
Cytogenetics of Simulium arcticum in Lewis and Clark 
and Powell Counties, Montana:

A Test of the IIL-3 “montane” / IIL-7 “prairie” Hypothesis

Submitted in Partial Fulfillment of the Requirements for Graduation 
with Honors to the Department of Natural Sciences at 

Carroll College, Helena, Montana

Tonya D. Santoro 
April 5, 2004



This thesis for honors recognition has been approved for the Department of 
Natural Sciences by:

Dr. Gerald F. Shields, Ph.D. 
Thesis Director, Department of 
Natural Sciences
Manion Chairperson

Dr. MarilyhSchendel, Ph.D. 
Chairperson of the Department of 
Natural Sciences

artment c
Dr Jennifer Geigj 
^Professor of Biol 
Natural Sciences

/u, A

Dr. Linda MacCammon, Ph.D. 
Professor of Theology, Department 
of Theology



Acknowledgements

I offer my sincere gratitude to Dr. Gerald F. Shields, the director of my 

study, for his limitless support in this research endeavor. I was honored with the 

privilege of working with Dr. Shields for two summer’s worth of research, and 

truly gained a mentor as a result. Dr. Shields provided endless enthusiasm and 

knowledge toward the topic of black flies. Furthermore, I learned lessons in the 

importance of curiosity in scientific research, without which this study would not

have been so memorable.

I also wish to thank the Dr. James J. Manion Fund for monetary support, 

without which this study would not have been possible. 1 was truly honored to be 

a presenter at the 2003 Manion Symposium. I thank the Murdock Charitable 

Trust for their support as well. It was my privilege to attend the 2002 and 2003 

M. J. Murdock Science Symposia to share my research with my undergraduate 

colleagues, while learning a tremendous amount from them in return.

The National Geographic Society, through a grant to G. F. Shields, 

provided some of my field supplies as well as reimbursement for some travel 

expenses. I am honored to be supported by such a prestigious foundation that 

emphasizes the importance of scientific research all around the world.

In addition, I extend my thanks to the readers of my thesis, Dr. Marilyn 

Schendel, Dr. Linda MacCammon, and Dr. Jennifer Geiger, as each graciously

offered their time to read my work. I also thank Dr. Gerald F. Shields for 

instructing me throughout the thesis writing process, and for providing such 

knowledgeable guidance throughout the semester.

ii



Abstract

Conventional methods of collection, morphological classification, 

preparation of polytene chromosomes, and analysis were used to study the 

cytogenetics of the black fly, Simulium arcticum, at Canyon Creek (CC) and at 

the Little Blackfoot River (LBR). These sites were chosen for convenience and to 

represent eastern and western flowing streams, respectively, so that the “IIL-3- 

montane/IIL-7 prairie” hypothesis of Shields could be tested. Additionally, CC 

was studied for two summers to test the hypothesis that cytogenetic diversity 

would be similar from year to year and the LBR was studied at two locations to 

test the hypothesis that individual drainages have the same cytogenetic diversity 

in a single year.

IIL-3 S. arcticum was the predominant sibling in both streams; the IIL-7 

sibling of S. arcticum was not found in this study. Cytogenetic diversity at CC 

was similar for both years, except that Prosimulium onychodactylum appeared to 

be absent in 2003. Cytogenetic diversity at two sites of the LBR was also similar 

except that S. decorum, a rare species in Montana, was found in very low numbers 

at the downstream site. A new cytotype of S. arcticum, IIL-18, was found in low 

numbers at CC both years, while it was found in relatively high frequency at the 

LBR in 2003. “Sex-exceptional” types (males having undifferentiated sex 

chromosomes) of S. arcticum were found in high (46.8%) frequency at the LBR; 

additional detailed analysis of these types is warranted.
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Introduction

Cytogenetic studies of black flies (Simuliidae) have been informative 

because the morphospecies of classical taxonomy reveals itself as any number of 

reproductively isolated sibling species when polytene chromosomes of the larval 

salivary glands are analyzed (Rothfels, 1956). Typically, the siblings are 

differentiated by chromosomal rearrangements associated with the sex of the 

larvae (Rothfels, 1956). These observations indicate that until detailed 

cytogenetic analyses are conducted initial species designations based on 

morphology can only be provisional (Shields and Procunier, 1982). Moreover, 

once the cytogenetics reveals the presence of reproductively isolated siblings, the 

siblings themselves are usually described as valid morphospecies when more 

detailed morphological studies are conducted (Rothfels and Featherston, 1981).

The “cytogenetic” approach thus has significant applied scientific value 

since in most black flies females require a blood meal to reproduce and thus have 

a potential significant impact on the livestock industry (Chametski and Haufe 

1981). Moreover, black flies are vectors for blood-bound diseases, such as

onchocerciasis, the biological agent of African River blindness (Walsh et al., 

1981). Finally, Adler (pers. comm.) has shown that only the IIL-8 sibling of

Simulium arcticum takes a blood meal from cattle.

Cytological sibling species have been described in: Prosimulium

onychodactylum (Newman, 1983), P. mixtum (Rothfels and Freeman, 1966), S. 

venustum/ verecundum (Rothfels et al., 1978), S. vittatum (Rothfels and

Featherston, 1981), S. arcticum (Shields and Procunier, 1982) and S. pugetense
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and its allies (Allison and Shields, 1989). Shields and Procunier (1982) described 

four siblings of S. arcticum in Alaska and one in western Canada. Prior to 2000 

no cytogenetic studies had been conducted on the black flies of Montana. The 

relevant biological literature for Montana black flies at that time consisted only of 

a general survey of aquatic insects (Newell, 1970) and an annotated list of and 

keys to the immature black flies of Alberta (Currie, 1986). Based on analysis that 

began in the summer of 2000, Shields and his students have described seven 

sibling species of S. arcticum in Montana and an additional seven taxa that may 

eventually reach sibling species status once their reproductive relationships are 

more thoroughly studied in sympatry. Some of these siblings have broad 

geographic distributions in the northwest while others have been described from 

only one or several sites. A major pattern that emerges is: 1) the IIL-3 arcticum 

sibling occurs generally in mountainous regions of British Columbia, Alberta and 

the northwestern regions of Montana, 2) the IIL-7 arcticum sibling occurs in the 

prairie regions of eastern and southeastern Montana, and 3) the IIL-2 arcticum 

sibling occurs in coastal Alaska, coastal Oregon and extreme southwestern

Montana (Shields, 2004).

The present study was conducted to test this IIL-3 montane/IIL-7 

prairie hypothesis of Shields by studying several drainages flowing to the east and 

west of the crest of the Rocky Mountains.

The hypothesis of this study was that the IIL-7 sibling would be found at 

Canyon Creek, and that IIL-3 would be the dominant type at the Little Blackfoot

River. Canyon Creek was studied for two years (2002, 2003) to test the
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hypothesis that cytogenetic diversity within S. arcticum would remain the same 

from year to year. Finally, I sampled two locations of the Little Blackfoot River, 

Powell County, so that I could address whether diversity was subject to change in 

different places within the same drainage, a question not addressed in previous

studies.
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Materials and Methods

Collection Sites

The collection sites at Canyon Creek (CC) and Little Blackfoot River 

(LBR) were chosen for convenience and for their direction of flow, so that the 

IIL-3 montane/IIL-7 prairie hypothesis of Shields (pers. comm.) could be tested. 

Canyon Creek (Lewis and Clark County), located 16 miles northwest of the 

Carroll College campus, is a tributary of Little Prickley Pear Creek and eventually 

the Missouri River, and represented the site flowing in the northeastern direction 

and potentially comprised of the IIL-7 “prairie” sibling. Two sites were collected 

at the Little Blackfoot River (Powell County) site. One, the “upstream” site, was 

located on Montana Highway 12 just east of Elliston, and adjacent to mile post

22. The second, “downstream” site, was also located on Highway 12,

approximately five miles east of Avon, and near mile post 8. The LBR sites flow 

northwesterly, eventually tributaries of the Clark Fork River, and potentially 

comprised of the IIL-3 “montane” sibling.

Collection Methods

I collected black fly larvae from Canyon Creek throughout each of two 

summers, with approximately three weeks between each collection date (Tables 1 

and 2). This allowed me to both test whether the species diversity changed 

throughout the seasons and from one year to the next. Collection at two sites of 

LBR allowed me to test whether the species diversity of the black flies in general, 

and whether the cytogenetic diversity of S. arcticum in particular, changed if

different locations of the same drainage were sampled.
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Larvae were collected from the aforementioned fresh water streams from

trailing vegetation, twigs, or submerged rocks and were immediately placed into a 

vial containing cold Camoy fixative (3: 1 ethanol: glacial acetic acid). Fixative 

was replaced until the vial remained clear and vials were stored on ice during 

transport back to the laboratory. Mature larvae and pupae were sorted to 

morphospecies (Currie, 1986) based on sub-labial clefts, dorsal head patterns, and

number of gill filaments. Larvae of S. arcticum were sorted by developmental 

stage (e.g. 1st, 2nd, 3rd, and 4th instars). Larvae with gray histoblasts (larval 

respiratory organ) were selected for staining. Sorted larvae were stored at 4°C 

until stained in batches of ten.

Larvae chosen for staining were opened longitudinally on the ventral side

with incisions from below the cleft to the end of the specimen. Once opened, 

larvae were hydrated for 20 minutes in tap water, blotted onto bibulous paper to 

rid them of any excess silk, and hydrolyzed in IN HC1 in 64°C for 9 minutes. 

Larvae were then stained with Feulgen for 20 minutes in darkness, rinsed with 

sulfur water for 10 minutes, and finally rinsed twice with tap water before being 

placed in the refrigerator overnight (Shields and Procunier 1982). The salivary 

glands were then dissected out during the next two to three days. Salivary glands 

were placed in a drop of 50% acetic acid, minced into small pieces and, along 

with both gonads, placed onto a frosted slide. A cover slip was placed over the

preparation and a gentle downward pressure was exerted upon the slip so as to 

spread the chromosomes. Aceto-carmine (1%) was ringed around the coverslip 

and slides not immediately analyzed were placed in —40°C indefinitely.
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Chromosome Analysis

Standard chromosomal maps of the entire genome of S. arcticum (Shields 

and Procunier, 1982) were used to analyze each individual. According to this 

method, the entire compliment is divided into 100 units, starting with the long 

arm of chromosome I (IL), continuing through the centromere toward the short 

arm (IS), then through the long arm to chromosome II (IIL), and so on. All 

chromosomal variations (e.g., inversions, interchanges, duplications, deletions, 

centromeric band dimorphisms, and presence of B chromosomes) were scored. 

The Shields and Procunier (1982) nomenclature method for cytotypes began with

IIL-1, the first to be scored, and was followed by IIL-2 and so on.

Much of the emphasis of this study (Shields 2004) was directed at the long arm of 

chromosome II, the region which tends to have the most sex-linked variation in S. 

arcticum. In IIL, S. arcticum females tend to possess a standard sequence, while 

males tend to be heterozygotes with one standard sequence and one homolog with

sex-associated inversions (Shields and Procunier, 1982).

Species Designations

Chromosomal rearrangements (the majority being paracentric inversions 

in S. arcticum) lead to specific designations as to type (Rothfels, 1956). They 

include 1) autosomal inversions such as IIL-4 (Shields and Procunier, 1982) that

are not linked to sex; 2) inversions linked to sex but for which there is not yet

evidence for reproductive isolation within the population (these types are 

provisionally referred to as cytotypes); and 3) sibling species that are 

characterized by a specific inversion associated with sex and for which there is
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strong evidence for reproductive isolation (e.g. the IIL-3 and IIL-7 siblings of S. 

arcticum at Little Prickly Pear Creek (Rhodes, 2001)).
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Results

Species Diversity - Canyon Creek

The diversity of morphospecies of black flies during 2002 and 2003 is 

considerable (Table 1). S. arcticum occurs early (Feb.-May) as well as late (June- 

July), but these generations of arcticum are separated by emergences of other 

species, namely Prosimulium onychodactylum, P. exigens and S. canonicolum in 

late May and early June of 2002 (Table 1). Despite the temporal separation of 

morphospecies of S. arcticum at Canyon Creek, the cytogenetics of the taxon 

remains similar not only from early to late summer but also from 2002 to 2003. S. 

arcticum is clearly the dominant morphospecies at Canyon Creek, having the 

largest numbers of larvae that emerged at any time. Though P. onychodactylum 

was represented by the 100s in collections of 2002, apparently it did not occur at 

Canyon Creek in 2003. The massive emergence of P. exigens in June of 2002 

was considerably reduced in 2003 (Table 1).

Cytogenetic Diversity - Canyon Creek

The genomes of 102 S. arcticum larvae (62 males and 40 females) were 

compared for cytogenetic diversity and the base of chromosome IIL was 

emphasized in this analysis. IIL-3 S. arcticum was the dominant sibling at 

Canyon Creek as it constituted 94.4 and 87.2% of all male S. arcticum scored for

2002 and 2003, respectively. The main cytogenetic difference between 2002 and

2003 lay in the presence of one female and one male IIL-6 type in samples 

collected on 7/29/03 (Table 2). S. arcticum IIL-18 (Fig. 1), new to science, 

occurred as a single individual in both years (Table 2).
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Species Diversity - Little Blackfoot River

With only two exceptions, species diversity in the two drainages (Canyon 

Creek and the Little Blackfoot River) was similar (Table 3). P. onychodactylum, 

which occurred at Canyon Creek (May 6-May 31 collections; Table 1) was absent 

at the Little Blackfoot River (Table 3).

The species diversity of LBR upstream was much greater than that of the 

downstream site. The diversity upstream included four morphospecies: S. 

arcticum, S. canonicolum, P. exigens, and S. tuberosum (Table 3). The 

downstream LBR site included two morphospecies: S. arcticum and S. decorum

(Table 3).

Cytogenetic Diversity - Little Blackfoot River

Cytogenetic diversity in the two drainages of LBR was similar. As at 

Canyon Creek, IIL-3 S. arcticum was the dominant sibling at the Little Blackfoot 

River. Differences between the two sites include the presence of: 1) more sex- 

exceptional types (i.e., males that are standard for the IIL sequence), 2) IIL-2 

arcticum and 3) a higher proportion of arcticum IIL-18 types at the Little 

Blackfoot River (Table 4).

The IIL-7 type of S. arcticum was not observed in any collections of this 

study. There were more individuals analyzed at this site than at CC, with 140 

total genomes scored (78 males and 62 females).
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Table 1. Species Diversity of Black Flies at Canyon Creek, 
Montana, 2002-2003.

Collection
Dates

Morphospecies Developmental
Stage

Number

Feb. 16, S. arcticum 1st and 2nd instar 100s
2002*

April 7* S. arcticum 2nd instar 100s
April 23* S. arcticum All; pupae 100s

S. canonicolum 2nd instar 1
P. 2nd instar 2

May 6
onychodactylum 

S. arcticum All 100s
S. canonicolum All 10

P. All 100s

May 13
onychodactylum 

S. arcticum All 316
S. canonicolum 1st and 2nd instar 11

P. 2nd and 3rd 101

May 31
onychodactylum 

S. arcticum lst-3rd instar 22
S. canonicolum All 166

P. All 13

June 15
onychodactylum 

P. exigens All 1000s
July 9* S. arcticum 1st and 2nd instar 100s
July 22 S. arcticum All 3566

April 16, S. arcticum All 100s
2003*

May 13 S. arcticum 3rd instar 4
S. canonicolum All 50

P. exigens lst-3rd 7
June 5 S. arcticum All 54

S. canonicolum All 69
P. exigens 3rd and 4th 13

July 7 S. arcticum All 2120
*collections by G.F. Shields (pers. comm.)
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Table 2. Sex-linked Chromosomal Diversity Within S. arcticum at 
Canyon Creek, Lewis and Clark County, Montana, 2002 and 2003.

Date XoXo XoYo XoY, x0y2 x3x3 XoY3
4/23/02 1 1 9 0 0 0
5/13/02 12 2 7 1 0 0
7/22/02 2 0 1 0 0 0
4/16/03 5 2 17 1 0 0
5/13/03 10 1 5 0 0 0
7/9/03 2 0 2 0 0 0

7/29/03* 8 1 10 0 1 1
Xo = standard, Yo= standard, Yi = IIL-3 inversion, Y2 = IIL-18 inversion, Y3 and 
X3 = IIL-6 inversion, total females scored = 26, total males scored = 40,
*= scoring by Shields (pers. comm.).

Table 3. Species Diversity at Little Blackfoot River, Upstream and 
Downstream, 2003.

Collection Dates, 
upstream

Morphospecies Developmental Stage Number

March 30* S. arcticum 1st -3rd 50
April 17* S. arcticum 2nd 3rd 300

S. canonicolum 3rd 1
P. exigens 3rd 1

April 28* S. arcticum All 200
May 13 S. arcticum All 13

P. exigens lst-3rd 7
July 9 S. arcticum All 416

S. tuberosum Pupa 1
S. canonicolum 4'*1 1

August 5 S. arcticum All 1418

Collection Date, 
downstream

June 29 S. arcticum All 100s
S. decorum 2nd 3rd 6

*collections by G.F. Shields
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Table 4. Sex-linked Chromosomal Diversity Within S. arcticum at the Little 
Blackfoot River, Powell County, Montana 2003.

Date X0Xo XoYo X0Yi XqY2 X0Y3 X0Y4
3/30/03 8 17 11 4 0 0
4/17/03 22 6 3 11 1 0
4/28/03 14* 5 0 1 0 0
5/13/03 5 2 1 1 0 0
6/5/03 0 2 0 0 0 0

6/29/03 9 3 2 0 0 2
7/9/03 0 0 1 0 0 1
8/5/03 4 2 2 1 0 0

Xo= standard, Yo= standard, Yi = IIL-3 inversion, Y2 = IIL-18 inversion,
Y4 = IIL-2 inversion, Y5 = IIL-13 inversion, total females scored = 58, total males 
scored = 79, * = one standard female with a deletion in one homolog, and 6/29/03 
represents the downstream site.

Figure 1. Chromosome IIL of S. arcticum with Observed Inversions,
JJJLxi_____ _
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Discussion

The first objective of this study was to test the IIL-3 “montane 

northwestem”/IIL-7 “prairie eastern” hypothesis of Shields (pers. comm.) by 

sampling Canyon Creek (east) and the Little Blackfoot River (northwest). I 

accept my hypothesis that IIL-3 would be found exclusively in the northwest, but 

I reject my hypothesis that IIL-7 would be found in the east. The IIL-3 sibling of 

S. arcticum dominated at each site and during both years at CC. The IIL-7 S. 

arcticum did not occur in any of the collections of this analysis despite the fact 

that it occurs throughout eastern Montana (Shields, 2004). Also, both the IIL-3 

and IIL-7 cytotypes of S. arcticum occur sympatrically at Little Prickley Pear 

Creek downstream of CC, but do not hybridize there (Rhodes, 2001; Riggin, 

2004). Thus, the approximately 20 miles separating the collection sites at Canyon 

Creek and the Little Prickley Pear Creek are sufficient to show presence of 

different siblings.

The males sampled from Canyon Creek showed a high frequency of 

heterozygosity, in which one homolog of IIL was standard and the other was 

inverted (e.g., st/i). Some males, however, did demonstrate a double standard 

sequence in IIL. It may be possible that only some of the cytotypes are sex- 

related, while others have not yet become fixed in the population.

The hypothesis that sibling species diversity at Canyon Creek in 2003 

would be similar to that of 2002 was upheld. The only exceptions were the 

absence of P. onychodactylum in 2003 and the presence of two individuals of the

CORETTE LIBRARY 
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IIL-6 type in 2003. Thus, both morphospecies diversity as well as cytological 

make-up remained fairly constant in Canyon Creek from one year to the next.

I also questioned whether sibling species diversity would be similar when 

samples were drawn from different locations of the same stream. Sibling species 

diversity at the two locations of the Little Blackfoot River was in fact similar. 

Alternatively, the considerable cytological diversity at LBR as well as 

prominence of undifferentiated males differs markedly from Canyon Creek, 

which possessed only three types of inversions and very few standard males. 

Finally, a cytotype, IIL-18, new to science, was observed in both years at Canyon 

Creek and in 2003 at the Little Blackfoot River. Such a discovery could not have 

been predicted since IIL-18 was undocumented prior to 2002. That this type 

occurs at both study sites is interesting, given that the two creeks are separated by

a mountain range and at least 20 miles.

Recent knowledge in Montana black fly cytogenetics offers support for the 

IIL-3 northwest and IIL-7 east hypothesis of Shields, although with several minor 

exceptions. At the Yellowstone River, an eastern drainage (Livingston, Park Co., 

Montana), the IIL-3 S. arcticum sibling was observed at a frequency of 33% 

(Shields, 2004). Moreover, Shields (2004) identified IIL-3 with a 1% frequency

at the Madison River. Finally, IIL-7 arcticum, an “eastern” sibling, occurs at a 

1 % frequency at Blackfoot River, a western site in Missoula County. The overall 

picture that emerges regarding the distribution of these wide-spread siblings of S.

arcticum is that while IIL-3 is distributed to the north and west and while IIL-7 is

distributed east and south, the two siblings cross the crest of the Rocky Mountains
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in some cases. Thus, the Rockies are not a barrier to dispersal. Collectively, the 

data suggest that IIL-3 arose north and west of our central study sites, while IIL-7 

arose to the east and south. A logical assumption is that the two siblings have 

come into contact in the center of our range of study after considerable divergence 

in allopatry. Molecular studies of cytoplasmic DNA (Xiong and Kocher, 1993) 

and nuclear DNA (Moulton, 2002) could resolve this suggestion by the 

construction of DNA based phytogenies of IIL-3, IIL-7 and other siblings of S. 

arcticum. These studies are being planned (Shields, 2004).
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