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Abstract

This two-year study of the chromosome diversity within the Simulium arcticum 

complex within the Little Blackfoot River Drainage addressed the following study 

objectives: 1) determination of the distribution and frequency of 5. arcticum s. s.,

S. brevicercum, S. apricarium, and S. arcticum IIL-18 at high, intermediate, and low 

elevation sites; 2) investigation of the reproductive status of these taxa at the Elliston site 

where they were relatively abundant; and 3) investigation of sibling-specific criteria for

S. brevicercum to determine the status of IIL-st/st males at Elliston.

Regarding the first objective, the null hypothesis suggests that these siblings 

would be distributed evenly in the drainage. However, it was observed that 

S. arcticum s. s. occurred in abundance at the high and intermediate locations whereas 

S. apricarium was only found at the low elevation site. S. brevicercum and S. arcticum 

IIL-18 were abundant at the intermediate location. Based on this, the null hypothesis was 

rejected. Elevation seemed to influence the distribution of these siblings.

I was unable to address the second objective because the low frequency of 

autosomal polymorphisms at Elliston precluded determination of the reproductive status

of IIL-18, S. arcticum s. s. and IIL-st/st males.

For the third objective, the criteria for identification were compared among

standard males of S. brevicercum, S. arcticum s. s., and S. arcticum IIL-18. The criteria

for identification of S. brevicercum were not unique to the standard males; therefore, they 

could either be sex-exceptional males or more plausibly, a divergent type of S. 

brevicercum with the characteristics being variable within the species.

3



List of Tables

Table 1. Distribution of S. arcticum at Little Blackfoot River, Kading Campground,
Powell County Montana.....................................................................................14

Table 2. Distribution of S. arcticum at the Little Blackfoot River, Elliston,
Powell County Montana................................................................................... 15

Table 3. Distribution of S. arcticum at Little Blackfoot River, Garrison,
Powell County Montana.................................................................................... 16

Table 4. Species distribution at Little Blackfoot River, Kading Campground,
Powell County Montana.................................................................................... 16

Table 5. Species distribution at Little Blackfoot River, Elliston,
Powell County Montana..................................................................... ...............17

Table 6. Species distribution at Little Blackfoot River, Garrison,
Powell County Montana.................................................................................... 17

Table 7. Autosomal polymorphisms of S. arcticum at the Little Blackfoot River,
Elliston, Powell County Montana......................................................................18

Table 8. Band dimorphism and meiotic stage of male S. arcticum species
at Little Blackfoot River, Elliston, Powell County Montana....................... 19, 20

List of Figures

Figure 1. Chromosomal map of inversions observed in this study for IIL-arm...............25

Figure 2. Montana map indicating sample sites..................... . .......................................26

4



Introduction

Background

Cytogenetic study of polytene chromosomes in the salivary glands of larval black 

flies (Diptera: Simuliidae) reveals that previously described single morphospecies contain 

a number of “biologically distinct” and reproductively isolated sibling species (Rothfels, 

1956). The value of the cytogenetic approach lies in the fact that cytotypes (potential 

siblings for which there is of yet no evidence for reproductive isolation) become 

differentiated from other such types by the fixation of unique sex-linked paracentric 

inversions which include or are near a sex determining gene or genes (Rothfels, 1989). 

Moreover, the presence of numerous autosomal paracentric inversions, often shared by 

various siblings/cytotypes, can be used, through estimates of adherence to equilibrium 

frequencies, to determine reproductive status of the various types in sympatry (Shields 

and Procunier, 1982; Rothfels, 1989). Complexes of sibling species in sympatry provide 

the opportunity to potentially investigate the speciation process, a controversial topic in 

need of detailed investigation (Adler et al., 2004; Coyne and Orr, 2004).

Many species complexes exist including: S. venustum/verecundum (Rothfels et 

al., 1977), S. vittatum (Rothfels and Featherston, 1981), S. arcticum (Shields and 

Procunier, 1982), Prosimulium onychodactylum, i.e Helodon onychodactylus, (Newman, 

1983), and Eusimulium vemum, E. decolletum, and E. pugetense (Allison and Shields, 

1989). Shields and Procunier (1982) described five sibling species within the S. arcticum 

complex in Alaska and western Canada, four of which occur in Montana (Shields, 

unpub.). When the present study began in 2004, an additional 10 cytotypes within the 

5. arcticum complex had been described (Shields, unpub.). The presence of numerous
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siblings and cytotypes within the 5. arcticum complex in Montana encouraged us to 

investigate potential causal factors not only for their chromosomal diversity but also for

their distributions.

Ecological Separation of Siblings

Shields (unpub.) had determined that two of the most widespread and abundant 

siblings, S. arcticum sensu stricto and S. apricarium, of the complex had separate but 

slightly overlapping distributions in west-central Montana. The former occurred primarily 

in the northwest while the latter occurred in the south and east (Shields, unpub.). Were 

these different distributions simply the result of range extension and ultimate contact 

from markedly different sources of radiation? Or were they the result of the influence of 

specific environmental factors, such as elevation of emergence site and hence 

temperature differences in waters from which the types emerged? Distribution of black 

fly species correlates with the “physical attributes of the stream channel” (McCreadie 

et al., 1997) and species richness is higher in montane regions than in lowland areas 

(Adler et al., 2004). Accordingly, I investigated the distribution of the aforementioned 

siblings along the Little Blackfoot River, Powell County, Montana. It was known that 

S. arcticum s. s. occurred at intermediate elevations of this drainage (Shields, unpub; 

Santoro, 2004). In 2004 I sampled and analyzed the polytene chromosomes of larvae of 

the S. arcticum complex from the Little Blackfoot River at Garrison (1231 m., low 

elevation site) and at Elliston (1444 m., intermediate elevation site). In 2005 I continued 

study of the Elliston site (see below) and included sampling of two high elevation sites 

(Kading Campground, 1748 m. and mile 5.8 Kading Campground Road, 1691 m.). The 

data collected from the four sites along the Little Blackfoot River were compared to other
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drainages in Montana (Boulder River, Flint Creek, Trout Creek, and Canyon Creek/Little 

Prickly Pear Creek) that had high, intermediate, and low elevation sites that were 

sampled and analyzed (Shields, unpub; Marchion, 2005). Studies of these other 

drainages indicated that elevation influences the distribution of S. arcticum s. s. and 

S. apricarium (Shields, unpub; Marchion, 2005). I hypothesized that S. arcticum s. s. 

would occur at higher elevations than S. apricarium. My null hypothesis was that the two 

siblings would be equally distributed throughout the drainage.

Reproductive Status of Siblings/cytotypes

The S. arcticum IIL-18 cytotype (Fig. 1) was discovered in the Little Blackfoot

River, occurring in relatively high frequency there but in low frequencies elsewhere in 

Montana (Shields, unpub.; Santoro, 2004). The inversion occurred only in males 

indicating that it included the sex determining gene or genes (Rothfels, 1989). In order to 

determine the reproductive status of IIL-18 through adherence to Hardy-Weinberg

equilibrium, autosomal polymorphisms of all three types (standard sequence, 

homozygous inverted and heterozygous inverted) and/or centromere dimorphisms should 

be observed in relatively high frequency at Elliston. Given the presence of the siblings:

S. arcticum IIL-st/st (the supposed S. brevicercum, see below), and S. arcticum s. s. (IIL- 

3) and the cytotype, S. arcticum IIL-18 at Elliston I attempted to investigate the 

occurrence and frequency of certain autosomal polymorphisms (e. g. IS-1) whose 

distribution among the types could reveal the reproductive status of each cytotype and 

sibling species. For example, if IS-1 were alternatively fixed as standard and inverted

homozygotes in one of the three cytotypes/sibling species, reproductive isolation would

be suggested.
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Status of S. brevicercum in the Little Blackfoot River

Standard males within the S. arcticum complex occur at 25 of the 40 extensively 

studied sites in various drainages in Montana (Shields, unpub.). Standard males are an 

“exception to the rule” within the S. arcticum complex since, with the exception of larvae 

of S. brevicercum and S. apricarium, all other siblings and cytotypes possesses unique 

paracentric inversions in males (Shields, unpub.). Males of all of these taxa were almost

always heterozygous for each unique inversion while females within these populations 

never possessed such inversions. Alder et al., (2004) characterized the type specimen of 

S. brevicercum, from Cache County, Utah as having: 1) “the standard chromosome 

sequence throughout the genome, 2) nonpairing of homologues in the base of IIL from 

section 55 into section 57, 3) various repattemings and differential band expressions at

the junction of sections 53 and 54 and in sections 50 and 51.” Standard males from

Montana could consequently be either classic S. brevicercum, as characterized by the

cytogenetic criteria of Adler, et al., (2004) or they could be “sex-exceptional” males,

(Adler, pers. comm.). Accordingly, I compared all males (n = 83) of the S. arcticum 

complex at Elliston for the characteristics described for S. brevicercum by Adler et al., 

(2004) to determine if standard types fit these criteria.
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Materials and Methods

Specimen Collection

The Little Blackfoot River was sampled at Elliston (2004, 2005), Garrison (2004), 

Kading Campground and mile 5.8 Kading Campground road (2005) (Fig. 2). The larvae 

were collected generally once a month in the swift moving currents on submerged 

vegetation, as the larvae appeared not to attach to rocks. Forceps were used to place 

larvae into vials containing fresh Camoy’s fixative (3:1 ratio 100% ethanol and glacial 

acetic acid) made at each sample location. To ensure proper fixation, vials were filled 

only 1/3 full of larvae and Camoy’s was replaced until it remained clear. The location, 

date, water temperature, and elevation of each sample site were written on the vial cap 

and on a piece of paper inserted into the vial. In the lab, the vials were kept in a freezer. 

Morphological Identification

Larvae were sorted as to morphospecies (Currie, 1986). Identification was based 

on the sub-labial clefts and head patterns, and on the structure and number of respiratory 

filaments (histoblast). Third instar (grey to black histoblast) larvae were sorted for 

staining and placed in a different vial containing Camoy’s.

Staining

The third instar larvae were prepared for staining by carefully opening the ventral 

side of the larva from the sub-labial cleft through to the end of the abdomen. The larvae 

remained in Camoy’s until the staining procedure. Larvae were placed in a vial of tap 

water for 20 minutes and then blotted onto bibulous paper to absorb silk secretions as 

these interfere with the stain. The larvae were then hydrolyzed for nine minutes in a vial 

containing approximately 3mL N HC1 that had been heated in a 64°C oven for at least an
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hour. The HC1 was decanted and approximately 2mL Feulgen stain was added. The 

larvae were left in a dark drawer for an hour, after which time the larvae, if stained

properly, should be purple. The Feulgen stain was decanted and approximately 2mL 

sulfur water was added. After ten minutes, the sulfur water was decanted and cold tap

water was added, with new water added until it remained clear. The stained larvae were

then placed in a refrigerator overnight.

Slide Making

A larva was placed on a clean microscope slide with a drop of tap water to begin 

dissection of the salivary glands and gonads. Each half of the larva, containing a salivary 

gland and gonad, was removed and placed into a few drops of 50% glacial acetic acid on 

another slide. After a few minutes, the salivary glands and gonads were carefully teased 

away from the body wall, and the body wall was extracted leaving only the salivary 

glands and gonads on the slide. A cover slip was placed over the specimen and lightly 

squashed to cause chromosome spreading. Placement of a drop of acetocarmine around 

the edge of the cover slip formed a sealant to prevent the preparation of chromosomes 

and gonads from drying out.

Cytogenetic Analysis

Shields and Procunier (1982) developed maps of the standard chromosome 

sequences of the S. arcticum complex. These maps were used to compare banding 

sequences and to identify inversions and chromosomal rearrangements. Inversions were 

indicated by marking the location of the breakpoints on the maps (Fig. 1). Banding 

markers such as the Ring of Balbiani on the short arm of chromosome two and the 

nucleolar organizer on the long arm of chromosome three allow for identification of the
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chromosome arms. Observations included identification of inversions or chromosomal

rearrangements in all chromosome arms, centromere dimorphisms, type of pairing 

between homologues, and any band dimorphisms such as bands that appeared 

“exploded.” Also recorded were the sex of each larva and meiotic stage of the gonads.

Results

Ecological Separation of Siblings

The dependence of elevation on species distribution of S. arcticum s. s. and 

S. apricarium was analyzed at high (Kading Campground, mile 5.8 Kading Campground

Road), intermediate (Elliston), and low (Garrison) sites. 5. arcticum larvae were not

present at Kading Campground in May but were present in small numbers in the June and 

July collections. Mile 5.8 was sampled in April and June with no S. arcticum present 

until July. The percentage of the male S. arcticum population that was S. arcticum s. s. at 

Kading Campground was 18%, mile 5.8, 80%, Elliston, 25%, and Garrison, 6% (Tables

1, 2, 3). S. apricarium was found only at Garrison, consisting of 85% of the male 

population there (Table 3). The ratio of S. arcticum s. s. to S. apricarium was: 2:0 at

Kading Campground, 4:0 at mile 5.8, 42:0 at Elliston, and 3:45 at Garrison. At Elliston 

and Kading Campground, respectively, there were 11 males and one male of the IIL-30

cytotype observed.

Along with S. arcticum, other black fly species were identified at the sample 

locations. These included S. canonicolum, S. defoliarti, S. piperi, S. tuberosum,

S. vittatum, P. exigens, and Helodon onychodactylus. Kading Campground had the 

lowest species richness with H. onychodactylus comprising 92% of the sample (Table 4).
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Larvae were only present in the June collection at mile 5.8 with only three species,

S. defoliarti (n=81), S. tuberosum (n=2), and H. onychodactylus (n=6). Elliston had the 

most diverse group of black fly species, containing all the aforementioned species (Table

5) . Among the other species present at Garrison, there were larvae that had similar sub

labial cleft patterns to S. canonicolum but were of green and purple pigmentation (Table

6) .

Reproductive Status of Siblings/Cytotypes

Autosomal polymorphisms, particularly the large and obvious IS-1 autosomal 

inversion (Shields and Procunier, 1982) of sibling species S. arcticum IIL-st/st,

S. arcticum s. s. and S. arcticum IIL-18 at Elliston were analyzed to determine the 

reproductive status of each of these types. However, the diversity of autosomal 

polymorphisms was very low; only 3 out of 83 IIL-st/st and 3 out of 42 S. arcticum s. s. 

individuals had autosomal polymorphisms while none was observed in IIL-18 individuals 

(Table 7). Therefore, determination of reproductive status of siblings and cytotypes at 

Elliston was not possible.

Centromere dimorphisms for IIL-st/st, S. arcticum s. s., IIL-18, and IIL-10 were

recorded for each chromosome (Table 8). A continuum of band thicknesses was

observed but a convenient description of the centromere band was simply to indicate 

whether the band thicknesss was enhanced (E) or thin (t).

Status of S. brevicercum in the Little Blackfoot River

Standard males, those without any obvious chromosomal rearrangements, were 

the most abundant S. arcticum species at Elliston (n = 83). These males could be either 

authentic S. brevicercum or “sex-exceptional” males. The characteristics established by
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Adler et al., (2004) to identify S. brevicercum were used to attempt to characterize the 

males at Elliston to determine if the characteristics were preferentially associated with the

standard males and thus with S. brevicercum or if the characteristics were present in the

S. arcticum s. s. and IIL-18 populations as well. Six of the 83 IIL-st/st males had 

autosomal inversions in chromosome one (Table 7). Nonpairing of the homologues at the

base of IIL was observed in 72 of the 83 IIL-st/st individuals, pairing in the remaining 10 

was undetermined due to twisting of the chromosome arms. Nonpairing was also

observed in all of the S. arcticum s. s. individuals (n=42) and all but two individuals from

the IIL-18 group (n=13). The differential expression characteristic varied along a 

continuum from one extreme, no differential expression, to “exploded.” This continuum 

of expression was observed in both S. arcticum s. s. and IIL-18 individuals as well. In

analyzing numerous chromosomal spreads for each individual, I observed that the

continuum of expression also varied among the spreads.
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Table 1: Distribution of S. arcticum at Little Blackfoot River, Kading Campground, Powell County
Montana, (data provided by Dr. Shields)

Females Males

Date Temperature xox« X«Y„ XoYj x#y2 x«Y3 x0Y4 Total

06/27/05 10°C 0 7 2 1 0 1 11

XoXo - female

XoYo - standard male

XoYj - IIL-3

XoY2-IIL-18

XoYj-IIL-IO

X0Y4-IIL-30
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Table 2: Distribution of S. arcticum at the Little Blackfoot River, Elliston, Powell County
Montana.

Females Males

Date Temperature xoxo X«Y0 XflYj x«y2 XoY3 x«y4 Total

03/30/03 6’C 5 8 2 1 4 1 21

04/17/03 5’C 7 1 2 0 1 0 11

04/27/04 rc 33 6 4 1 1 0 45

05/07/04 8°C 22 9 4 1 1 0 37

06/08/04 no larvae - - - - - - -

06/28/04 8°C 1 0 0 0 0 0 1

07/19/04 12’C 16 8 17 0 0 0 41

04/07/05 7’C 34 49 13 12 7 9 124

05/12/05 rc 10 2 0 0 0 1 13

06/09/05 no larvae - - - - - - -

06/27/05 no S. arcticum - - - - - - -

TOTAL 128 83 42 15 14 11 293

X0X0 - female X<)Y2 - IIL-18

X<)Yo - standard male XoY3 - IIL-10

XoY, - IIL-3 XoY4 - IIL-30

15



Table 3: Distribution of S. arcticum at Little Blackfoot River, Garrison, Powell County
Montana.

Females Males

Date Temperature X0X« XflXj X* X0Y0 X»Y! XjY! x«y2 Total

04/27/04 9°C 5 8 9 4 10 9 2 47

06/08/04 10’C 1 13 11 0 3 12 0 40

06/28/04 12°C 6 7 8 1 3 8 1 34

TOTAL 12 28 28 5 16 29 3 121

XoXo - female XoYj - IIL-7st/i

XoXi - female IIL-7 st/i X,Y, - IIL-7i/i

X^! - female IIL-7 i/i XoY2-IIL-3

XoYo - standard male

Table 4: Species distribution at Little Blackfoot River, Kading Campground Powell County 
Montana.

Date S. canonicolum S. defoliarti Helodon onychodactylus Total

05/12/05 29 0 258 287

06/09/05 3 0 99 102

06/27/05 0 10 120 130

TOTAL 32 10 477 519
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Table 5: Species distribution at Little Blackfoot River, Elliston, Powell County Montana.

Date S. canonicolum S. defoliarti S. tuberosum S. vittatum S. piperi P. exigens Helodon
onychodactylus

Total

04/27/04 4 8 0 97 0 0 0 109

05/07/04 4 8 1 121 0 0 0 134

06/08/04 no larvae - - - - - -

06/28/04 56 0 2 0 0 0 0 58

07/19/04 1 0 20 0 0 0 0 21

04/07/05 3 107 0 23 10 3 0 146

05/12/05 0 3 0 2 0 0 3 8

06/27/05 3 22 3 0 0 0 0 28

TOTAL 71 148 26 243 10 3 3 504

Table 6: Species distribution at Little Blackfoot River, Garrison, Powell County Montana.

Date S. canonicolum S. defoliarti S. tuberosum S. vittatum green larvae purple larvae Total

04/27/04 1 9 0 8 0 0 18

06/08/04 54 1 24 0 193 0 272

06/28/04 0 0 1 0 46 0 47

07/19/04 3 2 4 0 76 12 97

TOTAL 58 12 29 8 315 12 434
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Table 7: Autosomal polymorphisms of S. arcticum at the Little Blackfoot River, 
Elliston, Powell County Montana.

Species Date IS-1 IS-2 IL-1 IL-6 IIIL-2 Total

<S IIL-st 04/27/04 1 1

04/07/05 1 1

05/12/05 1 1

$ IIL-st 04/27/04 1 1 2 4

04/07/05 1 1

<$ IIL-3 07/19/04 2 2

04/07/05 1 1

$ IIL-20 04/27/04 1 1

Total 6 1 1 1 3 12
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Discussion

Ecological Separation of Siblings

The correlation between elevation and sibling species distribution based on 

geographical location of portions of the stream has been studied only in Montana 

(Shields, unpub.; Marchion, 2005). In the present study, the abundance of 

S. arcticum s. s. and the absence of S. apricarium at the high and intermediate elevation 

sites suggest that elevation or some other unknown aspect of the environment, such as 

water temperature, influences the distribution of these sibling species. Of the 121 larvae 

analyzed at Garrison, 101 (83%) were S. apricarium', of the remaining 20, three were 

S. arcticum s. s. males, five were S. brevicercum, and 12 were standard females (either S. 

brevicercum or S. arcticum s. s.\ S. brevicercum (50%) and IIL-18 (9%) were abundant 

at the intermediate elevation and completely absent from the low elevation location. This 

and the fact that no S. apricarium were ever observed at any of the upstream sites suggest 

site selection by 5. apricarium females. Hunter and Jain (2000) sought to determine if 

females deposit their eggs at specific locations, namely, natal locations that they were 

familiar with as either larvae, pupae, or adults. They found that females of the species 

studied oviposit in “any ‘apparently suitable’ waterway.” S. apricarium females may 

find the low elevation valleys more suitable than higher elevation mountainous locations. 

The few S. arcticum s. s. at Garrison could be due to the S. arcticum s. s. larvae that had

drifted downstream after oviposition from a higher, and possibly colder location. The 

S. arcticum s. s. high elevation and S. apricarium low elevation distribution pattern has 

been observed in other drainages in Montana as well (Boulder River, Flint Creek, Trout 

Creek, and Canyon Creek/Little Prickly Pear Creek) (Shields, unpub.; Marchion, 2005).
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The similarity between these various drainages across Montana strongly supports the

hypothesis that the distribution of S. arcticum s. s. and S. apricarium is based on

elevation. McCreadie et al. (1997) determined that site selection appeared random but 

their study compared species richness at various sites, and not distribution within a

species complex.

Elliston had the largest diversity of S. arcticum species compared to the other 

sample locations along the Little Blackfoot River. In two summers of research, 293 

S. arcticum larvae were analyzed and combining this with previous research by Shields

and Santoro (unpub.) the total larvae analyzed at Elliston were 433. All of these larvae of 

the S arcticum complex at Elliston were taxa other than S. apricarium. Among the 433 

larvae, a new cytotype was discovered, 11 males of cytotype S. arcticum IIL-30.

Cooler water temperatures with higher elevation seem to play a key role in the 

distribution of these sibling species. The abundance of S. arcticum s. s. compared to 

other black fly species in the high elevation sites at the headwater was low. These 

locations have a colder water temperature than any site below, which suggests that the 

colder water does not support species of 5. arcticum. This was observed at various 

stream sources at other locations in Montana, such as Canyon Creek and Trout Creek 

(Shields, unpub.). Towards the end of summer when the stream water continued to 

warm, S. arcticum larvae were finally observed in greater numbers in the high elevations. 

Further research into how water temperature affects distribution will be needed to 

determine if cold/warm water inhibits habitation by S. arcticum s. s. and S. apricarium. 

Also, studies might be designed to determine exactly what physical features of the 

environment influence the choice of oviposition sites by gravid females.
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Reproductive Status of Siblings/Cytotypes

Fixation of alternative homozygotes between two taxa in sympatry indicate 

reproductive isolation. The occurrence of heterozygotes for autosomal polymorphisms 

between taxa suggests panmixia between those taxa. Autosomal polymorphisms in the 

S. arcticum s. s., S. arcticum IIL-st/st, and S. arcticum IIL-18 at Elliston were not

observed in high frequency. Since autosomal polymorphisms were seen in low 

frequency, the reproductive status for any taxa at Elliston could not be determined. None- 

the-less, S. arcticum s. s. and S. apricarium are reproductively isolated at Little Prickly 

Pear Creek where they occur sympatrically (Rhodes, 2001; Riggin 2003; Shields, 

unpub.). The former is completely fixed for the standard form of the IIS-11 autosomal 

inversion (st/st) while the latter is fixed for the inversion homozygote (i/i; Shields

unpub.).

Status of 5. brevicercum in the Little Blackfoot River

Standard males, consisting of 50% of the total male population, were the most 

abundant species type at Elliston. These males have no paracentric inversions in the base 

of IIL, nor anywhere else in the genome, that would characterize them as any known 

5. arcticum taxon other than S. brevicercum. Adler et al. (2004) described characteristics 

for standard males of S. brevicercum, from the type locality in Cache County, Utah. In 

the present study, these characteristics were compared to the standard males, along with 

S. arcticum s. s. and IIL-18 at Elliston to determine if the characteristics were unique to

the standard males. As indicated in the results, the characteristics of S. brevicercum were

not unique to the standard males, but were observed in the S. arcticum s. s. and IIL-18 

populations as well. This suggests that the standard males at Elliston may not be
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S. brevicercum but are either divergent types of S. brevicercum or “sex-exceptional” 

males. The characteristics of S. brevicercum could be specific to the location, varying 

within the species. Rothfels et al., (1977) lists three explanations for the presence of “sex 

exceptional” chromosomes. The standard sequence of these males could be “ancestral 

relics”, the sequence from which all other sibling species were derived by mutation. The 

other two explanations involve crossing-over, one in which the sex determining locus is 

within the region of cross-over and the other in which the sex locus is outside the 

rearrangement. Both types of crossing over events could produce the standard sequence 

and with the ability to sustain life, be able to survive and reproduce. Further research into

the S. brevicercum characteristics from other streams in Montana and in other states may 

aid in determining if these characteristics are variable and specific to the stream. This 

would support the hypothesis that the standard males are S. brevicercum and not sex-

exceptional males.
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