. Interstitial C-bands in ~ ornati~·e~ 

are scattered throughout the complement, in .§.._ 

melatum they are clustered. Mitotic chromosome of both 

species show a single centric C-band with indication of 

two weak interstitial bands in fi_.. _ornati~·es suggesting that 

many C-band regions detectable in polytene chromosome are 

not resolved by present tQchniquQ in mitotic chromosome. 

Cpntrary to current opinion that C-banding is diagnostic for 
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constitutive heterochromatin, the interstitial C-band sites 

of polytene chromosome are _regarded as e~ch~omatin. Howeve~. 

the heterochrorTratic pericrntric reg_ions of ·s. QL!l.S:l_'t:.,i_J2es are 

not C-banded. It ha5 been cuggested that polytene 

chromosomes of .El.imY.lium are promising systerr. for the 

elucidation of C-banding mechanism. Quinacrine fluorescence 

is also used to detect the centromeric regions of ganglion 

a-nd polytene chronrosomes of the sp<>cies of J!!.cti12es group 

<Bedo, 1975a ) • MoreoYer, in m;i;les of §_,._ .!2A.cti.~~A; X and Y 

chrorT Clsomes could be distinguished-from ~~ch other from 

their fluorescence characteristics. 

DNA REPLICATION IN THE POLYTENE CHROMOSOME OF ~IMULlUM 

Although considerable work has been carried out on the 

replication pattern of Dipteran polytene chromosome (Kalisch 

and Hlgele,1973, 1976 ~Hggele and Kalis~h. 1974 

19731 Gall et s_l., ·197·11 Lakhotia and Roy, ·1979 

; Higele, 

Lakhotia 

and Mukherjee, ·1970), lone atterTrpt has been made to ·study 

the repl i .:a.:.ion patt.,rn Jf polytene chromosome in Sil!!Y.l..i.JJ.!b 

QJ:JJ._§Itipes (Bedo, ·1982> since the polytene chromosome syst.?ITr 

of this species is rich in inversion polymorphisms, presence 

of amplified and supernumerary polymorphic band as well as 

all three chromosome pairs are c- band positive 

(Bedo,1975b,1977,1979a,bl. St.udy of the 

behaviour of the heterochromatic and C-banding 

replicati\'e 

regions of 

polytene chromosomes of ?~ RrDatiRes, using H3 and C 14 

thymidine shows that chromoscm~ synthLsi,s follows three 
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di5tinct phases namely. a short phase of initiation in puffs 

and interbands spreading to more condenGed regions~ a long 

continuous labeling phase and a di~continuously-labeiled end 

phase. Analysis of H3 tabeling patterns indicated that while 

heterochromatic bands replicate there is no clear 

correl•tion between heterochromatic or C-banding regions and 

Land replication time. The major characteristic sovernirg 

band replication time appears to be band siz~ and den,;ity. 

Howev~r. in some bands this rel•tionohip is modified, by DNA 

organisation, influ~ncing the efFiciency of replicons. The 

exic.tence of gre~t variability in homologous band 

replication time, even within a chromosome pair, indicates 

that the control of band replication is highly autonomous. 

Therefore, it has been suggested <Bedo,1982l that the 

po 1 ymo r phi srros at the molecular level determine this 

variation. 

organiser 

Moreo\Jer, replicative behaviour of nucleolar 

is some-what unul5ual in ~ .QJ::..!l..~ti~.!ll· The long 

replication time of active nucleolar organiser in contrast 

to the short replication of condensed inactive organisers is 

either due to the differential polytenisation of ribosomal 

DNA or due to the amplification of ribosomal DNA, by active 

nucleolar organiser <Beao,1982), However, further 

investiga~i~ns are desir~d in this direction. 

SIJPEP.NU~1ERARY CHRDI~OSDM~S IN SIP.UI..!!DAIZ 

In natural populations of cartain species of animals 

and plants the supernumerary chromosomes <B-chromosome) are 

present in some individuals but not in others. In some cases 
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the m~jority of popula~ion may carry ~upetnumeraries, while 

in other instances the frequency of individuals carrying 

them is very low. In animals, the B-chromosomes of classical 

type have been described in f~at worms <Melander,1950), 

snails <Evans, 1960>. Isopoda <Rocchi,1967), grasshop1--ers, 

scale. insects, Heteropteran_, Lepidopt-eran, beetles and in 

some Diptera <White,1973). In. piinuli idae, however, our 

knowledge· on the B~chroinosome is still inadequate. Procunier 

( 1975 b ) , reported the presence of B-chromosomes in CneQhia 

dacotems is In 

_qorealis, (Procun1er,·1982 al, the_B is large subnretac.entric 

chromosome and in polytenized state it is approximately 

one-third the· length C'f the liS arm. The same authot 

<P~ocunier;19~2 b) also observed the interdependwnce of B-

c h r omo·s orne s, nucleolar organiser expression and larval 

developirrent in the black fly species CneQhia dacotensis and 

_Cne~·hi·a _ornithoQhiiia. This system may account for tht> wider 

range and occupatiun of more diversi~ied habitats of the 

membe r·s of these-twr species, 

Mitotic ·s-C:hr-omoso·mes snialfer than th_e normal autosomes were 

also enc6untered in Simulium <Eusimulium) gracilis and 

Simulilll!! <Eusimuliumi _ghoomense_ <Dey and -W,.ngdi, 1984:. 

MEDICAL A~ID ECONOMIC IMPORTANCE OF BLACK FLIES 

Black flies are economically end medically important 

because of the blood sucking habits of the adult females of 

many species. behav i o·u r, 
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in]ection of saliva during ingestion of blood, and .their 

occasional large numbers the black flies can be detriment~! 

to animal production namely, weight }oss and 

dysfunctior <Freeden, 1977), ··de·crease in milk and .1gg 

production· (Jamn.bad:, ·1973; Steelman, 1976 ; Watts, 1976) '. 

~ermatitis and skin lesion• <Gr.fn•r, 1981); death due to 

toxemia and systemic shock <Watts, 1976 ; Steelman, 

Freeden, 1977); b~vine onchocerciasis <Watts, 

Steelman; .1976). and avi~n leucocytozoonosis <Watts, 

1976; 

·1976; 

1976; 

Snoddy and .Noblet, 1976; Fallis, 1980) to human health 

namely, dermatitiS, systemit reac~ion to bite <Jamn·back, 

•1973; Watts, 1976; Newson. ·1977) and human onchocerciasi•· 

<.Watts. -1976); an~ to recreational and agricultural land 

uSe; namely. nuisance and loss of tourist revenue ( l'le~·s on, 

1977; Mer~itt .and Newson, 1978>. decrea~e in work efficiency 

in f>eld and forest <Jamnback, ·1973; Watts. ·197.6>. 

It . has also ·been obser.ved that t·he black fly species 

.of Darjeeling and adjoining ~ill areas are seribus nuisance 

to local 

ulcetat.ion 

pbpulati.on. Their 

a·nd occasional fever 

biting habit results in 

<Black fly fever). Similar 

reports have also been received from Arunachal Pradesh and 

Assam regions of North East India. Of all the speCies 

invo·lved, §_,_ (Sl. himalaY.ense is specially responsible for 

caus.ing ann.oyance to human and cattle population• 

.aJ... ·1 985 > • 

<Das JtJ 

It is clear fro~ the foregoing review that the generic 

and specific identification of the members of th~ Simul•iidae 
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is very difficult. This difficulty is fu"rther compounded by 

the discovery of sibling specie& which are diagnosed on the 

basis of chromosomal cr1teria. IR~thfels, 1956). Several 

groups within different genera nave been studied extensively 

by the cytologi ~al rroethod IRothfels, ·1979). Therefore, th.e 

analysis of salivary gland chromosomes of j,ar-vae has 

contributed . significantly towards the evolutionarv and 

r-e·sear ch. 

about 

Simuliidae 

1270 species o·f 

fami 1 y· 

flies comprising o.f 

1Cro•skey,l981i. Of the•e, about sixteen species have. been 

reported fr·om Da1 j eel ing and adjoining hi 11 areas. 

1Datta,1973, 1974a,b, 1975; Datta and Pa(,1975). However, 

our knowledge on chromosome of Himalayan Sim~li.idae is still 

inadequate <Dey and W~ngdi,1984 ~.b>.Therefore,the prese~t 

work an the.study ~f salivary gl~nd chromosome of black 

.fl"ies from .Darjeeling and adjriin1ng ·hill a.rea will 

contribute significantly towards the understanding of the 

cytotaxonomy ~nd evolution of Simulium fauna of this region . 
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INTRODUCTION 

The modern work on the giant chromosome ot' the Diptera 

~aLes frbm the work of H•itz and Bauer ( ·1933) ' Painter 

(1933) and King and Beams, (1934), who Clearly interpreted· 

th~m as chromosomes, realised the significance of the b•nds 

and pointed out th~ir importante for detailed cytogenetic 

invest-igations. Polytene chromosomes have been extremely 

important in cytogenetics fo.r two main reasons. On the one 

' hand, ~tudies of their detailed structure and e~pecially of 

DNA repliction cycle and the puffing phenomenon have led to 

new- irisi~~ts on fundamental problem~ such as the natu.re and 

mode of action of genes. On the other hand, comparison of 

banding sequences of diffcrent_individuals, populations and 

species h~ve been of great significance in ths analysis, of 

evolutionary c:-togenetic processes as well as in 

cytotaxonomic work. Though considerable work has been 

carried out on the salivary gland chromosomes of different 

dipteran species <White, 19731, very little is known on the 

gi.ant chroir.osomes of Simuliidae. As in other dipterans, the 

giant salivary gland chromosome of black flies also provide 

a wealth of descriptive morphological detail of the 

charact•ristic expanded centromeric regions, in the locatio~ 

o~ specific nucleolar site, in the degree of pairing of 

homologue• and in the ultimate disc•rnible banding pattern. 

Though .detailed studies bf pol•ytene chroir.osomes of numer.ous 

Canadian and European species of Simuliidae have been 

carried out by Rothfels And Dunbar,(1953l: Rothfels, 
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<1956,1979,1980,1981); Dunbar (1958,1959,1965 and 1967> 

Bas·rur( 1959, ·1962) Rothfels an~ Basrur (1960); Landau 

<1962); Pasternak (1964); Carlsson <1966>; Ottonen (1966>; 

Rothfels and Narrobiar-(1981>; Proqanier (1987,1982 a,b l; 

Bedo <'1975 a,b, 1984 and 1989); Brockhouse <1985); Conn,et_,_ 

al., (·1989>, little is known on the chromosomes of Himalayan 

bl~ck tlies <Pey and Wangdi,1984 a,bl. Keeping these facts 

in vi~w.the present work l.as been undertaken by the author 

to study the polyten~ chromosome and to prepare th~ standard 

map· of each species which_will facilitate not only the 

identification of sibling species,but also will be helpful 

for cytotaxonomic study. In the present investigation the 

following five species of Himalayan black flies have been 

studied : 

1 • §i.!ToU 1 i um <Simulium> d•mtatum Pur i, 1932. 

2. Simulium <Simulium) singtamense Datta and Pal, 1975. 

3. Si_rroul iuno <Simul iurrol himalaY.ense Puri, 1932. 

4. Sinou 1 ium (Eusimuliuml .QraelargYJ!! Datta, ·1973. 

5. Simulium ( Eu s i nou 1 i u m) _ghoomense Datta,1975. 

Of these species, standard maps of both the sexes of 

only .§..... ..!.§_,_1 dentatum •oere p~epared. On the other hand 

standard map of only female was prepared in .§..... ..uh_l.. 

.singtarroense_ , §,. ..!.§_,_1 himalaY.ense and .§..... ~ ghoonoense. ln 

case of .§..... (E.) .Qraelargum, standard map of male sex was 

prepared. However, the ganglion chromosome of orily .§..... ..!.§_,_1 

himalaY.ense. and .§..... ~ .r-raelargYJ!! were studied • 

• 
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MATERIALS AND METHODS: 

Materi~ls 

The hill areas of Darjeeling district a part of Himalay.s, 

encompassing three hill sub divisions nam~lyi Darjeeling, 

Kurseong and Kalimpong. The total area of these three sub 

divi,ions is about 833 sq. miles. Darjeeling district is the 

northern most· district and th> smallest district of the 

state of West Bengal, India. It lies between 26" 31' and 27" 

13'North latitude anrl between 87" 59' and 88" 53' East 

longitude. Darjeeling is situated at an altitude of 2134 

meters, experiencing average rain fall of abput 320cm. The 

Darjeeling area is dotted with small natural sprin~s forming 

the ideal sites for black fly bre~ding <Plate 1,Flg.-1l. The. 

t·emperature during the summer ranges from 15"- !25"C; while 

in winter, minimum 1.5"C with occasional snow fall. The 

average humidity is 85X. The pen~ltimate larvae were mostly 

available during the month of June to November, when the 

temperature of water ranges from 15" to 20"C. 

The penultimate larvae of five species of Simuliidae 

constitute the material for present investigation. They were 

mainly collected from different streams bf Darjeeling arid 

adjoining hill areas during the period of June, 1986 to 

October, 1990. Tabl~ - 1 gives the classified list of 

species, ~lace of collection, date of cbllection, altitude, 

temperature of water, sex of the larvae and relative 

abundance. 
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. Table : 1 : List or Black 11)' species usod as oatericl with some associated ecological data 

Place or Date of Temp. of Altitude or Sex of Relative 
Collection Collection Water .at the collection the abundance 

Taxon the time site (in meter) specimen 
·collection 

( 'Cl 

Family : Simuliidae ' 
Sub Family : Si•lllliinae 
Tribe : Sio,uliini. 

i. Simulium !Simulium) Lebong 24:10:1989 15 1650 •ah & Abundant 
den tatum !Stream) le.lal e !15- 25 %) 

ii. Siouliuo !Simuliuol Victoria 17:10:1988 16 2132 female Rare 
sinota11ense Falls !below 5 7.1 

iii. Si~~t~lium !Simulium) Lebong 24:1011989 15 1650 female Dooinant 
l!i.!illyense !Stream) !over 25 7.1 

iv. Simulium ~ =~simulimr~) Happy Valley 01:08:1990 18 1500 r.a:Ie Abur.dant 
praelargum · !Stream) (15-257.) 

v. pilllllium \Eusit,uliu•l Victoria 17:10:1988 16 2132 female Rare 
ghooJJ•ense Falls \below 5 7.1 

All . the species were identified by the author himself by following the species identification key 
by Datta, 1973 , 1974a,b, 1975 , Datta and Pal , 1975 , 
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Methods : 

Coll~ctiori and fixation of larvae 

The penultimate instar larvae <Plate 1,Fig.-2l w,;,re 

collected from differeht small streams of Darjeeling and 

adjoining areas, using curved forceps and then kept immersed 

in water. They were then transferred to a plastic petridish. 

The white background helped to sort out the larvae with 

black respiratory histoblast present on either side of the 

larvae antero-laterally. Only the larvae with such developed 

hist.oblast which represents the advanced stage of 

development of larvae were collected. The immature larvae 

without such structure were thrown back to their habitat. 

Many methods were used for the purpose of fixation of larvae 

as per need and· all the procedures produced satisfactory 

results. They are as follows : 

Firstly, the collected larvae were placed on moist 

filter paper in petridishes. The covered petridishes were 

buried in crushed ice, allowing storage of larvae without 

deterioration of salivary gland chromosomes. The collections 

were readily transpor~ed to the laboratory for fixatiun and 

further processing. Intact larvae were fixed by plungin~ 

them into a f~eshly prepared acetic acid - alcohol mixture 

<one part acetic acid to three parts ethanol). The fixative 

was replaced after tw~ to three hours to compensate for 

dilution of the 01 iginal mixture by the larval body fluids. 

The via!s _were properly labeled with necessary ihformative 

data· su.ch as place of collection, date of collection, number 

the temperature of spring water. The vial 
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containing fi~ed specimens were stored in the. refrigerator 

until required for slide preparation. This procedure is most 

suitable when. the collections are made from a distant 

locations. 

Secondly, the larvae of desired instars may be 

collected along with water in short specimen jars with wide 

mouth. The ·live specimens were taken to ~he laboratory and 

were, taken cut of the container with the help of small 

painting brush. The larvae were then soaked in a blotting 

paper and fixed in freshly prepared acetc-alcchcl in a glass 

vial. They were then labelled and stored in a refrigerator. 

This procedure is followed only when the collections could 

be transport~d within half an hour to the laboratory. 

Thirdly, the larvae could also be fixed in the field 

directly in 70% ethanol. 

Moreover, the live specimens could be brought to the 

laboratory with minimum swing and disturbance and kept alive 

in water for few hours by supplying oxygen from aerator. 

Identification ·of' the collected Simul·ium l;;ar·vae: 

The fixed larvae 'were screened and identified on. the 

basis of diagnostic characters described by Datta 

(1973,1974a,b,1975>, Datta and Pal (1975>; like size and 

colour of the larvae, head spots on the cephalic apotcml, 

cephalic fan, antenna, postgenal cleft, hypc.s torroium, 

mandible, respiratory histoblast,rectal gills and anal 

* • .. sclerites. 
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Dissection of larvae 

The fixed final or penultimate in star lar-vae, 

recognised from the presence of well developed respiratory 

filaments of h-s~oblasts, were dissected in 95X ethanol 

under a dissecting binoc6lar microscope. The dissection was 

made with a pair of fine needles and a cataract blade·. The 

larvae were cut open ventrally to pick up the salivary 

glands. 

Temporary · chromosome praparation 

Polytene chromosome 

The pair of larval salivary gland,was dissected out 

from fixed larvae, and was placed on a grooved slide 

containing SOX ac~tic acid fo·r softening. After 1 to 2 

minutes, the glands were stained in 1 X orcein in equal 

parts of 25 X lactic and propionic acids, on a slide for. 

about 10 minutes. The glands should further be cleaned off 

the jelly-like content in 50 X acetic acid for better 

spreading of the chromosomes. The epithelial layer of the 

gland was restained for about 10 minutes. The stained 

epi~helium was transferred to a very clean slide on a drop 

of mixture of SOX lacti.c and propionic acids and squashed 

under the cover glass with thumb pressure and then sealed 

with nail polish or DPX mounting mejium. The slide was 

labelled and observed under compound microscope <Olympus). 

The. glands, squashed in a mixture of SOX lact~-propionic 

acids, looked fresh even after three months. On the other 

hand, th~ permanent preparations lacked clarity and always 
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tend to be destained, and· the chromosolroal morphology also 

tends to be distorted. Therefore, the chromosome studies 

were always made from the temporary preparations only. 

Mit~tic chromosome 

The penultimate instar larvae were treated with 0.25X 

of· colchicine f.Jr 2-3 hours. and then fixed in freshly 

prepared aceta-alcohol ·(·1:31 for 20 minutes. The neural 

ganglia were dissected out and then so.ftened with .50X ·acetic 

acid (depending on the condition of the gland). The glands 

were stained in 1X lacto-propionic- orcein for 30 minutes. 

The stained glands were squashed in a mixture of lactic acid 

and pro~ionic acid <1•11 under a cover glass with a gentle 

and uniform t~umb pressure. The slides were then sealed and 

Dbserved under microscope. 

Detection· of NOR: 

In all the species under present investigation, NOR is 

present in the interstitial region which could clearly be 

detected since in case of maximal expression a marked 

discontir.uity is produced in the chromosome which flares 

outward into the nucleolus disrupting the surrounding 

bandin•J pattern <Bade, 1979a; Procunier, 1982a,bl Rothfels 

et §.L.., 19781. 

Sexing of larvae 

The larvae, after dissecting out the salivary glands, 

were immediately sexed. The 95X alcohol in which the larvae 
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PLATE - ·1 

Fig. 1 : Showing one of the collection sites of Si~uliid 
larvae. 

Fig. 2 

Fig. 3 

Fig. 4 

Dorsal view of the Simuliid larva. 

One of the dissected out ovaries of female Simuliid 
larvae. CX3000 approx.) 

Pair of dissected out testes of male Simuliid 
larva. CX3000 approx). 
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were dissected was dripp~d off. They were then treated with 

a mixture of saturated aqueous solution. of Picric acid so 

cc, Acetic acid <50'l.l 20 c·c,Formalin <5%> 20 cc and 10 cc of 

Ethanol for two minutes. The slides containing larva was 

then placed on black background of the dissecting Binocular 

and the gonads ~ere located. This process of sexing of 

larvae was carried out along witn the conventional met~od 

of staining with Feulgen stain. Although the gonads are 

embedded deep in the fat body in the abdominal region, the 

chemical mixture used above automatically clears the fat and 

the whi~e gonads could be -~bserved against the bla~k 

background under Binocular without much effort. The ovaries 

were elongated <Plate 1,Fig.-3> and the testes looked 

round/oval <Plate 1,Fig.- 4l. 

Photomicrography 

The good plates were photographed with the help of 

Olympus PM6 Camera. Both slow speed 25 PSA ORWO and high 

speed 125 ASA ORWO black and white films were used. The 

negatives were developed by A902 fine grain develop~r. 

Printing, wa~ ~ade in glossy bromide paper <Agfal, using Agfa 

A901 paper developer. 

Pr•paration and Nomenclature o~ Polytene Chromosome Hap 

Conventions for mapping polytene chromosorr.es of 

Siniuliidae have been developed in. series of papers from the 
• 

laboratory of Professor K.H. Rothfels <Rothfels and Dunbar, 

·1953; Rothfels, 1956; Basrur,19591 Ounbar,1959>. A 
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comprehensive description of mapping and nomenclature is 

presented by Basrur (19,9) and this has largel~ been adhered 

_to by subsequent workers. The relevant conventions, together 

with some new terminology has been presented by Bedo 

which is being followed here. 

<19771 

Composite photographic maps were made,using photos from 

different chromosomes, showing each sections at its best. 

Only the best pieces of chromosomes were used so the 

composite picture displayed the whole chromosome at its 

best. This may require slight adjustment to magnification of 

its print used to achieve a good match with the next one in 

the composite. To find the total complement length CTCLI 

each individual chromosome was measured by following the 

method of Rothfels and Dunbar (19531. Flattened and evenly 

stretched chromosomes were outlined with a camera lucida and 

traced with malleable copper wire which was then 

straightened and measured on a stage micrometer scale 

reproduced under the same optical system. The length of all 

the chromosomes was added to get TCL and then fraction of 

this total for each individual chromosome was calculated to 

get its Yo TCL. The chromosomes were then numbered in 

descending order of length, using Roman numericals \1, II, 

!III. Long and short arms are indicated by the capital 

letter 'L' or 'S' written after the chromosome number IS, 

!IlL ~tc.>. The entire complement is divided into 100 major 

section£ and each chromosome is being assigned approximately 

the same number of sections as its percentage of total 
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complement length CX TCLl. The major sections are nunobered 

in Arabic numericals beginning at the tip of IS and r-unning 

through the centromere of chromosome I continuing through 

chromospmes II and III to the tip of IIIL. Each major 

se~tion is further subdivided into tw~ Gr three sections 

labelled .A, B or C in the same direction as major sec;t·ion 

numbering. Individual band can be specified by writing the 

section .number, subsection letter and the position of the 

bal"d wittoin the subsection. The chrom6somes have been 

di~played with the short arm to the left and long arm to the 

right. Along with photographic maps, hand drawing maps were 

also prepared to show the detailed banding pattern. 

In our account of polytene elements we have not described 

every band or indeed every major division, for in many cases 

they are adequately demarcated in the maps and figures. Our 

ai~ has been to present an overall picture of each arm and 

to :onceritrate attention at those features wh.ich make useful 

markers·. 

OBSERVATIONS 

As in most of the invastigated species of Simuliidae, all 

the five species studied here also revealed n=3 chromosemes. 

Mea'surements of the polytene complements are summarised in 

Table 2. 
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1~ble : Z : Measure~en~ of poly~ene cbroaoso1es of five species of Si~liidae • 

Nillle of the IS !L us l1L 111S 11IL 
sped eli 

X TCL of ar~s 19•« 21.33 14.28 15.34 13.<3 16.60 
S. !S.J dentatum 

X TCL of chrooosome 40.55 29.62 29.83 
!Female! 

Sees. Assigned per arm 20 zo 14 16 13 17 
Ar• ratio 1 1.14 1.3 

7. TCL of arms 21.70 2<.50 13.<3 18.ZZ 8.19 16.15 
p, IS. I singtamense 

r. TCL ,f chromosome 44.20 31.45 24.34 
!Female I 

Sees. Assigned per arm 22 Z3 13 18 8 16 
Ar• ratio 1.04 1.38 2.0 

7. 1CL of arms 20.1Z Z1.1b 11.81 18.80 10.09 18.02 
§,_ IS. I himi.layense 

7. TCL of chrooosome 41.28 30.b1 28.11 
!Female I I Sees, Assigned per arm 20 21 12 19 10 18 

Aro ra~io 1.05 1.58 1.8 

7. TCL of arms 19.93 19.97 13.37 19.41 11.70 15.62 
S. !E.J ~raelargum 

7. TCL of chro•osooe 39.90 32.78 27.32 
!Hale I· 

Sees. Assigned per aro 20 20 13 19 12 16 
Arm ratio 1 1.46 1.33 

:: TCL of arms 16.83 19.17 12.81 <3.09 9.97 18.03 
§,_ IE.J ghoomense 

. X TCL of chromosome 40.00 32.00 28.00 
!Female! 

Sees. Assigned per ar• 17 Z3 13 19 10 18 
Arm ratio 1.35 1.38 1.8 
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PLATE 2 

Figs. 5 - 6 : Standard photocomposite map and ·free hand 
pencil drawing of IS (sections 1 - 20) and !L (sections 21 
40) of g._ i.§_,_J_ dentatum female. Abbreviations us~d - C, 
Centromere~ NOR, Nucleolar Drganiser Region~ P, Puff. 
( X3000 approx.). 
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Family - Simuliidae 

Subfamily - Simul~inae 

Tribe - Simuliini 

Simulium <Simulium> den~a~um<female> Puri,19a2. 

This species revealed three single polytene chromosomes 

n=3, each one is tightly synapsed and having prominent 

centromeres. The percentage of'total complementary length of 

each chromosome arm is giVen in table i. The le11gth of the 

largest chromosomes was 40.55X of TCLt while II and III were 

29.62X and 29.83X respectively. The difference between II 

and Ill chromosomes was very less. The photocomposite map of 

each chromosome was prepared on the basis of sections 

as~igned per arm~ 

Chromosome I. This chr6mosome <Plate 2, Fig.5 & 6) is 

distinguished from other chromosome by its greater length, 

metacentric nature and the presence pf prominent nucleolar 

organiser region in the section 19 at the base of IS <Fig. 

5)~ In IS <Fig. 5) several characteristic landmarks provide 

useful aid for chromosomal analysis. The expression of the 

nucleolus is more or less same in all IS chromosome. Three 

heavy group of bands are present in section 17C/18A near the 

nucl~olus region. There is a puff in section 12. A prominent 

conrtriction in section 3 also provides a convenient marker 

for iden~ification of IS. section 7 tends to be somewhat 
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PLATE 3 

Figs. 7 8 : Standard photocomposite map and free hand 
pencil drawing of !IS (sections 41 - 541 and IIL (sections 
55 - 70) of .§_,_ 1.§_,_1 dentatum female. Abbreviations used - C, 
Centromere; P, Puff; PBR, Parabalbiani Ring and RB Ring of 
Balbiani. I X3000 approx. l. 
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smaller in diameter. A shield-like pattern in section 9 is 

also.a useful marker. 

The long arm <ILl <Piate 2, Fig.6l has prcpondl!rance of 

dark bands which wary considerably in thickness, textu~e and 
. ' . . 

grouping. A prominent homogeneously stained centromere is 

present in section 21A. Of particular importance are a 

series of bands in section 30/31, a prominent deeply stained 

band in the section 24C following unstained gap. There lies 

a glazed band in the section 388. 

Chromosome 11. This chromoso~e <Plate 3, Figs,7 & 8l is 

somewhat sho·rter than chromosome 1 and is metacent ric in 

nature. The centromere is prominent with a deep band at its 

center. 

Chromosome 118 is rich in morphological 

characteristics. The most striking being the 8albiani Ring 

near its tip in section 418. A large pale puff is found in 

section 42 next to a series of prominent bands in, the 

section 42A. 

In IlL the centromere (section 55) is characterised by 

tw~ deeply stained and some fine lightly stained bands 

<Plate 3, Fig. 8l. There is a glazed band in section 58C, 

followed by a constricted neck region in section 59A. Other 

marker band includes a dark band at 63A followed by a group 

of three prominent bands in section 65, while in section 648 

lies Parabalbiani. The tip of IlL is flared with a prominent 

band in the center. 

Chromosome Ill The higher arm ratio serves to 



PLATE - 4 

Fig. 9 : Standard photocomposite map and free hand pencil 
drawing of IIIS (sections 71- 831,IIIL (sections 84- 1001 
of j3._ J.P__...]_ dent~ female. Abbreviations used C, 
Centromere.CX3000 approx.l. 
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PLATE - 5 

Figs. 10 - 11 : Standard photocomposite map of IS (sections 
·1 - 20) and IL (sections 2·1 - 40) of .§.... .i§.,_l dentatum male. 
Abbreviations used - P, Puff; NOR, Nucleolar Organiser 
Region; C, Centrorrrere.CX3000 approx.l. 
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PLATE - 6 

Figs. 12 - 13 : Standard photocomposite map of liS <sections 
4·1 - 54> and IlL C sections 55 - 70) of .§.,_ ..L§....l. den tatum 
male. Abbreviations used - RB, Ring of Balbiani; P, Puff; C, 
Centromere and PBR, Parabalbiani Ring. CX3000 approx.>. 
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PLATE - 7 ~ 

Fig. 14 Standard photocomposite map of 1118 <sections 71 -
83), 111L (sections 84 - ·100) of §.... ~ dentatum male. 
Abbreviations used- C, Centromere. <X3000 approx. ), 
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distinguish chromosome Ill from chromosome II with which it 

shares a comparable length. Promineht groups of bands 

intersp~rsed along both IllS and Ill L <Plate 4,Fig.9l. This 

chromosome is metacentric but the centromere is not as 

prominent es observed in other two chromosomes. Tip of lllS 

(section 71) is provided with fine and very light thread 

like bands. There is a group of deeply stained bands in the 

sections - 77, 78 and 79 followed by a bulge in the section 

80. The centromere is provided with light.and deeply stained 

bands in •ection 84. Centromeric region is also asyn~psed 

while rest of the chromosome is tightly synapsed. 

The long arm, !IlL is also characterised by some 

prominent canding group. A group of dark bands are present 

in the section 87 followed by a seri~s of paired bands in 

sections 92 and 93. There is a prominent constriction in 

the section 95A. The tip of !IlL (section 100) is bulbous 

and very lightly stained. 

Simulium (Simulium.) dentatum <Male) Puri, 1932 

In male §L. <S. l dentatum <Plates, 5-7 Figs.10-14l, the 

chromosome number was found to be n•3, as observed in female 

~entatum. The general morphology, characteristic landmarks 

and banding patterns are similar in both male and female. 

However, sex specific bands or inversions wera not 

encountered in any of the male individuals so far studied. 

Comment The haploid count, the general banding pattern and 

r.haracteristic landmarks of all the three polytene 
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chromosomes of.§.... ..uL...l. dentatum agree with those of other 

~imulium· species, as reported by other workers CBedo, 1975; 

Rothfels et al.,1978; Rothfels and Dunbar, 1953 and Gordon, 

1984). A comparison of banding patterns of male and female 

individuals of .§..._ ..uL...l. deniatum did not reveal any 

remarkable differences, such as differen~e in banding 

pattern, presence or absence of inversions. Furthermore, the 

present study did not reveal any sex specific locus or sex 

chromosome either in male or •emale individuals, though 

.several workers CBedci, 1975 , 1976, 1989; Rothfels ll AL....... 

1978; Gordon, 1984; Post, 1985; Elsen and Post, 1989) 

reported the presence of sex specific inversions or bands in 

diff~rent species of Simulium. 

Family ~ Simuliidae 

Subfamily - Simuliinae 

Tribe - Simuliini 

Simulium <Simulium.> singtamenseCFemale),Datta and Pal,1975 

As in .§.... ..uL...l. dentatum, this species also· revealed 

three polytene chromosomes each one is tightly synapsed and 

very prominent centromeres are present in all the three 

chromosorr1es. The percentage 00 of total complementary 

length of eac', chromosome arm is given in Table-2. The 

length of the longest •chro~osome was 44.20 X of TCL, while 

II and Ill chromosomes were 3·1.45 X and Z4.34X respectively. 

Therefore, there is remarkable difference between the length 
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PLATE - 8 

Figs. 15 - 16 : Standard photcomposite map and free hand 
pencil drawing of IS (sections 1 - 221 and IL (sections 23 
451 of B..._ ~ ,?ingtamense female. Abbreviations used - P, 
Puff~ C, Centromere. CX3000 approx.l. 
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of all three chromosomes. Photocomposite and 

maps of each chromosome ·..,ere prepared on 

sections assigned per arm. 

hand 

the 

dra..,ing 

basis of 

Chromosome I: This chromoso~e <Plate 8, Figs.15 and 16) 

is readily recognised by its greater length and central 

position of its centromere. Numerbus cha~acteristic· 

landmarks provide useful aid for the identification of this 

ch romo.some. 

The lS is more or less equal in diameter throughout its 

length. Ho..,ever, a distinctive constriction is present in 

section 8 

throughout 

Deepl.y stained banding groups are 

its length. Of these, a grou~ of dark 

present 

bands in 

the sections <2-5) follo..,ed by another group of dark bands 

<7B-10l serve dS an import~nt reference point. There is a 

puff in section 14 folro..,ed by a region of dark bands. 

The long arm (Fig.16) also have the preponderance of 

dark b~nds as in IS. This arm is also endo..,ed "'ith specific 

characters useful as landmarks. There is a large bulbous 

c~ntromere in the section 23, and is provided "'ith some 

irr~gular thick centromeric bands at t ... o ends. A prominent 

dark band in 26A is follo..,ed by a series of bands, extending 

from 268 to 30A. There is a shield-like pattern in section 

34, "'hile a distinctive constriction in 36A provides a 

convenient marker for the mid point of IL. There lies a 

lightly stained bulge in sections 41-42A. A group of three 

heavy bands is present in. section 43B,C and 44A. The tip of 

IL is characterised by a group of lightly stained fine 
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PLATE - 9 

Figs. 16 - 17 : Standard photocomposite map and free hand 
pencil drawing of !IS (sections 46 - 58) and IIL (sections 
59 - 76) of -~ ~ singtam~~ female. Abbreviations used 
RB, Ring of Balbianil P. Puff; C, Centromere. <X3000 
approx.l. 
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PLATE - ·10 

Figs. 19 - 20 : Standard ·photocomposite map and free hand 
pencil drawing of IllS <sections 77 - 84> and IIIL <sections 
85 - 100) of B..._~ singtamense female. Abbreviations used 
- C, Centromere; NOR, Nulcleolar Organiser Rigion. <X3000 
approx.). 
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bands. 

Chromosome 11 : The chromosome !1 <Plate 9, Figs. 17 & 

f8l is somewhat shorter than ch~omosome I, metacentric in 

nature and is rich in morphological characteristics. 

The most striking featyre of llS <Fig.17l is the 

presence of Balbiani Ring near its tip in section 47. A 

large pale puff is found in section 52 next to a ~eries of 

prominent dark bands in sections 50C - 52A. Other important 

characters include a group of dark bands in sections 54-55 

A,B of which a large band in 55A serves as an- important 

reference ~oint. Mo~eover, the terminal ehd of liS is 

provided with very fine lightly stained bands (section 46). 

A promine~t centromere is pr~sent in section 59 of IlL 

<Fig. 18). The banding group includes a series of dark bands 

in sections 70 - 73. Terminal end (section 76) of this arm 

is lightly st•ined and without any distinguishing bands. 

Howevert in 759, a dark lbng band .serves as an important 

reference point. 

Chromosome Ill Chromosome Ill <Plate 10, Figs.19,20). 

could be demarcated from other two chromosomes by its 

smaller length. But unlike chrpmosome 1 and chromosome 11, 

the centromere is submedian in position in this chromosome. 

However, as in other two chromosomes, the centromere is 

large and prominent. This chromosome is also endowed with 

many specific bands useful as l~ndmarks. (Plate 10, Figs. 19 

and 20>. The tip of IllS <Fig. 19.section 77> is flared to 

some extent and is provided with a dark band <77Bl in the 
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midst of the numerous lightly stained fine bands. A group of 

four dark bands is present at the base of the flared end in 

section 78. 

The I!IL 1Fig.20l is also provided with numerous 

landmarks. There is a large prominent centromere in section 

85A, devoid of any remarkable bands.· "The centromere is 

fcillowed by .four large bands ih 858. There is a prominent 

·nucleolar organiser re9'ion in sect.ion 86. Just near NOR a 

group of fine bands is present in section 878 and 88A. A 

bulge is encountered in 93B. Other characteristic band group 

include a group of dark bands in section 95-98A. At the tip 

of this arm, there are two deep bands in section 100A,B. 

Comments the haploid count, the general banding pattern and 

characte.ristic landmarks of all thre·e chromosomes of Ji,_ 

-~~ .EJ..n.gtamense, agree broad 1 y with those of other Simu 1 ium 

species reported earlier by BQdO 11975a, 1976,1977) and 

Rothfels and Dunbar 1'1953). However, .§.... i.§.....l singtamense 

differs from its. cong~ne.ric species .§.... <S.l dentatum by the 

pyesence of a subn.etacentric third chromoson.e while in .§.... 

.!..§L.l dentatum it is metacentric. There is snarp difference 

"in length among all three chromosomes of .§.... i.§.....l ~gtamense 

though in S.Ui,_l dentatum the difference is less prominent 

among the three chromosomes.Moreover, NOR, which is present 

in IS in S. UhJ_ dentatum is present in IIIL in .2..,_. <S. >. 

singtamense. However, in both the cases, the g~neral banding 

pattern of centromere. Neverthodess, the general banding 
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PLATE - 11 

Figs. 21a : Mitotic metaphase plate from neural ganglion 
cells of~~ himalaY.ense female. (X2500 approx.l. 

Figs. 21b - 22 Standard photocomposite map and free hand 
pencil drawing of IS (sections 1 - 20) and IL (sections 21 
41 > of ~ <S. > _/:limalaY.ense female. Abbreviations used - P, 
Puff; C, Centromere. <X3000 approx.). 



·• " 

·, 

7 8 9 
__ .:. ~-::'~~·-. .; ., . 



--· 

pattern. of both the species is found to be more or less 

similar. 

Family - Simuliidae 

Subfamily - Simuliinae 

Tribe - Simuliin~ 

Simulium (Simulium> himalayense (Female> Puri,1932 

Neuroblast metaphase cells <Plate 11,Fig.21a) revealed 

normal Simuliid complement of three pairs of chromosomes 

C2n•6l. Of these, chromosome I and chromosome Il are 

metacentric while chromosome III is submetacentric. 

Measurement of the mitotic chromosomes is given in the Table 

3. 

Table : 3 : Mitotic Chrooosoae measurements of two specie' of Himalayan black flies, 

Hean length C~ml Total Aro Centromeric 
Hase of the Chroaosooe S.E.K. C±l length Ratio index Relative Naturo of 
species nuober %length chro1oso•e 

Short Long IS + ll rcl/s i 
ara arm 

I 2.31 2.7 5.01 ~ .17 46.2 45.58 Nearly 
0.01 0.14 ••dian CHl 

SiiiUliuo . .,. !Sia~liuml ll 1.2 1.87 3.07 1.55 39.00 27 .'13 ~early 

hloal.ayense 0.32 0,03 oedi;m !HI 

Ill 1.04 1.87 2.91 1.79 26.3 26.47 Nearly sub-
0.01 0.06 oedian CSI!l 

l 2.39 2.6 4.99 1.08 47.89 42,87 Nearly 
0.05 0.29 oedian CHl 

Siauliuo 
!Eusiroliuol ll 1.35 2.18 3,53 1.61 38.24 30.32 Nearly 
praelargum 0.16 0,04 aedian CHl 

Ill 1.04 2.08 3.12 2.00 33.34 26,87 Nearly 
0.01 0.10 submedian 

ISKl 
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This'species also showed three polytene chromosomes <n=3l 

each one is tightly paired,and identifiable centromeres are 

present in all the three chromosomes. The measurement of the 

polytene chromosomes is summarised in the Table 2. The 

length of the longest chromosome was 41.2BX of TCL while 

second and third chromosomes measured 30.61X and 28.11X 

respectively. Therefore, individual chromosomes could be 

demarcated on the basis of their total length. The 

photocomposite maps of each chromosome were prepared on the 

basis of sections assigned per arm. 

C!)romos·ome 1 :This chromosome <Plate 11, Figs.21b,2.2l 

i~ distinguished by its greater length and median 

centromere. The short arm (lSl <Fig.21bl is divided into 20 

sections. The terminal end (Section 1) showed some fine 

bands and one heavy band in ·1C. A puff ~o~as encountered in 

section 2B, follo~o~ed by dark heavy band in 4A. Other 

identifying landmarks include a capsule in Section 10,a pale 

puff in section 13A. A marker region consists of a group of 

5 darkly stained bands in Sections 16 and 17. 

ln the long arm <ILl (Fig.22l, centromere is present in 

the Sec~ion 21 and is characterised by dark stained zones at 

its t~o~o ends, ~o~hile the center is lightly stained. ln some 

individuals, in good preparation, some fine bands were seen 

in the region 22-23. Other distinguishing landmarks include 

a heavy band in Section 24C, a glazed band in section 30, a 

large pale puff in 32 and a group of four bands in sections 

38-39A follo~o~ed by a smaller puff in Section 39B. Some 
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PLATE - 12 

Figs. 23 - 24 : Standard photocomposite map and free hand 
pencil drawing of 118 (sections 42 - 53) and IlL (sections 
54 - 72> of .§.... .i.§.,J_ himala.)1ens_g female. Abbreviations used 
RB, Ring of Balbiani1 P, Puff1 C, Centromere. <X3000 
approx. ) . 
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PLATE - 13 

Figs. 25 - 26 : Standard photocomposite map and free hand 
pencil drawing of !!IS (sections 73 - 82) and IIIL (sections 
83 - 100) of _?_,_ _{_§....l himala.Y.ense female. Abbreviations used 
- C, Centromere; NOR, Nucleolar Organiser Rigion; P, Puff; 
PBR, Parabalbiani Ring. (X3000 approx.l. 
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lightly stained bands were encountered in the tip of IL in 

Section 41. 

Chromosome ll: Chromosorne II (Pla·te 12,Figs.23,24) is 

somewhat shorter than chromosome I. It is metacentric in 

nature with a prominent centromere and is distinguished by 

the presence of Balbiani Ring. The short arm (liS> <Fig.23l 

is characterised by the presence of a B?lbiani Ring in 

Section 43 followed by a pale puff in Section 44, 

centromeric landmarks include a dark band in section 45C and 

a. pair .of heavy dark bands in 471:\. Pale puffs are al!>o found 

in Sections 49 and 51. 

The long a1 rr, <IlL) <Fig.24l is subdivided into 19 

Sections. The prominent centromere is easily identifiable in 

Section 54. It is characterised by a sharp band at two ends 

and granular deeply Gtained central region. Othe·r 

charact~~istics include a group of fine post centric bands 

in section 55A, and preponderance of heavy bands throughout 

the length of the chro~osome. The terminal end (Se~tion 72) 

is flared and lightly stained, showing fine bands in some 

good preparations • 

Chromosome Ill: The smaller length and submedian 

centromere serve to distinguish chromosome l~I <Plate 

13,Figs. 25,26> from other two chromosomes. This chromosome 

is characterised by the presence of nucleolar organising 

region. The short arm <IllS> CFig.25l is divided inlo 10 

sections and is characterised by the presence of a group of 

dark bands. in Section 75, a group of heavy bands in 78 and a 
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PLATE - ·14 

Fig. 27a : Neural ganglion mitotic metaphase plate of .e... 
iLl. .P rae 1 a r 91!.!!!. ma 1 e • ( X2500 J • 

Figs. 27b - 28 : Standard photocomposite map and free hand 
pencil drawing of IS (sections 1 - 20) and IlL (sections 21 
- 40J of .e...~ .P-raelargum male. Abbreviations used - C, 
Centromere; NOR, Nucleolar Organiser Region; P, Puff. <X3000 appro:< .. ). 
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bulge in section-80. On the other hand, the long arm Cll!Ll 

CFig.26l i~ divided into 18 sections and centro~ere is 

present in ·section 83. The centromeric region is 

homogeneously stained withou~ any characteri~tic band. 

Important landmarks,include nucleolar organiser in section 

87, pale puffs in 91 and 92·, Parabalbiani in 93C and one 

heavy band each in sections 98A and 99A. 

Comment: The diploid count and the general banding pattern 

of §_.._ CS.l himalaY.ense is in accordance with those of its 

congeneric species. namely,S •. ..t§..l. dentatum and §_.._ ..t§..l. 

singt~mense. Howjver, it differs from its congeneric species . . 

in the location of important landmarks such as BR, PBR, NOR 

etc.,on the polytene chromosomes. 

Family - Simuliidae 

Subfamily - Bimuliinae 

Tribe - Simuliini 

Simulium CEusimulium) praelarqum <male! Datta, 1973 

Neuroblast metaphase cells ·cPlate - 14, Fig.27al rev.eal ed 

normal black fly complement of three pairs of chromosomes. 

Of these, first and second chromosomes are metacentric while 

the third one is submetacentric. Measurement of the mitotic 

chromosomes is given in Table 3. The secorid and third 

chromosome could be demarcated on the basis of their arm 

·-. 
ratios, though the difference between their length was very 

little. As in other black flies, this species also revealed 



• 

three polytene chromosorc.es eath one i.s tightly paired and 

identifiable cent rome res are present in all three 

·chromosomes. The percentage of TCL of each chromosome arm is 

presented in Table 2. The length of the largest chro~osome 

was 39.90 X of TCL, while II and Ill chromosomes measured 

32.78 and 27.32 X, respectively. Therefore, individual 

chromosome could be demarcated on the basis of their total 

length. The standard map of each chromosomes was prepared on 

the basis of the sections assigned per arm. 

Chromosome I: This chromosome is distinguished by its 

greater length, median centromere and the presence of 

nucleolar organising region <Plate 14, Figs, 27b,28l. 

The sho~t arm IS <Fig. 27bl is divided into 20 sections 

of which section 1 is lightly staining ~nd no distinguishing 

bands were encountered. However, a series of dark bands in 

the sections 3B-7A and ·17-·18 serve as an im>•Ortant reference 

point. Other characteristic features of this chromosome 

include a s~all pale puff in section 7B followed by another 

large puff in section 88, _There is a distinctiv~ 

constriction in the section 119. 

The long arm <ILl <Fig.28l is also divided into 20 

sections. Centromere in the section 21A,B is remarkable by 

the pr•sence of two pairs of bands at its two ends, 

which, the bands or 21B are more prominent. However, 

of 

the 

centromeric region (21Al does not have any defined 

centromere bands. A nucleolus of variable expression is 

always produced by the organising region in section 22 and 
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PLATE - 15 

Figs. 29 - 30 : Standard photocomposite map and free hand 
pencil drawing of !IS <sections 41 - 53) and IIL <sections 
54 - 72l of §., .. JJLj_ _praelargyJ!! male. Abbreviations used - C, 
Centromere; PBR, Parabalbiani Ring; P, Puff; RB, Ring of 
Balbiani. <X3000 approx.>. 
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it has typical irregular appearance. The remarkable banding 

groups include a group of three deeply stained bands in the 

sections E4A,B, bulge in section 24C, a marker band in 25C 

and a shield-like pattern in section 29. A neck/constri~tion 

is also encountered in section 32A followed by two pale 

puffs: a smaller one in section 348 while the larger one is 

present in the section 35A. The tip of the IL (section 40) 

is diffus~y stained and is devoid of any remarkable banding 

pattern. However, a sharp band in the section 40A serves as 

an important landmark to identify the terminal end of IL. 

Chromosome II : The chromosome II <Plate 15, Figs. 

29,30) is somewhat shorter than chromosome 1 and is 

metacentric in nature. This chromosome is distinguished by 

the presenc8 of Balbiani Ring in s~ction 458. The short arm 

CliSI CFig.291 is rich in morphological characteristics. 01 

particular importance are the presence of two groups of 

bands designated as group 1 and group 11 in the sections 41C 

43A and 528 - 53 respectively. A constriction is present 

in the middle of the liS <section 48AI which is followed by 

a pale pu(f in the section 488, There is a marker band in 

the section .52A and the terminal end of 118 could be 

identified by its bell shaped appearance. This end is 

remarkably characterised by a deeply stained solitary band 

in section 418, while the other bands in section 41A are 

lightly stained and only identifiable in good. preparations. 

The long arm CIILI CFig.301 is subdivided into 19 

sections •. The centromere is characterized by a deeply 
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PLATE - ·16 

Figs. 31 - 32 : Standard photocomposite map and free hand 
pencil drawing of IIIS (sections 73 - 84) and IIIL (sections 
85 - ·100) of ,e..,.~ .P-raelargum male. Abbreviations used 
P, Puff; C, Centromere; PBR, Parabalbiani Ring. (X3000 
appro>:.>. 
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stained band in •ection 54A,8,which is followed closely by a 

group of fine lightly ,stainir•g post centromeric bands in 

sections 54C and 5~. Other identification points include a 

Parabalbiani iri section 578, a group of three heavy bands in 

section 58. There is a dark band marker in section 59A which 

serves as an important reference point. The terminal end is 

broad, lightly stained and characterised by two dtstinct 

bands in section 72. 

Chromosome III The smaller length and.the submedian 

position of centromere served to distinguish the chromosome 

Ill (Plate ·16, Figs,31,32l from other two chromosomes. 

However, unlike other two chromosomes,the centromere in this 

chromosome is not very prominent (section 85Al. 

The short arm ,<Il!Sl <Fig. 31) is divided into 12 

secti'ons and is endowed with ren.arkable identifying 

characterisLics. The club shaped terminal end, which is 

encountered in all the individuals studied <section 73>, 

provides useful aid for chromosome identification. Other 

remarkable features include two darkly stained marker bands 

in section 75, a group of three bands in section 78, a ,large 

marker band in section 798 and another marker in 81A. A pale 

puff in section 768 and a constriction in 82A a.lso serve as 

im'portant identifying character. 

The long arm (!!Ill <Fig.32l is also endowed with many 

characters which serves as useful aids for chromosome 

analysis. This arm is subdivid~d i.nto ·16 sections. 

Centrornet-e <85) is characterised by a darkly stained band. 
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However, it is not so clearly defined in all the individual 

of this species so far studied. Remarkable banding groups 

include a group of dark bands in the sections 86 and 87A 

followed by Parabalbiani in section 89A. There is a· single 

marker band each in sections 968 and 100A. The terminal end 

is diffused without any specialised distinguished 

characters. 

COMMENT• The diploid count of §... J..S....l ,praelargum mo.le and 

general banding pattern agree well with its congeneric 

species,§... 1.?.....2. dentatuno,§.._ .1§_,_2. singtamense and §... (S.) 

himal•xense. However, it differs from the congeneric species 

in the position of centromeres in the chromosomes, 

of Balbiani Ring , position of Parabalbiani and the position 

of NOR. 

Simulium 

Family - Simuliidae 

Subfamily - Simuliinae 

Tribe - Simuliini 

<Eusimulium> qhoomense <Female> Datta, 1975 

This species also revealed three polyten~ chromosomes n•3, 

each one is tightly synapsed with median and submedian 

centromeres. The ~ of total complementary length of each 

chromosome arm is given in the Table 2. The length of the 

largest chromosome was 40.00 ~ of total complementary length 

while that of II and Ill were 32.00 X and 28.00 X 

respectively. However, the difference between II and III was 

very less. The standard map of each chromosome was prepared 
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PLATE - '17 

Figs. 33- 34a : Standard photocomposite rrrap and free hand ~ 

pencil drawing of IS <sections 1 - 171 and IL (sections 18 
401 of .!:h.~ _ghoomense female. Abbreviations used - P, 
Puff~ NOR, Nucleolar Organiser Region~ C, Centromere. IX3000 
approx. I. 

Fig. 34b : Standard photocomposite map and free hand pencil 
drawing of IL (sections 30 - 401 representing the normal 
segment of the chromosome arm of §_,_ ~ _ghoomense female. 
IX3000 approx.l. 
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on the bas•• of sections assigned per arm. 

Chromosome .1: This chron.osome (Plate 17,Figs. 33 

,34a,bl is distinguished from other t~o chromosomes by its 

greater length,metacentric nature and by the presence of a 

prominent nucleolar organiser in th~ section 21 of lL. 

In the short Arm <ISI <Fig.33l, several characteristic 

landmarks provide useful aids for chromosomal analysis. The 

IS is divided into 17 sections. The terminal end of IS 

<Section 11 was lightly stained and did not possess any 

definite shape. A darkly stained band was encountered in the 

section 2B. There are two groups of darkly stained bands,one 

group in sections 8-9, while the other in 13. There are two 

pale puffs in section 14. 

The long arm <ILl <Fig.34a,bl,is subdivided into 23 

sections. The centromere (section 181 is irregularly stained 

expanded region which is dPvoid of sharp centromere bands. 

There is a dark marker band in the section 19A followed by a 

nucleolar organiser region in 21. Near nucleolar organiser 

region there is a group of three darkly stained bands in 

section 22 which serves as important landmark. There is a 

bulge in 23A followed by a series of dark bands in sections 

24,25 and 26. There are two large puffs one each in 29A and 

30A. interspersed by series of fine dark bands. In some 

individuals of this species, paracentric inversion were 

encountered, encompassing the sections 32-36 <Fig.34bl. 

However,the frequency of this inversion was not estimated. 

Tip. of IL (Sec.40) did not reveal any remarkable bands. 
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PLATE - ·18 

Figs. 35 - 36 : Standard photocomposite map and free hand 
pencil drawing of liS (sections 41 - 531 and IlL (sections 
54 - 72) of §_,_ J..£....2. ,ghoomense female. Abbreviations used -
C, Centromere; P, Puff; PBR, Parabalbiani Ring; RB, Ring of 
Balbiani. CX3000 approx.). 
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PLATE - ·19 

Figs. 37 - 38 : Standard photocomposite map and free hand · 
pencil drawing of IllS (sections 73 - 82> and !IlL (sections 
83 - ·100) of §..... J..g_,__l ghoomense female. Abbreviations used 
P, Puff; C, Centromere. <X3000 appro>:.). 
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. Chromosome ~I; This chromosome <Plate 18,Figs 35,361 

is somewhat shorter than chromosome I ,meta~entric in nature 

and is distinguished by the Ring of Balbiani • 
• 

The sho·rt arrro Cl!S) 1Fig.:35) is rich in morphological 

characters and is·divided into 13 secti6ns.·The terminal end 

of liS was homogeneously stained and .w"ithout. any de.ftnite 

shape. Thefe i• a Ring of Balbiani in section 45A, followed 

by a large pale puff in 46A. Balhiani iun·g and the puf-fs are 

i~terspersed by only few bands. There is a neck almost in 

the middle of liS in 48A, .a large m~rker band is . presentin 

51A a~d deep het~rochromatic block in 51C. 

The chromosome IlL 1Fig.36l is further·subdivided into 

I~ 
1q sections. There is a diffusedly stained centromere in 

section 54. There is a series of sharp bands in sections 

55-57A. There are two small puffs one e.ach in sections 59B 

and 61C separated by a group of dark bands. Other 

characteristic landmarks include three bands in section 

66A,B, a Parabalbiani ring in 69 and a distinctive neck in 

section 70. The ~erminal end (section 72) is lightly stained 

,,.. and is provided with two pairs of bands. 

Chromosome 111: <Plate ·19,Figs.37,38l This chromosome 

is the shortest of all the three chromosomes and is 

submetacentric in nature. The chromosome IllS (Fig, 37l is 

subdivided into 10 sections and is chara~terised by the 

presence of two pale puffs one each in sections 78B and 79B, 

separated . from each other by two dark bands. On the other 

hand,lliL 1Fig.38l is subdivided into 18 sections. The 
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centromere in section 83 is tharacterised by a ~rominent 

dark band. There is a series of dark bands in sections 94 

~nd 95. The terminal end (section 100) of this chrom~some is 

diffused •n n•ture while in good preparations some fine 

bands were encountered. 

Comment: The diploid count of §_,_ .lL.L ,qhoomense ferroale and 
+ 

the general banding pattern is in accordance with its 

congeneric species §_,_ .lL.L .P-raelargum,§..._ 1.§.....1 dentatum, and 

There is 

prepof'!derance of ~·uffs as observed in §..._ .lL.L .P-raelargurro. It 

differs from other species in the location of NOR, 

centromere, Parabalbiani and Balbiani Ring. 
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Fig. A • Idiograrr.s of' .§_._ J.B...l dentatum , .§_._ <S. > singtarnense, 
.§_._ (S.) himala,Y.ense , .§_._ lE. > .RraelargJm! and .§_._ <E.) Jt 
_ghoomense based on relative ~·ercentage length of' chromosomes. 
C - centromere; F - flared end; NO - nucleolar organiser; RB 
- ring of Balbiani. 
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