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Abstract

Polytene chromosomes of black flies, (Diptera: Simuliidae), were studied at Little 

Prickly Pear Creek (LLPC), Lewis and Clark County, Montana during the summer of 

2000. Larvae from the LPPC were predominantly Simulium arcticum until July when 

they were replaced by S. vittatum. Analysis of 37 larvae (18 male and 19 female) from 

LPPC (May 17) revealed the presence of two sibling species of S. arcticum (IIL-3 and 

IIL-7) differentiated on the basis of the variant banding patterns in both sex determining 

and autosomal segments of the larval polytene chromosomes. Males of both siblings are 

heterozygous for unique inversions observed at the base of chromosome II-L whereas 

females of both siblings possess the standard (non-inverted) sequence. Additionally, the 

IIS-11 autosomal inversion is standard (St St) in the IIL-3 sibling while being fixed (Inv. 

Inv.) in the IIL-7 sibling; further, no hybrids were observed. The presence of two unique 

sibling species of S. arcticum identified at LPPC and the absence of hybrids between the 

two documents reproductive isolation in sympatry. These results suggest that central 

Montana may be rich in diversity of sibling species of black flies thus encouraging 

further study.
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Introduction

Species of black flies (Diptera: Simuliidae) are in reality morphospecies 

composed of any number of cytologically determined sibling species distinguished by 

differences in the larval polytene chromosomes (Rothfels, 1979). Species tend first to be 

distinguished by chromosomal inversions involving the sex determining segments. 

Certain other chromosome changes including autosomal inversions, the presence or 

absence of supernumerary (B) chromosomes, and translocations may also aid in sibling 

identification (Rothfels, 1979).

Requiring a blood meal to reproduce, female black flies are serious pests as well 

as being vectors for various blood bound diseases (Rothfels, 1979). Outbreaks of black 

flies have resulted in the transmission of human onchocerciasis and transmission of 

Leucocytozoon simondi to waterfowl (Laird, 1981). In North America black flies reduce 

the yield of milk and meat in cattle. Therefore black flies pose serious threats to human 

health and agriculture as well as being important contributors to evolutionary biology 

(Laird, 1981). Thus in addition to the basic biological importance of these studies, there 

are environmental and economic impacts as well.

Shields and Procunier (1982) described five sibling species of the Simulium 

arcticum complex in Alaska and western Canada including the IIL-3 sibling of central 

British Columbia and Alberta. The distribution, abundance, and sibling species status of 

black flies in Montana is essentially unknown although early and preliminary discussion 

of black flies accompanies a broader survey of aquatic insects in Montana (Newell,

1970). Distribution and keys to sibling species identification of black flies of Alberta are



illustrated by Currie (1986). Nothing is known about the cytogenetics of Montana black 

flies.

I conducted a preliminary survey of black flies in west-central Montana during the 

summer of 2000 and began preliminary analysis of the polytene chromosomes of S. 

arcticum here. Based upon the known geographic distribution, I hypothesized that black 

flies at LPPC would be of the IIL-3 type, or a close relative, since that sibling occurs in 

British Columbia and Alberta (Shields and Procunier, 1982).
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Materials and Methods

Freshwater streams of central Montana were surveyed for black fly larvae. One 

simply explores for the presence of larvae that adhere to submerging vegetation, rocks, or 

other material on the stream bottom. Those streams where larvae were found were 

monitored over the course of the summer. Methods of larval preservation (fixation in 

Camoy), chromosome staining (Feulgen), and analysis have been described (Rothfels, 

1979).

Larvae were collected and immediately fixed in Camoy solution, (3:1 absolute 

ethanol: glacial acetic acid). The fixative was changed two times over the course of 

several hours following initial collection. Collections were stored at 4° C in the 

laboratory.

Next, larvae were sorted into morphospecies on the basis of such characteristics 

as dorsal head patterns, sublabial clefts, respiratory filaments, etc. (Currie, 1986). Grey 

histoblast larvae were selected in groups of 5-10, their abdomens opened longitudinally, 

and they were placed in a vial containing tap water for 20 min to remove internal 

gelatinous material. Larvae were blotted on bibulous paper to remove the gelatin.

Larvae were hydrolyzed in IN HC1 for 30 min at 64°C. HC1 was decanted off and larvae 

were blotted on bibulous paper.

The Feulgen stain, a DNA specific stain, was prepared by pouring 100 ml of 

boiling distilled water over 1 gm of basic fuchsin. The solution was cooled to 60°C, 

filtered, and 2 gm of sodium metabisulfite and 20 ml of IN HC1 were added. The 

solution was bleached in the dark for 24 hr at room temperature and 1.3 gm of activated



charcoal were added. The solution was shaken vigorously for 1 min and filtered through 

course filter paper. The solution was stored in a glass amber bottle at 4°C.

Previously blotted larvae were placed in a clean vial and covered with the Feulgen 

stain. The vial was placed in a dark place and larvae were allowed to stain for 1 hr. 

Following the staining, the larvae were rinsed twice with a 10% solution of sodium 

metabisulfite, (5 min between rinses), and again rinsed twice with tap water, (5 min 

between rinses). The larvae were then stored at 4°C in tap water overnight.

Stained larvae were placed in a drop of water on a microscope slide. Under the 

dissecting scope, salivary gland tissue and gonads were dissected out and placed on a 

new microscope slide in a drop of 50% acetic acid. Salivary glands were teased apart and 

a cover slip was placed over the tissue. Slides were viewed under the compound 

microscope. If nuclei were not spread the cover slip was gently tapped. The preparation 

was kept moist (50% acetic acid) and care was taken to keep the cover slip stationary.

Slides were made permanent by freezing the preparation over dry ice. Once the 

slide was frozen, the cover slip was flipped and the slide placed in 95% ethanol for 30 

sec. The slide was then drained on a paper towel. Using a Q-tip, one drop of Permount 

was placed over the tissue preparation and a cover slip was mounted. Slides were 

allowed to dry for 24 hr before being viewed under oil immersion. These chromosomal 

preparations were then scored under the compound microscope.
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Results

Thirty-seven larvae (18 males and 19 females) from a collection at LPPC (May 

17) were analyzed (Table 1). These were compared to the IIL-3 data of Shields and 

Procunier (1982). Descriptions are given based on the IIL-st. (standard) arcticum. 

Breakpoints for the IIL-7 sex-linked inversion are from the middle of section 56 to the 

middle of section 57 of the long arm of chromosome II. Those for the IIL-3 sex-linked 

inversion were from the distal 2/3 of section 23 to the distal 2/3 of section 57. Those for 

the IIS-11 autosomal inversion were from the middle of section 47 to the beginning of 

section 51 on the short arm of chromosome II.

As predicted the IIL-3 sibling was present at the LPPC site. However, another as 

yet undescribed sibling, IIL-7, was also present. Further, although these siblings occur in 

sympatry they are reproductively isolated since they are each fixed for alternative forms 

of an autosomal inversion IIS-11 in the short arm of chromosome II. All females 

analyzed were homozygous for the standard sequence whereas males were heterozygous 

and therefore possessed an inverted sequence found to be variable among siblings. These 

results are consistent with those of Shields and Procunier (1982).

*
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Little Prickly Pear Cr. May 17. 2000 

IIL-3

Male Female

St St St inv inv inv St St St inv inv inv

0 10 0 8 0 0

IIL-71

Male Female

0 8 0 11 0 0

Old Man River Alberta July 29,1980

IIL-3*

Male Female

0 34 0 30 0 0

* From Shields and Procunier, 1982.

♦

IIS-11

inv inv 

0

19

Table 1. Comparison of sibling species data from LPPC, Lewis and Clark County 
Montana, to data from western Alberta compiled by Shields and Procunier (1982).
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Discussion

The IIL-3 Sibling

Shields and Procunier (1982) described five sibling species of Simulium arcticum 

including the IIL-3 sibling from Alberta. Due to the close geographical proximity of 

Montana to Alberta it was reasonable to assume that if S. arcticum were to be found in 

Montana it would be of the IIL-3 sibling or a close relative. This was found to be correct. 

The IIL-3 sibling was abundant at the Little Prickly Pear site, Lewis and Clark County, 

Montana. The IIL-3 sibling is clearly distinguished from other described siblings by a 

chromosomal inversion, IIL-3.

Analysis suggests complete sex linkage since all males analyzed were 

heterozygous for the inverted sequence (st/inv) whereas all females analyzed were found 

to be homozygous for the standard sequence (st/st). My hypothesis, namely, that if 

arcticum were found in Montana it would be the IIL-3 sibling or a close relative, is thus 

supported.

The IIL-3 sibling appears to be widespread in western Montana since preliminary 

observations based only on a summer’s collection indicate that IIL-3 also exists in 

Missoula and Granite counties as well (pers. comm., G. F. Shields, Carroll College, 

Helena, Montana).
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The IIL-7 Sibling

A second sibling species, clearly differentiable from IIL-3, was found at the Little 

Prickly Pear site. The IIL-7 sibling has a sex-linked inversion that spans the region from 

the middle of section 56 to the middle of section 57 on the long arm of chromosome two. 

Complementary to the IIL-3 sibling, sex linkage appears also to be complete in the IIL-7 

sibling. Again, all males analyzed were heterozygous for the unique inversion whereas 

all females possess the standard sequence. Further differentiation of the two siblings is 

provided by the observation that IIL-7 is completely fixed for an autosomal inversion that 

reverses the orientation of the bulge and the Ring of Balbiani in the distal portion on the 

short arm of chromosome two. This autosomal inversion, IIS-11, has breakpoints from 

the middle of section 47 to the beginning of section 51.

The IIL-7 sibling is likewise widespread since preliminary analyses indicate it is 

present in Fergus, Granite, Jefferson, Lewis and Clark, and Missoula counties (pers. 

comm., G. F. Shields). IIL-7 is common in the western United States especially 

southward and in drier regions (pers. comm., P. Adler, Clemson University, South 

Carolina).

♦

✓



Chromosomal Speciation in Black Flies

My observations of the Simulium arcticum complex at the LPPC site over the 

summer of 2000 were consistent with previous observations, e.g. Shields and Procunier 

(1982).

The Proximal Region of IIL for S. arcticum

The five siblings described for Alberta are differentiated on the basis of certain 

unique sex-linked inversions involving the base of chromosome IIL. This seems to 

suggest that the base of this chromosome may be viewed as a “hot spot” for inversions 

that will eventually lead to reproductive isolation. Preliminary observations suggest that 

at least 14 sibling species compose the S. arcticum complex. Six of these occur in 

Montana and all have the six associated inversions at the base of chromosome IIL (pers. 

comm., G. F. Shields). Certainly one cannot discover every sibling that is present over 

the course of one summer. Further research might reveal more siblings of the S. arcticum 

complex that exist in Montana. Moreover, molecular studies of the DNA at the base of 

chromosome IIL are encouraged as they may illuminate the actual molecular basis of sex 

determination as well as perhaps indicating a temporal basis for the observed divergence 

of siblings.
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