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        CHAPTER 6 
_______________________________________________________  

 

Results 

 

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

al., 2014 

 

The working specimens of Simulium (Nevermannia) praelargum 

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

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

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

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

specimen were collected from Happy Valley, one km north from 

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

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

location at Sonada, approximately 17 km south from Darjeeling 

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

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

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

Sonada (Table I).  

 

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

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

from different spots within the latitude and longitude mentioned 

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

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

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

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

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

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

feuerborni group described. Simulium (Nevermannia) praelargum 

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

present in Simulium (Nevermannia) praelargum-st. 

Table I: Collection data for Simulium (Nevermannia) 

praelargum “IIIL-1.2” from Darjeeling area, West 

Bengal, India. 

 
Location 

 

Collection 

Date 

Latitude Longitude Number of 

males: females 

analyzed 

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

Dali 23/11/2008 " " 8:9 

Dali 30/11/2008 " " 4:3 

Dali 02/08/2009 " " 10:12 

Dali 09/08/2009 " " 2:1 

Dali 16/08/2009 " " 9:5 

Dali 23/08/2009 " " 9:2 

Happy 

Valley 

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

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

 

Total 

57 males:43 

females  

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

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

 

 

 

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

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

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

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

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

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

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

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

6.1.1. A.     Mitotic chromosomes 

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

distinct chromosomes.  The chromosomes seemed to be fully 

condensed. Centromeres were identified as clear, transparent, non 

staining zone between the chromosomal arms. The three pairs of 

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

on its sharp variable lengths as shown in the karyotype and 

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

species investigated). 

 

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

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

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

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

chromosome I was designated to be metacentric.  

Chromosome II was also readily distinguishable by its length which 

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

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

and centromeric index of 45.17. Chromosome II was designated as 

metacentric.  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

respectively. 
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Table III: Mitotic Chromosome measurement Simulium 

(Nevermannia) praelargum “IIIL- 1.2”. 

 

 

6.1.1. B.     Polytene chromosomes 

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

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

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

Chromosomes I and II were metacentric and chromosome III was 

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

Name of the 

species 

Chromo-

some 

Number 

Mean length 

(µ) 

SE (±) 

Short     Long 

arm        arm 

Total 

length 

(S+L) 

Arm 

ratio 

r=l/s 

Centromeric 

Index 

(i) 

Nature of 

chromosome 

 

 

 

 

Simulium 

(Nevermannia) 

praelargum 

“IIIL-1.2” 

 

I 

 

1.35      1.75 

±0.02   ± 0.06 

 

 

3.10 

 

1.29 

 

43.54 

 

Metacentric 

 

II 

 

 1.17       1.42 

±0.06    ±0.08 

 

 

2.59 

 

1.21 

 

45.17 

 

Metacentric 

 

III 

 

0.79      1.50 

±0.03   ± 0.07 

 

 

2.29 

 

1.89 

 

34.49 

 

Sub-

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

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

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

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

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

chromosomes correspond to their percentage of TCL. Accordingly 

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

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

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

the chromosomal arms are interspaced with thick and thin bands. 

 

All the three chromosomes are loaded with specific landmarks. The 

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

polytene chromosome of Simulium (Nevermannia) praelargum 

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

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

Chromosome IS is marked with the presence of Nucleolar organizer 

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

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

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

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

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

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

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

chromosomes bear numerous heterochromatic bands in between 

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

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

organizer. 

 

FIGURE 11: Photo composite map of the long arm of chromosome one (IL) of Simulium 
(Nevermannia) praelargum “IIIL-1.2”. Ch, chromocentre. 
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Table II:  Percentage total complement length (%TCL) of 

chromosome arms for 10 nuclei from each of 10 larvae 

of Simulium (Nevermannia) praelargum “IIIL-1.2” 

from the Darjeeling area, India. 

 

 IS IL IIS IIL IIIS IIIL 

%TCL 18.49 19.66 14.20 17.00 11.18 19.45 

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

Sections per arm 18 20 14 17 11 20 

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

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

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

chromosome three. 

TCL, total complement length  

SE, standard error of the mean. 

 

Chromosome I: Metacentric chromosome I was sharply 

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

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

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

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

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

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

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

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

bulged regions. The condensation of the chromosome depends on the 

maturity and physiological conditions of the larvae. The first 16  
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 FIGURE 12: Photo composite map of the short arm of chromosome two (IIS) of 

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

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

 

 

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

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

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

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

chromocentre. 

  

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

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

inversion one; IIIL-2, inversion two. 



62 
 

  

FIGURE 16: Polytene chromosome complement of Simulium (Nevermannia) 

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

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

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

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

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

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

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

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

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

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

IS. Sections 7- 16 bear heavy thick consecutive heterochromatic 

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

 

Chromosome II: Metacentric chromosome II was characterized by a 

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

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

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

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

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

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

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

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

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

(Fig. 13).  

 

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

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

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

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

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

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

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

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

 

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

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

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

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

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

92 thereby transposing sections 94 and 93, leaving them proximally 

closer to the chromocenter. Sex bands or chromosomes were not 

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

2017 

 

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

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

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

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

stream with latitude of 27.018187°N and longitude of 

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

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

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

female ratio (Table IV).  

 

The specimens were identified as Simulium (Nevermannia) 

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

Despite all the characters of Simulium (Nevermannia) praelargum, 

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

anterodorsal projection in the pupa which is sharp deviation from the 

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

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

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

centromere.  

    

 

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

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

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

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

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

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

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

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

 

  

6.2.1     Chromosomal analysis 

6.2.1. A.      Mitotic chromosomes 

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

paired distinct chromosomes.  The chromosomes seemed to be fully 

condensed. Centromeres were identified as clear, transparent, 

nonstaining zone between the chromosomal arms. The three pairs of 

Location 

 

Collection 

Date 

Latitude Longitude Number of 

males: females 

analyzed 

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

" 29/06/2014 " " 6:8 

" 13/07/2014 " " 2:1 

" 20/07/2014 " " 10:8 

" 10/08/2014 " " 9:12 

" 24/08/2014 " " 6:2 

" 07/09/2014 " " 2:2 

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

" 07/09/2014 " " 5:2 

" 08/06/2014 " " 4:9 

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

 

Total 

55 males:62 

females 

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

on its sharp variable lengths.  The differences between short and 

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

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

investigated). 

 

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

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

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

basis of which chromosome I was designated to be metacentric.  

Chromosome II was also readily distinguishable by its length which 

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

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

and centromeric index of 44.88. Chromosome II was designated as 

metacentric.  

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

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

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

designated as sub-metacentric (Table VI).  

 

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

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

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

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

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

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

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

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

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

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

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

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

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

respectively. 
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Table VI:  Mitotic Chromosome measurement Simulium 

(Nevermannia) praelargum “IL”. 

 

6.2.1. B.     Polytene chromosomes 

The chromosomal complement of Simulium (Nevermannia) 

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

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

Name of the 

species 

Chromo-

some 

Number 

Mean length 

(µ) 

SE (±) 

Short    Long 

arm        arm 

Total 

length 

(S+L) 

Arm 

ratio 

r=l/s 

Centromeri

c 

Index 

(i) 

Nature of 

chromosome 

 

 

 

 

Simulium 

(Nevermannia) 

praelargum 

“IL” 

 

I 

 

1.35       1.69 

±0.07  ± 0.05 

 

 

3.04 

 

1.25 

 

44.40 

 

Metacentric 

 

II 

 

1.14       1.40 

±0.06   ±0.06 

 

 

2.54 

 

1.22 

 

44.88 

 

Metacentric 

 

III 

 

0.77       1.53 

±0.03  ± 0.03 

 

 

2.30 

 

1.98 

 

33.47 

 

Sub-

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

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

sharply defined in all three chromosomes. The total complement 

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

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

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

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

chromosomes were absent.  

 

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

represents three chromosomes with salient cytological land marks of 

the polytene complement.  Each chromosome with short and long 

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

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

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

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

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

centromere, thick transverse heterochromatic band. Following the 

centromere is the parabalbiani (PB) represented by thick diffused 

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

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

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

along with dotted swollen structure, followed by thick 

heterochromatic centromeric band at the sub-terminal region to mark 

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

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

 

 

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

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

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

chromosome arms for 10 nuclei from each of 10 

larvae of Simulium (Nevermannia) praelargum “IL” 

from the Darjeeling area, India. 

 

 IS IL IIS IIL IIIS IIIL 

%TCL 18.20 19.40 14.10 17.20 10.90 20.10 

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

Sections per arm 18 20 14 17 11 20 

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

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

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

chromosome three. 

TL, total complement length  

SE, standard error of the mean 

 

Chromosome I: Chromosome I was metacentric and distinguished 

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

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

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

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

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

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

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

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

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

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

Balbiani; T, trapezoidal (triad). 

 

 

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

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

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

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

 

  

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

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

30/31 (Fig. 20). 

 

Chromosome II: Chromosome II was also metacentric. 

Chromosome IIS begins with section 39 and terminates in section 52 

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

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

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

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

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

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

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

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

22). 

 

Chromosome III: Chromosome IIIS was sub-metacentric and 

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

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

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

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

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

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

chromosome is rather slender with uniform diameter without much 

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

2008 

 

Simulium (Montisimulium) dattai population was collected from  

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

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

Gandhi Road with latitude of  27.018187°N  and longitude of  

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

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

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

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

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

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

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

The specimens were identified as Simulium (Montisimulium) dattai 

on the basis of identification key provided by Takaoka and 

Samboon, 2008 from Bhutan, which was previously described by 

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

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

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

 

  

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

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

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

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

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

short arm of chromosome three. 

 



79 
 

Table VII: Collection data for Simulium (Montisimulium) dattai 

from Darjeeling area, West Bengal, India. 

 

 

 

6.3.1     Chromosomal analysis 

6.3.1. A.     Mitotic chromosomes 

The preparation exhibited three tightly paired well spread mitotic 

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

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

Location 

 

Collection 

Date 

Latitude Longitude Number of 

males: females 

analyzed 

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

" 13/06/2015 " " 1:1 

" 27/06/2015 " " 3:2 

" 11/06/2016 " " 2:3 

" 18/06/2016 " " 2:2 

" 24/06/2016 " " 1:3 

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

" 13/06/2015 " " 0:2 

" 27/06/2015 " " 1:1 

" 04/06/2016 " " 3:1 

" 11/06/2016 " " 2:2 

" 18/06/2016 " " 1:2 

Gandhi Road 24/06/2016   2:2 

 

Total  

22 males:26 

females 

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

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

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

 

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

variable sizes. The whole mitotic complement in total was measured 

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

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

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

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

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

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

as metacentric and submetacentric on the basis of centromeric index, 

43.31 for chromosome I; 38.59 for chromosome II and 33.33 for 

chromosome III. Chromosome I and II were metacentric and III 

submetacentric.  Of the total mean length of chromosomes I, II, and 

III, 12.41µ, 37.38% was comprised of chromosome I, 32.15% and 

30.45% comprised of chromosomes II and III respectively.  Total 

length of long arm of chromosomes I, II, and III, i.e. 2.63µ, 2.45µ, 

and 2.52µ was 7.60µ. Total length of short arm of chromosomes I, 

II, and III, i.e. 2.01µ, 1.54µ, and 1.26µ was 4.81µ. The percentage of 

long arms to total was 61.24 % and of short was 38.75%. Total 

percentage occupied by IS was 16.19%; IIS, 12.40%; and IIIS, 

10.15%. And total percentage occupied by IL was 21.19%; IIL, 

20.46; and IIIL, 20.30% respectively (Table IX). Clear non staining 
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zone between the long and the short arms of the chromosome 

represented the centromere.   

 

Table IX: Mitotic Chromosome measurement Simulium 

(Montisimulium) dattai. 

 

 

6.3.1. B.     Polytene chromosomes 

The chromosomal complement of Simulium (Montisimulium) dattai 

Takaoka & Somboon, 2008 consisted of three tightly synapsed 

chromosomes (n=3) with a prominent chromocenter (Figs. 27-32, 

Name of the 

species 

Chromo-

some 

Number 

Mean length 

(µ) 

SE (±) 

Short     Long 

arm        arm 

Total 

length 

(S+L) 

Arm 

ratio 

r=l/s 

Centromeric 

Index 

(i) 

Nature of 

chromosome 

 

 

 

 

 

 

Simulium 

(Montisimulium) 

dattai 

 

I 

 

2.01      2.63 

 

±0.14  ± 0.09 

 

 

4.64 

 

1.30 

 

43.31 

 

Metacentric 

 

II 

  

1.54       2.45 

±0.09   ±0.09 

 

 

3.99 

 

1.59 

 

38.59 

 

Metacentric 

 

III 

  

1.26       2.52 

±0.06   ± 0.09 

 

 

3.78 

 

2 

 

33.33 

 

Sub-

metacentric 
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Fig. 33). Chromosomes I and II were metacentric and III was 

submetacentric, as confirmed by the mitotic complement (Fig. 25 

Table IX). The first chromosome is 39.64%, the second 30.20%, and 

the third 29.98% of TCL with ratios of 1.32:1.00:1.00 (Table VIII). 

The arm ratios for each of the three chromosomes were 1.09:1.00 

(IL: IS), 1.43:1.00 (IIL: IIS), and 2.22:1.00 (IIIL: IIIS). Sex 

chromosomes were absent.  

 

An idiogram (Fig. 26) represents the salient major cytological 

landmarks of the polytene complement. At the base of IS near the 

chromocenter, an enlarged and diffused nucleolar organizer (NO) 

was present. IL was without any major landmarks. In IIS, near the 

terminal ring of Balbiani (RB) is shown as a round structure below 

which is the elliptical dotted structure representing blister (Bl).  At 

the terminal end of IIL lies the parabalbiani (PB) represented as 

fuzzy, transparent dark band. Near to the base of IIIS is blister (Bl) 

shown with a band and the dotted rounded body near to the 

chromocenter. As in case if IL, IIIL does not bear any characteristic 

major landmarks.  
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FIGURE 27: Photo composite map of the short arm of chromosome one (IS) of 

Simulium (Montisimulium) dattai. Ch, chromocentre; NO, nucleolar organizer. 

 

  

FIGURE 28: Photo composite map of the long arm of chromosome one (IL) of 

Simulium (Montisimulium) dattai. Ch, chromocentre. 
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Table VIII: Percentage total complement length (%TCL) of 

chromosome arms for 10 nuclei from each of 10 

larvae of Simulium (Montisimulium) dattai from 

the Darjeeling area, India. 

 IS IL IIS IIL IIIS IIIL 

%TCL 18.95 20.69 12.40 17.80 9.30 20.68 

SE ±0.05 ±0.11 ±0.11 ±0.14 ±0.12 ±0.12 

Sections per arm 19 21 12 18 9 21 

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

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

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

chromosome three. 

TCL, total complement length  

SE, standard error of the mean. 

 

Chromosome I: Chromosome I was distinguished by its greater 

length and sub equal arm lengths. It was divided into a short arm and 

long arm designated as IS bearing sections 1 – 19 (Fig. 27) with 

18.95% of TCL and IL bearing sections 20 – 40 (Fig. 28) with 

20.69% of TCL. The characteristic nucleolar organizer (NO) was 

located near the base of IS in section 18 and chromocenter (Ch) was 

located in section 20 of IL.  The swollen regions in the sections 3, 7, 

9, 11, 14, 15 of IS and sections 30 of IL may be due to the 

physiological conditions and the activity of the gene at that point of 

time. The swollen regions at different sections were variable in  
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FIGURE 29: Photo composite map of the short arm of chromosome two (IIS) of 

Simulium (Montisimulium) dattai. Ch, chromocentre; RB, ring of Balbiani; B, bulge. 

 

 

FIGURE 30: Photo composite map of the long arm of chromosome two (IIL) of 

Simulium (Montisimulium) dattai. Ch, hromocentre; PB, Parabalbiani. 
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FIGURE 31: Photo composite map of the short arm of chromosome three (IIIS) of 

Simulium (Montisimulium) dattai. Ch, chromocentre; Bl, blister. 

 

 

FIGURE 32: Photo composite map of the long arm of chromosome three (IIIL) of 

Simulium (Montisimulium) dattai. Ch, chromocentre. 
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FIGURE 33: Polytene chromosome complement of Simulium (Montisimulium) dattai 

with a large chromocentre. Ch, chromocentre; NO, nucleolar organizer; B, bulge 

(double bubble); RB, ring of Balbiani; PB, Para Balbiani ring; Bl, blister; IL, long 

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

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

chromosome two; IIIS, short arm of chromosome three. 
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different nuclei of the individuals. The whole length of chromosome 

I was interspaced with series of dark and light bands. 

 

Chromosome II: Chromosome II was characterized by a short arm 

(IIS) bearing sections 41 - 52 with 12.40% of TCL. The short arm of 

chromosome II was characterized by the presence of ring of Balbiani 

(RB) in the section 45 followed by bulge (B) in section 46. Section 

52 marks the proximal end of the IIS (Fig. 29).  The long arm of 

chromosome II begins with the section 53 and continues up to 

section 70 with 17.80% of TCL. A very prominent parabalbiani ring 

(PB) was located in section 68 and the chromocenter (Ch) in section 

53 (Fig. 30). A broad, well defined region in section 70 marked the 

end of IIL. The whole length of chromosome II was interspaced with 

series of dark and light bands.  

 

Chromosome III: The short arm of chromosome three (IIIS) begins 

with section 71 and terminates in section 79 with 9.30% of TCL.  

Sections 80 to 100 represents the long arm of chromosome three 

(IIIL) with 20.68% of TCL.  Chromosome IIIS was characterized by 

the blister (Bl) in section 76 and section 79 marked the end of IIIS 

(Fig. 31). Section 80 with chromocenter (Ch, Fig. 33) marked the 

beginning of the IIIL and section 100 marks the end of IIIL (Fig. 

32). The whole length of chromosome III was interspaced with 

series of dark and light bands. The whole length of chromosome IIIL 

appeared to have a uniform diameter with not much of swollen 

regions. 
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6.4    Simulium (Gomphostilbia) williei Takaoka et al., 2010 

 

The collections of Simulium (Gomphostilbia) williei were made 

during the months of 07/06/2014 to 06/08/2016. The specimens were 

collected from four different streams of Darjeeling, West Bengal, 

India: stream 1 Dali, stream 2 Dali, Bokshi Jhora  with latitude and 

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

with latitude  27.018187°N and longitude of 88.254247°E. 77 

workable larval specimens were collected of which 31 was collected 

form Dali stream of which 18 were males and 13 were females. 15 

male specimens and 22 females were collected from Dali stream 2. 

Four specimens were collected from Bokshi Jhora out of which two 

were males and two were females. Five specimens of which three 

male and two females were collected form Gandhi Road. Of the total 

77 specimens collected from the four streams, 38 were males and 39 

were females with 1:1 sex ratio. The collected specimens were 

identified as Simulium (Gomphostilbia) williei with reference to the 

identification key described by Takaoka et al., 2010. The gill 

histoblasts was in the form of one inflated horn like structure and 

had eight filaments. 
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Table X:  Collection data for Simulium (Montisimulium) williei   

from Darjeeling area, West Bengal, India. 

  

 

 

 

Location 

 

Collection 

Date 

Latitude Longitude Number of 

males: females 

analyzed 

Dali (Stream 1) 07/06/2014 27.023253ºN 88.250685ºE 3:1 

" 28/06/2014 " " 4:1 

" 13/06/2015 " " 2:2 

" 04/07/2015 " " 2:4 

" 09/07/2016 " " 4:3 

" 06/08/2016 " " 3:2 

Dali (Stream 2) 07/06/2014 " " 2:2 

" 28/06/2014 " " 3:5 

" 13/06/2015 " " 1:3 

" 04/07/2015 " " 3:4 

" 09/07/2016 " " 2:5 

" 06/08/2016 " " 4:3 

Bokshi Jhora 30/07/2016 27.019132ºN 88.253863ºE 2:2 

Gandhi Road 23/07/2016 27.018187ºN 88.254247ºE 3:2 

     

 

Total 

38 males:39 

females 

77 
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FIGURE 34: Mitotic metaphase complement of Simulium (Gomphostilbia) williei 

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

 

 

FIGURE 35: Idiogram of Simulium (Gomphostilbia) williei showing major 

landmarks.  C, Centormere; NO, nucleolar organizer; B, bulge (double bubble); RB, 

ring of Balbiani; T, triad, trapezoid; PB, Para Balbiani ring; Ca, capsule; B, blister; 

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

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

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

2, inversion two, of a two-step paracentric included inversion.  
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6.4.1     Chromosomal analysis 

6.4.1. A.     Mitotic chromosomes  

The mitotic plates (Fig. 34) exhibited three pairs of tightly paired 

distinct chromosomes.  The chromosomes seemed to be fully 

condensed. Centromeres were identified as clear, transparent, non 

staining zone between the chromosomal arms. The three pairs of 

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

on its sharp variable lengths.  The differences between short and 

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

(Fig. 35, fig. A- Karyotype and Fig. B- Idiogram of four species 

investigated). 

 

The total mean length of chromosome I was measured to be 4.83µ. 

The short and the long measured to be 2.14µ and 2.69µ respectively. 

The arm ratio was of 1.25 with the centromeric index 44.30, on the 

basis of which chromosome I was designated to be metacentric.  

 

Chromosome II was also readily distinguishable by its length which 

measured 3.53µ in length. The length of the short arm was 1. 42µ 

and the length of long arm was 2.11µ respectively, with arm ratio of 

1.48 and centromeric index of 40.22. Chromosome II was designated 

as metacentric.  

 

Chromosome III was the shortest of the three measuring 3.16µ. The 

length of short arm was 1.05µ and of long arm was 2.11µ, with arm 



93 
 

ratio of 2 and centromeric index of 33.22. Chromosome III was 

designated as sub-metacentric (Table VI).  

 

The whole mitotic complement in total was measured to be 11.52µ. 

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

found to be 1.13µ (4.83-3.53). Difference between chromosome I 

and III was found to be 1.67µ (4.83-3.16). The mean length 

difference between chromosome II and III was 0.374µ (3.53-3.16). 

Of the total mean length of chromosomes I, II, and III, 11.52µ, 

41.92% was comprised of chromosome I, 30.64% and 27.43% 

comprised of chromosomes II and III respectively.  Total length of 

short arm of chromosomes I, II, and III, i.e. 2.14µ, 1.42µ, and 1.05µ 

was 4.61µ. Total length of long arm of chromosomes I, II, and III, 

i.e. 2.69µ, 2.11µ, and 2.11µ was 6.91µ. The percentage of short arms 

to total was 40.01% and of long was 59.98%. Total percentage 

occupied by IS was 18.57%; IIS, 12.32%; and IIIS, 9.11%. And total 

percentage occupied by IL was 23.35%; IIL, 18.31%; and IIIL, 

18.31% respectively. 
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Table XII: Mitotic Chromosome measurement Simulium 

(Gomphostilbia) williei. 

 

 

6.4.1. B.     Polytene Chromosomes 

The chromosomal complement of Simulium (Gomphostilbia) williei 

Takaoka et al., 2010 consisted of three tightly paired homologous 

chromosomes (Figs. 36-41). Chromosomes I and II were metacentric 

and III was submetacentric, as confirmed by the mitotic complement 

(Fig. 34, Table XII).  A sharply defined centromere bands were 

Name of the 

species 

Chromo-

some 

Number 

Mean length 

(µ) 

SE (±) 

Short     Long 

arm        arm 

Total 

length 

(S+L) 

Arm 

ratio 

r=l/s 

Centromeric 

Index 

(i) 

Nature of 

chromosome 

 

 

 

 

Simulium 

(Gomphostilbia) 

williei 

 

 

I 

 

2.14      2.69 

±0.10  ± 0.09 

 

 

4.83 

 

1.25 

 

44.30 

 

Metacentric 

 

II 

 

1.42       2.11 

±0.09   ±0.07  

 

 

3.53 

 

1.48 

 

40.22 

 

Metacentric 

 

III 

 

1.05        2.11 

±0.05   ± 0.07 

 

 

3.16 

 

2 

 

33.22 

 

Sub-

metacentric 
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present in all three chromosomes. The first chromosome is 40.59%, 

the second 30.26%, and the third 29.12% of TCL with ratios of 

1.39:1.00:1.00 (Table XI). The arm ratios for each of the three 

chromosomes were 1.15:1.00 (IL: IS), 1.34:1.00 (IIL: IIS), and 

1.64:1.00 (IIIL: IIIS).Sex chromosomes were absent. The gill 

histoblast of this species was in the form of one inflated horn like 

structure and had eight filaments. 

 

The idiogram (Fig. 35) represents three chromosomes with relative 

lengths of the arms and chromosome as whole. IS is characterized 

with nucleolar organizer (NO) at the base near the centromere which 

is represented as thick dark band. IL does not bear distinctive 

landmarks. IIS bear bulge (B) somewhere at the centre represent by 

dotted lines followed by a round blotted structure, the ring of 

Balbiani (RB), below which lies two transverse thin bands 

representing trapezoid (T), next to which lies a centromere marked 

with a thick transverse band. IIL bears parabalbiani (PB) represented 

as fuzzy, broad, black band located somewhere in the middle of IIL. 

IIIS bear capsule (Ca) shown as two thin transverse parallel lines 

followed by blister (Bl) shown as thin band and dotted structure to 

be followed by centromere shown as thick broad band. IIIL does not 

have any specific characteristic landmark as in case of IL.  
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FIGURE 36: Photo composite map of the short arm of chromosome one (IS) of 

Simulium (Gomphostilbia) williei. C, centromere; NO, nucleolar organizer. 

 

 

FIGURE 37: Photo composite map of the long arm of chromosome one (IL) of 

Simulium (Gomphostilbia) williei. C, centromere. 



97 
 

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

chromosome arms for 10 nuclei from each of 10 

larvae of Simulium (Gomphostilbia) williei from the 

Darjeeling area, India. 

 

 IS IL IIS IIL IIIS IIIL 

%TCL 18.83 21.76 12.89 17.37 11.02 18.10 

SE ±0.22 ±0.34 ±0.11 ±0.55 ±0.09 ±0.30 

Sections per arm 19 22 13 17 11 18 

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

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

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

arm of chromosome three. 

TCL, total complement length  

SE, standard error of the mean 

 

Chromosome I: Chromosome I was distinguished from the other 

two by its greater length and sub equal arm lengths. Chromosome I 

was characterized by a short arm (IS) bearing sections 1 - 19 with 

18.83% of TCL and a long arm (IL) bearing sections 20-41 with 

21.76% of TCL. The characteristic nucleolar organizer (NO) was in 

section 19 which also marked the end of IS (Fig. 36). Chromosome 

IL begins with centromere (C) in section 20 and ends in section 41 

(Fig. 37). The whole length of chromosome I is marked with thick 

and thin bands with some swollen and narrow regions. The whole 

length of chromosome I was interspaced with series of dark and light 

bands. 



98 
 

 

FIGURE 38: Photo composite map of the short arm of chromosome two (IIS) of 

Simulium (Gomphostilbia) williei. C, centromere; B, bulge; RB, ring of Balbiani; T, 

Triad, Trapezoid. 

 

 

FIGURE 39: Photo composite map of the long arm of chromosome two (IIL) of 

Simulium (Gomphostilbia) williei. C,centromere; jg, jagged; PB, parabalbiani. 
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FIGURE 40: Photo composite map of the short arm of chromosome three (IIIS) of 

Simulium (Gomphostilbia) williei. C, centromere; Bl, blister; Ca, capsule. 

 

 

FIGURE 41: Photo composite map of the long arm of chromosome three (IIIL) of 

Simulium (Gomphostilbia) williei. C, centromere. 
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Chromosome II: Chromosome II was characterized by a short arm 

(IIS) bearing sections 42 - 54 with 12.89% of TCL and a long arm 

(IIL) bearing sections 55-71 with 17.37% of TCL. IIS was 

characterized by a bulge (B) in section 47, followed by the ring of 

Balbiani (RB) in section 48. Trapezoidal marker (T) was near the 

base of IIS in section 53 and section 54 marked the end of IIS (Fig. 

38). Centromere (C) in section 55 marked the beginning of IIL. 

Chromosome IIL was characterized by jagged (jg) in section 62 

followed by parabalbiani ring (PB) in section 63 and section 71 

marked the end of IIL (Fig. 39). The whole length of chromosome II 

was interspaced with series of dark and light bands. 

 

Chromosome III: Chromosome III was characterized by a short 

arm (IIIS) bearing sections 72 - 82 with 11.02% of TCL and a long 

arm (IIIL) bearing sections 83-100 with 18.10% of TCL. 

Chromosome IIIS was characterized by the presence of a blister (Bl) 

in section 74 and the capsule marker (Ca) in section 79 (Fig. 40). 

Chromosome IIIL begins with centromere (C) in section 83 and 

section 100 marked the end of IIIL (Fig. 41). The whole length of 

chromosome III was interspaced with series of dark and light bands. 

 

 

 

 

 

 


