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ABSTRACT 
The toxicity of two piscicides, Fintrol"' and Prenfish1<, to Columbia spotted frogs (Rana 
luteiventris), long-toed salamanders (Ambystoma macrodactylum), and Rocky Mountain tailed 
frogs (Ascaphus truei) of varying life stages was determined from 96-hr tests. The 96-hr LC50 
values for Fintrol ranged from 13.7 to 192 µg/L, and for Prenfish the range was 0.009 to 9.65 
mg/L. Tailed frog larvae were the most sensitive to both piscicides, surviving exposure to I introl 
as low as 3.7 µg/L, and having IO-percent mortality to the lowest test concentration of Prenfish 
tested (0.005 mg/L). Spotted frog adults survived exposure to Fintrol at concentrations six times 
the label prescription and survived exposure to Prenfish up to 4.5 times the label prescription . 
Long-toed salamander larvae survived exposure to Fintrol at levels ~30 percent higher than the 
label prescription, but had a similar sensitivity to Prenfish as some species offish. om paring the 
results of these tests with tests on fish and other amphibians showed that when used in the field, 
Fintrol would likely not have an impact on any of the species or life stages tested, and Prenfish 
would not likely impact adult amphibians but could have an impact on larvae. 

Key words: Antimycin, Fintrol®, rotenone, Prenfish®, Columbia spotted frog, long-toed 
salamander, Rocky Mountain tailed frog, salamander, frog, larvae. 

I NTRODUCTION 
Antimycin and rotenone are active 

ingredients in piscicides commonly used 
for fisheries management and commercial 
aquaculture. However, despite increasing use 
nationally (Finlayson et al. 2002, McClay 
2005), there is limited published information 
available that evaluates effects of piscicides 
on non-target organisms such as amphibians 
(Cutkomp 1943, Schnick 1974a, 1974b, 
Chandler and Marking 1982), and to our 
knowledge there is none for the Columbia 
spotted frog (Rana luteiventris), long-toed 
salamander (Ambystoma macrodacty/um), 
and Rocky Mountain tailed frog (Ascaphus 
truei). It has been shown that piscicides 
generally do not affect amphibians at 
label-prescribed dosages for fish removal 
(Schnick 1974a, 1974b). For example, 
several antimycin field trials conducted by 
Berger ( 1964, 1965a, 1965b, 1966a, 1966b) 
showed no effect on adult and larval frogs, 

and evaluations of rotenone-treated lakes in 
northwest Montana showed in most case 
that amphibians persisted after treatment 
(Grisak 2003). These three amphibian 
species commonly coexist with trout in 
lakes and streams in northwest Montana. 
What effect using piscicides for native trout 
conservation or to improve sport fisheries 
in northwest Montana could have on these 
specific amphibians remains unknown. 

Piscicide applications in northwest 
Montana are typically conducted in the 
autumn or fall. During this time period, 
cool water temperature and lower intensity 
of sunlight help maximize piscicide 
performance, water flow is typicall) low and 
amphibians have generally metamorphosed 
and migrated to wintering habitats. Long­
toed salamanders and Columbia spotted 
frogs use lakes in the spring for breeding 
and depo iting eggs. then immediate)) 
return to forested areas and semi-aquatic 
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habitat (Marnell 1997). Larvae of both 
species metamorphose by fall and then 
follow similar behavior patterns as adults. 
This life history cycle favors conducting 
piscicide treatments in the fall when theses 
species are in advanced metamorphic stages 
and moving away from targeted aquatic 
environments. Tailed frogs are dependant 
on streams for their three-year larval stage 
and adults remain close to streams or in 
nearby wetted areas for the majority of their 
life (Werner et al. 2004, Jones et al. 2005). 
Consequently, a larger portion of the tailed 
frog population is more likely to be subject to 
exposure to piscicide-treated water. 

The goal of any piscicide treatment is 
to remove unwanted fish, while minimizing 
effects to non-target organisms. Here we tested 
the piscicide brands Fintrol® (antimycin) and 
Prenfish® (rotenone) on spotted frog adults, 
long toed salamander adults and larvae, and 
tailed frog larvae to (1) determine the acute 
effects of the piscicides on these species and 
(2) compare these results with toxicity tests on 
other amphibian and fish species. 

METHODS 
We used the American Society for 

Testing and Materials - International 
Standard Guide for Conducting Toxicity Tests 
on Test Materials with Amphibians (ASTM 
2002) as the basis for our methodology. Tests 
were conducted at the Montana Fish, Wildlife 
and Parks facility in Kalispell in 2003 and 
2004. Field crews used dip nets to collect 
spotted frog adults and long-toed salamander 
adults and larvae from lakes (1750-1850 
m elevation) in the Swan Mountain Range 
of northwest Montana in September. These 
individuals were segregated, quarantined 
and acclimated at the test facility in 1850-L 
tanks for at least 14 days. We fed them a diet 
of dipteran larvae and arthropods until 48 hr 
prior to the experiments. Field crews used 
dip nets to collect tailed frog larvae from 
Hungry Horse Creek in December. These 
were held for no longer than 24 hr in 1850-L 
tanks at the test facility. Tailed frog larvae 
feed primarily on epilithic periphyton, so 
prol_onged quarantine and feeding in the test 
environment was not practical. 
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We used Flathead River water for all 
quarantine, acclimation, and testing (mean 
values were: dissolved oxygen, 9.2 mg/L 
(8.8-10.4); alkalinity, 87 mg/L (86-89); 
conductivity 179 µSiem (174-186); hardness, 
92 mg/L (88-96); pH, 8.1 (8. 1-8.2); TDS, 
98 mg/L (90-103)). The test chambers 
were 55-L glass aquaria. Because little is 
known about the sensitivity of these species 
to the piscicides, we first conducted test 
concentration range-finding evaluations, 
and chose the range of test concentrations 
that were separated by at least 0.6 of the 
next highest concentration (ASTM 2002). 
The number of individuals in the tests 
was constrained by their availability from 
wild sources. Tests on adult spotted frogs , 
larval salamanders, and adult salamanders 
were conducted with five individuals in 3 
L of water (3.5, 2.6 and 2.6 g/L loading, 
respectively). Adult spotted frogs could 
remain submerged with their nostrils exposed 
while in a sitting position. Salamander 
larvae stayed completely submerged, but 
adults could keep their heads out of water. 
Tests with tailed frog larvae were conducted 
with 10 individuals in 6 L of water (1.7 g/L 
loading). We replicated each concentration 
of piscicide tested, and tests on each species 
and life stage included replicated controls. 
Antimycin testing of adult salamanders was 
limited to one concentration due to a limited 
number of test animals. The tests ran for 96-
hr using the renewal technique (ASTM 2002) 
in which we completely replaced treated and 
control water every 24 hr. 

Our target test water temperature was 
10 °C to mimic fall water temperatures 
during a typical piscicide application in 
Montana. We maintained water temperature 
by regulating air temperature in the lab using 
a thermostatically controlled natural gas 
heater and monitored it (every 15 min) using 
Onset® Optic Stowaway then11ographs that 
were housed in each control chamber. The 
mean water temperature during the tests was 
9.6 °C (7.7-11.6). The photoperiod of the 
facility was similar to the natural photoperiod 
(10: 14 hr light: darkness). 

We made concentrated stock solutions 
of antimycin and rotenone daily. Antimycin 



consisted of equal proportions of Fintrol­
concentrate 23-percent (w/w%) active 
ingredient and Fintrol dilutent, plus 
nonoxynol-9 (as recommended by the 
manufacturer to maintain solubility as a 
surfactant) at a volume of 15 percent that of 
the Fintrol mixture. Fintrol-concentrate was 
placed in a wam1 water bath before mixing 
to ensure the soy lipids were in solution 
before making the stock. The rotenone came 
from Pren:fish 5 percent active ingredient 
liquid fomrnlation. Piscicides were dissolved 
in distilled water to make stock solutions. 
We added the appropriate amount of stock 
solution to test water using Nichiryo® 
model 5000DG 200-1000µ1 and 10-50µ1 
digital micro pipettes to achieve the desired 
concentrations. For reporting purposes, and 
to remain consistent with the product labels, 
references to Fintrol are of active ingredient, 
and references to Prenfish are of formulation. 

Test organisms that were fed did so 
readily until they were removed from feeding 
24 hr before testing and did not appear to be 
stressed during the quarantine and acclimation 
period. Over the 96-hr test period we recorded 
mortalities at scheduled intervals (hr 1, 2, 4, 
8, 12, 24) daily. We defined mortality as no 
movement, no reaction to gentle prodding 
with a glass instrument and no visual signs of 
life. During the tests, we observed no large 
differences in the progression of mortality 
between each replicated test concentration and 
all control organisms survived. We combined 
results of replicated test concentrations to 
calculate mortality at each concentration 
and for each species. The median lethal 
concentration (LC50) for each test was 
calculated using the Probit Method (Furney 
1978) and the Trunmed Spearman-Karber 
Method (Hamilton et al. 1977) with the 
U.S. Environmental Protection Agency's 
Probit Analysis Program, version 1.5 and the 
Trimmed Spearman-Karber Method Program, 
version 1.5. 

RESULTS 
Fintrol was toxic to these three amphibian 

species over a wide rage of concentrations. 
The only behavioral change observed in any 
of the amphibians exposed to Fintrol was 

that adult spotted frogs relaxed their legs and 
lowered their heads below the water line. We 
observed no discoloration of any amphibians 
exposed to Fintrol, as is common in fish 
(Rosenlund and Stevens 1992). With tailed 
frog larvae, we first observed mortality after 
8 hr of exposure to the highest concentration 
(300 µg/L; Fig. 1). Minunum concentration 
that caused mortality (15%) was 7.5 µg/L 
after 96 hr of exposure. The 96-hr LC50 for 
tailed frog larvae was 13. 7 µg/L (Table 1 ). 
Salamander larvae mortality was first observed 
after 4 hr of exposure to concentrations of 300 
µg/L and greater. Maximum concentration 
that caused no lethal efTects on salamander 
larvae after 96 hr was 15 µg/L. The 96-hr 
LC50 for salamander larvae was 81.7 µg/L 
(Table 1). Adult salamanders were exposed to 
only 7.5 µg/L of Fintrol, following the same 
protocol, and all survived the 96-hr period. 
The first sign of mortality in adult spotted 
frogs occurred at 250 µg/L after 52-hr and 
96-hr exposure to this concentration, only 
70 percent of the specimens died. Maximum 
concentration level that had no observable 
effect to adult spotted frogs was 60 µg/L at 96 
hr and the 96-hr LC50 was 192 µg/L (Table 1 ). 

The amphibians we exposed to rotenone 
displayed no clinical signs of toxicity such 
as surface gulping or loss of equilibrium as 
is common in fish (Brown and Ball 1943, 
Parker 1970, Loeb and Engstrom-Beg 1971, 
Teixeira et al. 1984). With the tailed frog 
larvae, the first sign of mortality occurred 
at the 8-hr observation interval at Prenfish 
concentrations of~ 0.35 mg/L. The 96-hr 
LC50 for tailed frog larvae was 0.009 mg/L 
(Table 1). We first observed mortality in 
larval salamanders after 2 hr of exposure to 
~ 14.5 mg/L, and all concentrations tested 
caused complete mortality after 72 hr. Adult 
salamander mortality was first observed after 2 
hr of exposure to 116 mg/L, and the minimum 
concentration tested (3.5 mg/L) caused 50 
percent mortality after 96 hr of exposure. With 
spotted frog adults, we first observed mortality 
after 1 hr of exposure to concentrations of~ 
73 mg/L. The maximum concentration level 
that had no observable effect on adult spotted 
frogs after 96 hr was 4.5 mg/L (Fig. 2) and the 
96-hr LC50 was 9.65 mg/L (Table 1 ). 
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Figure 1. Toxicity of Fintrol (µg/L) to three amphibian species after 96 hours. 
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Table_ l. The 24-hr and 96-hr LC50 values(± 95% CI) for Colwnbia spotted frogs Iong-t ed alamanders 
and tailed frogs exposed to Fintrol and Prenfish. ' 

Fintrol (µg/L) Prenfish m L 

--=-~ ~s-:-p_ec_ie~s----:--:----l_ife __ st_ag_e ___ 2_4_h_r ____ 9_6_h_r ____ -=-24~hr _ ___ _:96 hr 

Columbia spotted frog Adult >250 a 
(---) 

192 
(141-313) 

41 .5 9.65 

Long toed salamander Adult 

Larvae 

Tailed frog Larvae 

225 
(150-300) 

77.6 
(66.3-90.7) 

a - no effect at greatest exposure (250) within 24 hr 
b - exposed to 7.5 µg/L for 96 hr with no mortality 
c - lowest level (0.23) caused 70 percent mortality at 24 hr 
d - lowest level caused 100 percent mortality at 72 hr 

DISCUSSION 
Trout are considered among the most 

sensitive fish species to antimycin (Walker 
et al. 1964, Gilderhus et al. 1969) and are 
the target fish most likely to co-exist with 
the amphibians we tested. Fintrol label 
prescription for removing trout is 5-10 
µg/L of antimycin. In our tests, spotted 
frog adults survived Fintrol up to six times 
that amount, and on ly 70 percent mortality 
occurred at 25 times the label prescription. 
These findings agree with the results of a 
field trial in Wisconsin that used 10 ug/L 
of Fintrol and had no effect on adult and 
larval frogs (Ranidae spp.) or salamanders 
(Ambystomidae spp.) (Gilderhus et al. 
1969). Comparisons of 96-hr LC50 values 
for Fintrol showed that adult spotted frogs 
are 16 times more tolerant than leopard 
frogs (Rana pipeins) (Lesser 1970) and 
3840 times more tolerant than rainbow 
trout ( Oncorhynchus mykiss) (Marking 
and Dawson 1972). Long-toed salamander 
larvae had only 10 percent mortality at the 
amount prescribed for trout and to attain 
100 percent mortality required 15 times that 
amount. Similarly, adult tiger salamanders 
(Ambysloma tigrinum) survived exposure 
to 80 µg/L antimycin over 96-hr (Walker 

b 

81.7 
(66.8-99 .1) 

13.7 
(11 .1-16.7) 

(33.9-50.9) 

8.0 
(6.6-9.8) 

<0.23 C 

(---) 

0 037 
(0.030-0.047) 

(7.8-12.0) 

3.5 
(0.8-4 9) 

<0.23 d 
(---) 

0.009 
(0.007-0 012) 

et al. 1964), but succumbed to 600 µg /L in 
24-hr (Berger 1966c ). Tailed frog larvae 
were more susceptible to Fintrol than other 
species tested; even then, onl)' 5 percent 
of tailed frog larvae died at concentrations 
specified for trout (5-10 µg/L). and thi s 
response occurred after 72 hr of exposure 
and three complete reconstitutions of the test 
material. By comparison. six species of fi sh 
tested by Gilderhus (1972) succumbed to thi s 
concentration within 0.5 to 6-hr. On the basis 
of the LC50 values, tailed frog larvae shov .. ed 
greater tolerance than 21 specie of fish. v .. ith 
only the black bullhead being more resilient 
(Berger et al. 1969, Marking and Dawson 
1972). 

As with antimycin, trout are considered 
among the most ensitive fi sh species to 
rotenone (Gilderhus 1972). Prenfish label 
prescription for normal pond use is 0.5 to 
1.0 mg/L of formulation, and this range is 
used in Montana \\-hen trout are the target 
species. Both alamander and spotted frog 
adults urvived 96-hr exposure to the e 
concentrations, but tailed frog lanac did 
not. Furthermore, the no obsen able effect 
concentration for spotted frog adults was 
4.5 to nine time greater than the label 
prescription for normal pond use ~alamander 
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adults were 15 times more tolerant of 
Prenfish than the larvae based on 96-hr LC50 
(3.5 mg/Land< 0.23 mg/L, respectively) 
(Table 1). Although this study could not 
determine the Prenfish level that had no 
observable effect to larval salamanders 
or larval tailed frogs, under laboratory 
conditions apparent sensitivity of these life 
stages suggests that some mortality could 
occur during normal fie ld use of Prenfish. 

Comparing our findings with 96-hr 
LC50's of rainbow and brook trout (0.046 
mg/Land 0.044 mg/L, respectively; Marking 
and Bills 1976) showed the respective 
tolerances of spotted frog adults and 
salamander adults are 210 and 76 times 
greater than those fish species. Larval 1 
salamanders were about five times more 
tolerant than the trout, but larval tailed frogs 
were about five tin1es more sensitive than the 
trout. 

In conclusion, our findings indicated 
that when applied in the fie ld according to 
the label prescription for trout Fintrol would 
not have an impact on any of the species or 
life stages tested, Prenfish would not have 
an impact on the adult amphi bians we tested, 
but could impact larvae if present in the 
treatment zone. Some of our results showed 
that achieving an effect on amphibians would 
require prolonged exposure to Prenfish. 
Piscicide applicators should also consider 
that under field conditions, natural factors 
such as water chemistry, vegetation, and light 
intensity might greatly reduce persistence 
of piscicides, which could increase larval 
amphibian survival (Marking and Dawson 
1972, Marking and Bills 1976, Chandler 
and Marking 1982, Dawson et al. 1991). 
lnlplementing piscicide treatments in the fall 
when adult amphibians typically are not in 
the treatment zones or after the larvae have 
metamorphosed wi ll also lessen impacts to 
non-target amphibians. 
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TOXICITY OF F INTROL ( ANTIMYCIN) AND 

PRENFISH® {ROTENONE) TO SLIMY SCULPIN 

Grant G. Grisak, Montana Fish, Wildlife & Parks, Great Falls, MT 59405 
Mark E. Schnee, Montana Fish, Wildlife & Parks, Kalispell , MT 59901 
Gary L. Michael, Montana Fish, Wildlife & Parks, Kali spell , MT 59901 
Donald R. Skaar, Montana Fish, Wildlife & Parks, Helena, MT 59620 

ABSTRACT 

1n 96-hr acute toxicity tests on slimy scu lpins with Fintrol11i exposures of 4 to 240 µg/L, the L 50 
was 6.1 µg/L; and with Prenfish® exposures of 0.0156 to I mg/L, the LC50 was 0.024 mg/L. 'J he 
highest concentration of Fintrol that had no observable effect was 4 µg/L. J, intro I was less toxic 
to slimy scu lpins than Prenfish at levels pre cribed by their labels to completely remove trout. 
The Fintrol Use Direction Leaflet describes scu lpins as sensitive species, but our results showed 
this species response is similar to highly resilient species such as the channel catfish (96-hr L ~50 
9.0-21.7). The response of slimy sculpins to Prenfi sh was similar to other salmonids. 

Key words: Antimycin, Fintrol®, piscicide, Prenfish®, rotenone, slimy sculpin, sculpin. 

I NTRODUCTION 
Some conservation programs for native 

trout species in the western United States 
use piscicides such as rotenone or antimycin 
to remove non-native fish from lakes and 
streams in preparation for native trout re­
introductions. Because the habitat and range 
of several sculpin species overlap those of 
many western native trout species (Scott 
and Crossman 1973), use of piscicides for 
trout conservation shou ld consider potential 
impacts to other non-target or native 
species present in a treatment area, such as 
sculpins. There is no known information 
available that assesses rotenone toxicity to 
sculpins and only limited information about 
antimycin toxicity to sculpins (Gilderhus 
et al. 1969). The slimy sculpin (Coitus 
cognatus) is a common sculpin species 
in western Montana (Holton and Johnson 
2003) and a good candidate for conducting 
a toxicity assessment. We conducted this 
study to assess the acute toxicity of two 
commercial fomrnlations of piscicide, 
Fintrol® (10% antimycin) and Prenfish<K (5% 
rotenone) to the slimy sculpin. 

M ETHODS AND MATERIAL 
To assess acute toxicity we used the 

96-hr renewal technique described by the 
American Society for Testing and Materials 
(E 729-96) (ASTM 2002) with some 
modifications. Because the slimy sculpin is 
an uncommon species for this type of testing, 
and availability is limited by wild sources, 
we used fish from multiple year classes. We 
collected sculpins from East Spring Creek 
near Kalispell, Montana, in April 2006 using 
a battery-powered electrofisher (pulsed DC, 
300-V, 30-Hz duty cycle) and immediately 
transferred them to a Montana Fish Wildlife 
and Parks laboratory facility in Kalispell. 
The fish were quarantined in an 1850-L 
tank for 16 days, and actively fed on a diet 
of dipteran larvae and arthropods until food 
was discontinued 48 hr prior to the tests. 
We observed no negative impacts from 
electrofishing (Barrett and Grossman 1988, 
Snyder 2003). Water for quarantine and 
testing came from East Spring Creek (total 
alkalinity, 214 mg/L; conductivity, 426 µS, 
cm; hardness, 224 mg/L; pH, 7.9; mean daily 
temperature 10.7 °C [9.8-12.l]). During 
the quarantine and testing dissolved oxygen 
(DO) was measured twice daily with a digital 
meter and the mean daily DO was 85 (84-86) 
percent of saturation. The test chambers were 
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55-L glass aquaria. We added 20 L of stream 
water and five sculpins to each chamber (0. 7 
g/L loading). 

To remain consistent with the product 
labels, references to concentrations of Fintrol 
and Prenfish are of active ingredient and 
formulation, respectively. We tested seven 
concentrations of Fintrol ( 4, 6, 8, 10, 60, 
120, 240 µg/L active ingredient) and one 
non-treated control, and six concentrations 
of Prenfish (0.0156, 0.03125, 0.0662, 0.125, 
0.25, 1 mg/L formulation) and one non­
treated control. Each test concentration 
and control was replicated once to assess 
variation in response. We randomly arranged 
the aquaria in the lab. The primary purpose 
of the renewal technique was to periodically 
expose the test organisms to fresh test 
solution of the same composition (ASTM 
2002, section 3.2.3). We did this by replacing 
the test solution in each chamber every 24 
hr with freshly prepared stock solutions 
and fresh water mixed at the appropriate 
concentrations. Water in the non-treated 
controls was similarly replaced every 24 hr. 

Mortality inspections occurred each 
day at 1, 2, 4, 8, 12, and 24 hr. Results 
from each replicated test concentrations 
were pooled (five fish replicate = 10 fish 
concentration) to calculate mortality at 
each concentration. During the Fintrol test, 
one fish in a non-treated control chamber 
died at 96 hr, but this loss was within 
the acceptable limit described by ASTM 
(section 13.1. 7) (2002). We determined the 
96 hr LC50 (median lethal concentration) 
values and 95-percent confidence intervals 
(C.I.) using the Probit Method (Finney 
1978) and the Trimmed Spearman-Karber 
Method (Hamilton et al. 1977) with the 
U.S. Environmental Protection Agency's 
Pro bit Analysis Program, version 1.5 and 
the Trimmed Speannan-Karber Method 
Program, version 1.5. 

RESULTS 
Our tests showed Fintrol was toxic to 

slimy sculpins at concentrations ranging 
from 6 to 240 µg/L (Fig. 1 ). The highest 
concentration at which no mortality was 
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Figure 1. Toxicity of Fintrol (antimycin) to slimy sculpins in 96-hr laboratory tests. 
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observed was 4 µg/L, and at 10 µg/L the 
first mortality (l 0%) occurred after 60 
hrs. The 96-hr LC50 for Fintrol was 6.1 
~tg/L (95% C.I. 5.1-6.9 µg/L). Complete 
mortality occurred after 8 hr exposure to 
concentrations of ~ 120 µg/L, and after 24 
hr exposure to 60 µg/L . We observed only 
slight discoloration of some sculpins exposed 
to Fintrol , and no apparent difTerences in 
swimming or other behavior between the 
treated and control fish . 

Prenfish concentrations of ~ 0.25 mg/L 
caused 100 percent mortality after two hours 
of exposure (Fig. 2). At these concentrations, 
the fish swam erratically and exhibited surface 
gulping behavior commonly associated with 
rotenone toxicity. The lowest exposure used 
in this test (0.0156 rng/L) caused 10 percent 
mortality at 96 hr. The 96-hr LC50 for Pren fish 
was 0.024 mg/L (95% C.I. 0.018-0.031 mg/L). 

DISCUSSION 
Sculpins are listed on the Fintrol Use 

Direction Leaflet as a sensitive species that 
can be completely removed from a water 

body with concentrations of 5 lo 10 µg/L. 
Correspondence with the manufacturer 
during our tests indicated the infomiation on 
the leaflet has not been updated since 1975 
(M. Romeo, Aquabiotics Corp, personal 
communication, 2006), and \Ve \\ere able to 
find only a single reference in the scientific 
Ii terature regarding Fintrol [ antim} cin] 
toxicity to the mottled sculpin (Col/us 
bairdi). Gilderhus et al. ( 1969) reported 
an timycin applications of l 5 µg/L for 5 hr 
and IO µg/L for IO hrs in two Wisconsin 
streams resulted in complete mortality of 
mottled scu lpin s. Our results indicated 
that 5- 10 µg/L would be insufficient to 
completely remove slimy sculpins during 
a typical 8-hr stream treatment. Only 
concentrations > l 20 µg/L resulted in 
complete mortality within 8 hr, and at the 
highest label-recommended concentration 
(10 µg/L), mortality of slimy sculpins did not 
start until after 60 hrs of exposure. The results 
of our tests show that this species response 
is closer to other non-scaled fishes like the 
channel catfish (lctalurus pzmctatus ), which 
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has 96-hr LC50 values ranging from 9.0 to 
21. 7 µg/L (Berger et al. 1969, Marking and 
Dawson 1972). When compared to toxicity 
results of rainbow trout ( Oncorhynchus 
mykiss), brook trout (Salve/inus fontinalis) and 
Jake trout (S. namaycush) (Berger et al. 1969), 
our results show Fintrol is between 87 and 152 
times less toxic to slimy sculpins. 

The results of our tests and comparisons 
with toxicity information on other fish species 
suggest Fintrol would not have an impact on 
slimy sculpins during a typical 8-hr treatment. 
As recommended by the Fintrol Use Direction 
Leaflet, applicators should consider conducting 
on site assays to evaluate species sensitivity 
and make adjustments for differences in water 
chemistry at each site. 

We could not find any published literature 
on the toxicity of rotenone to sculpins. 

Marking and Bills (1976) reported toxicity 
results for twenty-one fish species tested 
under conditions similar to ours, using similar 
rotenone formulations. Their 96-hr LC50 
values of three salmonid species were: rainbow 
trout, 0.046 mg/L; brook trout, 0.044 mg/L; 
and lake trout, 0.026 mg/L. Our results show 
that Prenfish toxicity to slimy sculpin is similar 
to lake trout, but Prenfish is nearly twice as 
toxic to slimy sculpins than it is to rainbow 
trout and brook trout. On this basis, slimy 
sculpin would likely be impacted by Prenfish 
during typical trout removal projects. 
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As TRACT 
nd r I nding population biol g fa specie · is critical for its suc:c:c sful m, nagcmcnt. We 

obtained in omrntion on mo cmcnt, grov.1h, and a Ii\, it) le, ch; from four population. of o pcr's 
Rocky Mountain snail ( Oreohelix coop ri) in the Blad. I !ills . . outh Dal.ota. during 3) through 

eptcmber 2005 fr m a imple mark-recapture set-up. Grid population density cstim:.11c tor 
ea h of the~ ur it rru1gcd from 145 to 795 indi iduals. c obseived 1110,cments up t 7.2 m. 

oi ture wa more important than temperature in determining the presence of oupcr·s Kl ck) 
ountain nail within a site. rowth wa not Cl ntinuous across the '>Ca'>on. but 1.0111.:cntratc<l in 

interval . Different population maintained distinct dil crcn cs in shell sl/e. !though \\C i.:oul<l 
not tatistically xplain diam ter difference . eh p thcsi ✓e that population dcnsil) , ran ,e of 
moisture condition e. ·p ricnccd. or another habitat characteristic, i ... I illcr thkl.;ncs!-., ma_ 
influence overall size of indi iduals. Our results demon trated that marJ...-rec.aptun: method., can be 
u d for monitoring population of we tern land nail as, II as anS\\ er important demo 1 raphic. 
ecological, and life hi lOI)' que tion . 

Key , ord : den ity e timate, growth. mark-r capture, mo ment. Oreohelix. snail 

I TRODUCTIO 
Oemograph and other ecologically 

important information are sc re l lacking 
C r man in ertebrates. or tho e spe ie 
with management concern , e.g., land nail . 
thi reates much difficulty for planning. 

n~ rtunately, funding prioritie oft n do 
not al low for field tud to an wer the very 
qu tions that would make management 
decision ea ier. 1lrn . we pre cnt data 
to illustrate how even a ingle- ca on 
field stud can an wer questions ital I 
important to under tanding the ecol g of an 
invertebrate specie . 

As a case in p int. , e report 11 

the land nail spe ie . ooper" R k. 
ountain snail. al known a the Black 

llill Mountain nail, (Oreoh /ix cooperi 
Binney 1858), which re ides primaril) 
in the Bia k II ills of outh Dakota and 
W)oming although a recent genetic tud) 
indicated that i olat d p pulati ns exist in 
M ntana (\: ea er et al. 200 ). rve 
(2006) lists the global talus as T2 . 
meaning they con ider it a vulnerable 
ub. pecie although they current)) list it 

a 0. strigosa cooperi. '\ii re ini imrnti n 
on proper ta.·onom} for this species 
app ar in Wem er ct al. C:WO ) and Wemcr 
(unpubli hed data). ll1i pe ies i ranl.cd 

2 in uth Dal-.. ta ( ature Sef\c 2 06). 
meaning it i ,ulncrablc to e'\tin t1on 
Wy ming ame and fish D partment 
(2005) include opcr· Ro k) \1ountain 
nails on their Ii . t f \\') oming pe ies ol 

Greatest n en ati n 'ced (2005 ). The 
Black I !ill ational F re t has designated it 
a managem nt indicator p cie •. TI, DI 

ish and Wild I if e en ice wa. petit10ned 
to includ ooper·. Ro k) 1ountain nail 
on the threaten d r endangered pecic. Ii t 
and i . ued a 90-da) rnling that scientific 
infonnati n _ upporting a listing \\as not 
pre ented (LI DI Ii hand Wildl1fc . en ice 
2006). Inde d. lack of infonnati n 1 • a 
problem in e,aluating man) aspe<.:ts of th 
biolog1 and e ol gy of per·. R k) 
Mountain snail. I ore ample. a pc ie 

e. ment prepared r r the L' D \ T·orc. t 
cniee list resear h rrioritte that include 

topics ranging from ta on m) top pulation 
i7e to mO\ ement ( ndcrson 200 ). 
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Our work wa part of a study de igned 
to idcntif) and develop a practical mark­
recapture protocol to monitor populations of 
Cooper's Rocky Mountain snai ls in the Bia k 
1Ji1ls. We present ba elinc density estimates. 
In addition. we incorporated other important 
question • into the study. 

pecifically, we address three main 
question . First. hO\ doe individual hell 
si1:e vary over the ea on? Tracking the 
range of izes within a population can help 
detenninc the age tructure of the population. 
Tracking growth al o might determine 
whether growth is incremental or continuous. 
In addition, information on shell size 
allows for comparison among populations. 
Other tudies (Frest and Johanne 2002, 

ndcr on et al. 2007) report difTerence 
among populations in the ize of the shell. 
Frest and Johannes (2002) even sugge led 
that the e ize difTerences indicate separate 
species although genetic data presented in 
Wen er ct al. (2006) di puled thi . However 
these previous studies utilized specimen 
collected during a short window of time or 
from different sites al diITerent time of year. 
The current stud) pro ided an opportunity to 
track ize aero the summer sea on to te t 
whether size differences among population 
resulted from timing of collections. 

econd, how much horizontal 1110 cment 
occur within populations? I olation of 
population might cause con ervation 
concern . Genetic result sugge t substantial 
gene flow among population , even tho e 
separated by distance. That i . haplotypes 
were pre ent in multiple, non-adjacent 
populations (Weaver et al. 2006). Gene 
flow ugge ted that population are not 
isolated; however actual migration has not 
been ob erved, and field studies have not 
examined how much movement occur . We 
provide data on the mobility of these snails. 

Third, how do activity periods vary by 
eason and microclimate? Activity periods 

are in1portant not only for feeding and 
breeding of snail but al o ma_ influen e 
long-tenn growth. For example, if nail 
are more active at moi ter ites. the e ites 
might produce larger snails. Ander on ct 
al. (2007) were unable to relate temperature 
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or moi ture t size differ nces at particular 
ite based on soil m a uremcnt taken at 

the time of collection although long-term 
temperature data indicated a correlation to 
shell ize. lJ1cluding a ross-sea on data from 
our study may how relation hip among 
temperature, moi lure. and size. In addition. 
understanding when snail ar ae ti ating 
may help manager identify a timeframe 
when management activities\ ould be least 
deleteriou to nails. 

MATERIAL AND METHOD 
We set up grids at four locations (Fig. I) 

previously scouted for presence of ooper's 
Rocky Mountain nail. ites included rocky 
lopes with arious amounts of tree co er that 

included ponderosa pine (Pi1111 ponderoso), 
spru c (Picea glouca). birch (Be11t!o 
papyrifero), and a pen (Popu/us tremu/oides). 
Grids consisted of four rows of fi e sampling 
tations placed 2 m apart. At ach ampling 
talion, we placed a 0.5- x 0.5-m ply, ood 

or pressboard board flat on the ground to 
function as a "trap." Boards were 1 ft in place 
~ 24 hrs before the first trapping sc ion. 

At each trapping it , we marked 
individual nail at initial capture with 
fingernail poli h and an individually 
numbered bee tag (www.beework .com). For 
each nail, we recorded trap lo ation, number 
of whorls, and hell diameter u ing caliper . 
We also recorded and mea ured indi idual 
at each ub equent recapture. After marking. 
we returned nails to the location of capture. 

We al o recorded oil temperature and 
moi ture at each board u ing a Wek ler oil 
thennometer and a Quick Draw 2900Fl oil 
Moi ture Probe ( oi!Moi ture quipm nt 

orp.). Moi ture wa measured a the oil 
uction in centibars. o a lower reading 

indicated higher ii moi ture content. When 
ite became too dry or w re too rocky. 

the moi ture probe could not be in erted 
and r ading were not tak n. Late in the 
ea on the moi t11rc prob malfunctioned, 
o reading ould not be taken on the la t 
ampling i it at ome location . 

We initiall i it d ea h ite on three 
consecuti e da s and then at _-wk int rvals 
thereafter. ampling did not begin w1til w 
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Figure I. Location of ampling grid u ed in thi s tudy. 

observed that snails were "active" i.e., me 
snails found moving around on the urface 
or at least e tended out of their hell . Due 
to cold late pring temperatures, we did not 
ob erve snail acti ity until late ay and 
began trapping then. no, and closed roads 
also impacted earl access to some site . o 
initial sampling da s were not the same for all 
sites. For example. the r ad leading toward 
Timon ampground was closed ~ r repair 
until very late spring, o we did not beg in 
ampling at that site until late June. ampling 

continued at all sites through late, eptember. 
Genera l assumptions of mark-recapture 

ana ly es include ( I ) marked indi , idual were 
repre entati ve of the entire population, (2) 

mark , i.e. , bee tag , were not lo t and did not 
afTect behavior or patial arrangement of. nail . 
(3) each marked indi idual had an equal han e 
of being recaptured. and ( 4) tudy duration 
\\as hort enough as umc clo. ure (White et 
al. 1982). lthough the e as umption. \\ere 
not pecifical I)' te ted. \\e found no rea on to 
believe that the animal captured and marked 
did not repre ent the population a av.hole. We 
u ed bee tag in a stud)' of another land nail 
. pecie (i.e.. nder on 2000) and a sumed the) 
would he cquall) reliable for this tudy. 

The grid density c timatcs \\e report 
u cd clo cd p pulation model . 111e c 
models as ume birth. death. immigration. and 
emigration did not occur during amplin-. 
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Other assumption were rela ed to varying 
degrees depending on the model that we 
. elected. Becau e nail· ae tivate under 
unfa\'orable conditions, we expected models in 
which capture probability varied with time (t) 
would fit the data better than models in which 
capture probability was held constant. Capture 
probability also varied among individuals, 
so we also con idered model that allowed 
for beha\loral (b) variation to capture and 
individual snail variation (h). 

We analyzed mark-recapture data using 
program MARK (White and Burnham 1999) 
to obtain population d nsity estimates. Each 
trapping session was considered a separate 
sampling occasion. Model selection criteria in 
program Mark uses a series of goodness-of-fit 
tests of the e models and provided a way to test 
appropriateness of models for our data. 

ome may argue that open models are 
more reali tic for these population since 
we observed some mortality and tL<ipect 
movement off the grid. We could not obtain 
estimates from an open model, the Jolly- eber 
option in Mark, for this data due to lack of 
numerical convergence lo detem1ine if they 
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were similar to closed e timat . Pre edence 
fi r u ing clo ed m del fi r snail population 
e ti mate appears in Anderson (2000) . 
Although some mortality ccurred during 
the study, we lik ly began sampling after the 
majority of offspring were bom for the year; 
Anderson et al. (2007) found that mo t brood 
were released before June. We al o did not 
ob erve such extensive surface mo ement that 
would indicate nails moved ofJ the grid in 
large numbers. Therefore, a clo ed model at 
this time scale hould reliably estimate density. 
We explored the impact of iolations of the 
clo ure as umption on the robu tne s of our 
den ity e timates in the di ussion section. 

ize, whorl number, moi ture, and 
temperature data were analyzed using 
Micro oft Office xcel 2003 ( icro oft 
Corp.) and JMP Version 4.0.2 ( A Institute, 
Inc.). For individual growth analy es, the fir I 

three ampling se ions were lumped. Whorl 
number and diameter were highly correlated in 
the e am pies (Fig. 2) and in a pre ious tudy 
(Anderson ct al. 2007), and either measure 
might be used to examine size. Whorl were 
Jifficult to count on the mallest indi iduals 

15 20 

• Timon 
Trebor 
Iron Creek 

x Beaver Creek 

Figu~e 2. Rel~t!onship b~tween num?er of whorls and hell diameter at each of the am piing 
locations. In_d1v1dual nail captured m lat June (from sampling date neare t 23 June from 
each population) are plotted. Timon (whorls= 0.28-42 diameter + 1.2768. R2 = 0.66. n = 40), 
Trebor (\~horls = 0.3343 diameter + 0.8746, R2 = 0.76, n = 12), and B aver reek (whorl = 
0.3207 diameter+ ?,821, R1 = 0. 77, n = 39) appear to ha e a diffi rent lope than Iron r ek 
(v,horls = 0.1625 diameter+ 2.1862, R2 = 0.80, n = 14) although this wa n t te ted due to the 
small sample ize at Iron Creek. 
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with ut a mi r ith ut practi e. Due 
to a learning curv for ounlin wh rl , whorl 
c uni · during May might be le reliable 
than those conducted durin June r lat r. 
Thu , \i cu ed diameter for indi idual growth 
analy es becau e it seemed a more pre i e 
me, ure. me indi idual. h wed negati e 
gr wth that might ha been du to damag d 
shell , human error, or aliper prcci ion. 11 the 
<le rea e wa < 0.1 mm, e as urned it due 
t aliper pre i i n, and adju Led gr wth lo 

zero. If the decrca e wa > 0.1 mm. the cau ·e 
could not be determined after the fact, so the 
indi idual , a remo ed from the indi idual 
growth analyses. Wee amined individual 
~ rowth in two eparate ay . Fir ·t, a erage 
hange in diameter of indi idual recaptured 
n ub equent trapping essions (~ 2 \ k 

apart) wa e amined for all four ite . At two 
of the ite that had more re apture ( Bea er 
and Tim n), plotted total change in 
diameter of indi idual caught at initial capture 
and ub equently recaptured. Total change in 
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diameh::r fall n: aptures ,,a Ill t ubdi, ided 
t a we kl) rate be au ,, found e, iden e 
that gro,,1h wa • not n t nt a ro the s1.:a. on. 

We evaluated mO\cment from sue essi\ 
l ati n or recaptured individual in e 
preci e pathv.ays or movement ,, ere unkn ,, 11. 

we estimated movement di tan for tho e 
indi, idual recaptured tmdcr dillcrcnt b ards. 
The ·e e timatcs assumed straight-line dist.in e. 
fr m the mid-point t the anl ,,here thc. nail 
was )riginall> captured to the mid-point (lt' the 
board '"'here it w.is rccaptun:<l. 

R LT 

Grid Den it Estimate\ 
The original purpose of th1. study wa 

t detcnnine if our mark-recapture mclht ds 
might be useful for monitoring, an<l \\l! 

btaincd c timates of snail den it) on cai.:h 
grid. umber of captures, recapture , and 
grid den ity varied among sites ( I ig. . I ahlc 
I). Th model selection procedure in the 
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Figure 3. Total indi'viduals captured at ach sampling date at each site .. c\\l) captured 
indi idual and recaptured indi idual are als h0\.\.11. 
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able 1. Grid den ity estimate for Oreohelix cooperi at four locations. 

Site Estimate Standard 95% Total No. No. of Date of Recapture No. of 
(model) Error confidence of unique sampling first rate (No. dead 

interval individuals sessions sampling individuals rect:N• 

caught session recaptured/ eries 

Bea• 483 (Mu,) 272 304-1.740 292 
ver 

Creek 
153 (Mlb) Iron 152 90-1 ,018 86 

Creek 

Timon 795 (Mlh) 65 687-945 415 
Camp 

Trebor 145 (M1) 22 114-202 

CAPTURE option of program MARK cho e 
models that reflected differences in capture 
rates at different ampling occa ions as 
expected. M,h (Burnham 's M,b) was the mo t 
appropriate model (model selection criteria = 
1.0, with oth r models at :S 0.89) for two of 
the sites (Iron Creek and Beaver r ek). For 
the Trebor site. model M, (Table 1) had the 
highest election riteria value ( 1.0, with all 
other being ::: 0. 7). 

For the Timon site, the density e ti mat 
from model M11, (selection criteria 0.91) appear 
in Table I. Although the M,h model had a higher 
selection criteria, it produced a much higher 
estimate (8953) with a much larger standard 
error ( E = 28,696) than tho e produced by 
any other models for thi site. The e den ity 
estimates were most likely to be u ed a 
minimum estimates. so we rejected the high M,h 
estimate in favor of that from model M111 . 

Individual Growth 
Change in diameter was not constant 

across summer but occurr d in spurts (Fig. 
4). Average changes in diameter of ~ 0.1 
mm occurred in early July among three 
populations. The Trebor population howed 
a diffi rent pattern with a 0.09-mm a erage 
change from late May to early Jun but onl 
a 0.02-mm average change in early July. 
Small numbers of recapture at Trebor might 
have affected our results. 

Time of growth also varied by individual 
with some recaptured indi iduals howing 
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74 

total ind) 

12 26 May 29% 18 

11 6Jun 29% 

10 27 Jun 33% 6 

12 26 May 26% 

virtually no seasonal growth wherea others 
grew sub tantially (::: 0.5 mm; Fig. 5). 

Shell Size by Populations 
Individuals from all four populations 

showed a strong correlation betw n numb r 
of whorls and diameter ba ed on analyses of 
individual captured at the trapping se ion 
lo e t to 23 June (Fig. 2). Although sample 

size were not similar enough to allow tati tical 
analyse of the lopes of linear relationship , 
iron Creek eemingly had a much larger change 
in diameter as whorl number increa ed. 

We tracked average shell ize of all 
captured individual aero the ummer 
(fig. 6). From th se data. date of collection 
clearly did not influence our conclusion 
that shell ize varied among populations a 
similarly reported in previou tudies (Frest 
and Johannes 2002, Anderson et al. 2007). 
Even if amples were measured at Iron Creek 
at the point in the eason in which average 
shell size wa mallest, the would stiJI b 
larger on average than ample from other 
population at any time during the ea on, 
provided more than a small number of 
amples , ere measured. 

The range in a erage diameter al o 
differed among population . We det cted 
only a 0.3-111111 difference in a erage diameter 
aero the eason at the imon ite (Fig. 
6), whereas the Iron re k and Tr bor ite 
indicated ranges of> 2.0 mm. A linear 
regre ion indicated that a crag diameter 
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Figure 4. hange in diameter in indi idual nail captured on subsequent trapping sessions 
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Figure 5. Individual shell gr wth aero the sea on at the Beaver r ek and Timon sites. 
Individuals captured on the fir t day of sampling that were re aptured at an} time later in the 
eason are plotted b their change in diameter. 
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total numb r of indh iduals caught on ome occa ion . 

increa ed aero the ummer at Beaver reek 
(average diameter= -108 + 3.66e-8 date, 
R~ = 0.52. P = 0.0082) and Trebor (average 
diameter= -534 + 0.0000002 date, R2 = 0.80, 
P = 0.0002) sites. The Timon ite appeared 
to flanen out during late ummer (a erage 
diameter= -55 + 1.98e-8 date, ,.2=co.38, linear 
regre sion P=0.0559). The late start date at 
thi ite may have affected the trength of our 
re ults. We did not detect a linear increa eat 
the Iron Cre k site {average diameter =-1 12 
+ 3.88e-8 date, R~ = 0.034, P = 0.58). The 
result on Iron Creek were urely biased by 
the small ample izes in eptember. 

Tracking number of whorls of all captured 
individuals from selected dates al o suggested 
that small individuals became le s abundant as 
the season progressed (Fig. 7). Whorl number 
suggests that populations hifted towards more 
mature adults as the sea n progrc ed. Thi 
provides further evidence that most births 
occurred early in the sea n. 

20 Amlenm, and Scl11111dt 

Snail Activity 
TI1e number of snail caught aried 

among sampling ses ion aero the ummer 
(Fig. 3). nail numbers peaked at all ile in 
late May or early June except for the Timon 

ampground site at which , e did not begin 
ampling until late June. nail apparently 

became le acti ea um.mer progre ed 
although a econdary peak occurred in late 
July (Bea er reek) or late ugu t (Iron 

reek, Timon, and Trebor) before number 
plummeted in cpl mber. 

Interpretation of panem hov.rn by 
new (unmarked) individuals and recaptured 
indi iduals (Fig. 3) was difficult. e, nail 
did not contribute a con tant prop rtion 
to the population, nor did the percentage 
of recapture uniform I increa e a ro 
the ea on. ln tead ome variation in the 
percentage of nc, . r apturcd. nail 
o curred o er time. 
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Figure 7. Di tribution of whorl number at elected ampling date . l::arly. middle. and late 
ummer date are hown fi r compari on. 

nail al o were not uniformly di tributed 
aero a ampling ite. umber of nail 
captured differed among the board on a grid 
(Fig. ) that ugge ted patial ariation. t 
three ite (Iron reek, Timon, and Trebor) 
there ere ome board at which we captured 
no nail on any ampling occa ion. Thi 
uggested that for ome rea on, ome board 

were not a de irable for nail acti ity 
a other . Moi ture and temp rature data 
pro ide ome in ight imo thi phenomen n a 
di cu ed bel w. ote that at ome ampling 
time . b ard were out of place either through 
animal di turban e or from liding downhill. 
When the board had moved. no data \! ere 
available for that ampling es i n. Date 
and boards affected ere I) Bea er reek 
on 24 June (82 and 2). 4 ugu t ( I. 2. 
and 3 ). 20 ugu L ( 2). and 29 eptember 
( 2), 2) Iron reek n July (DI), and 3 

eptember (85). 3) Timon n 27-29 June (81. 
2, DI, and D5). and 4) Treb r on 11 June 

( I,D2).23June ( I. I. 2),7July(BL 
B3). and 20 ugu t (B ). 

Mo ement 
Mo t recaptured indi\ tdual r maine<l 

under the ame board a ngmall) captured. 
Howe er, 20 individual h wed me 
mo ment betv,:een ampling o as1 n. 
(Table 2). The number f mobile mdt\idual 
differed among p pulat1ons. Percent 
movement, i.e., number of ind1\ 1dual • that 
m c total re aptured. ranged from 5 
p rcent at the Timon lie to IO percent at the 
Iron reek ite. 

b ef\ed m \ement \-.ere mostly to 
adJacent b ard . which would be a distance 
of approx imatel 2 m \\e cakulat d straight­
line di lance. becau e the path tra\eled 
wa • not known. We recaptured only 1 • 

individual at a board that required mo\ement 
of a di lance > 2 m. The I nge t movement 
re orded wa b1 an md1v 1dual at th Timon 
1le that m ved a minimum of 7.- m betv,een 
July and 22 July. lntere. tingly. thi 

ind1v1dual al o '-hO\-.ed two other mO\ement 
,;, 2 m between other . ampling ca ion . 

Table 2 11lu. trate. horizontal mo\ement. 
but " rt1cal movement wa al o Ii ely mce 
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boards (]-5). so board A3 refers lo the thiird board iin the first row of the grid. 
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Table 2. Individual Recaptured at Different Location 

Trebor Draw (74 total individuals, 25 recapture events, 8% movement) 

Individual 

811 
812 

Capture Dates 

11 Jun, 7 Jul 
28 May, 7 Jul 

Locations 

CS to 05 
CS to D5 

Beaver Creek (292 total individuals, 127 recapture events, 7%movement) 

Individual 

828 
018 
022 
043 
043 
059 
G7 
G42 
G73 

Capture Oates 

21 Jul, 4 Aug 
26 May, 21 Jul 
27 May, 7 Jul 
28 May, 24 Jun 
24 Jun, 17 Sept 
28 May, 20 Aug (dead) 
28 May, 21 Jul 
10 Jun, 4 Aug 
24 Jun, 4 Aug 

Locations 

82 toA4 
85 toC4 
84 to C4 
D3 to C3 
C3 to 83 
A4 to 84 
C1 to D1 
83 to 84 
83 to B4 

Iron Creek (86 total individuals, 29 recapture events, 10%movement) 

Individual 

G18 
G48 
G61 

Capture Dates 

7 Jun, 21 Aug 
23 Jun, 3 Sept 
8 July, 22 July 

Locations 

C4 toes 
83 to 84 
D4 to 05 

Timon Campground (415 total individuals, 191 recapture events, 5% movement) 

Individual 

G19 
G19b 
G19c 
G23 
G57 
G67 
818 
881 
B97 

24 Anderson and Schmid/ 

Capture Oates 

27 Jun, 8 Jul 
8 Jul, 22 Jul 
22 Jul, Aug 5 (dead) 
29 Jun, 22 Jul 
28 Jun, 29 Jun 
28 Jun, 3 Sep 
22 Jul, 21 Aug 
22 Jul, 3 Sept 
22 Jul, 21 Aug 

Locations 

83 to C1 
C1 to A4 
A4 lo C1 
83 to A4 
83 to A1 
84 to 83 
A3 to 82 
C3 to B3 
D2 to C2 

Estimated Distance 

2m 
2m 

Estimated Distance 

4.Sm 
2.8m 
2 m 
2m 
2m 
2m 
2m 
2m 
2m 

Estimated Distance 

2m 
2m 
2m 

Estimated Distance 

4.Sm 
7.2m 
7.2m 
2.8m 
4.5m 
2m 
2.8 m 
2m 
2m 



ne\ nail \ ou ld appear al a b ard at a 
higher rate than new uld logicall pe l 
if horizontal m ement rate f onl 5 t 
10 p r cnt w r th nl mo cment that 
occurred . 

oil Temperature and Moi ture 
oil t mperature and moi ·ture varied 

<111 ng and \i ithin ite ( Fig . 9 and I 0). A 
compari. n f ite • uggest that the range f 

experienced b the nail on the 
light( am ng itc (Table 3). 

regre i n anal i of the a erage 
t mp ratur /board again t th a erage 
number of captur /board a ro all arnpling 
dat ugge ted that temp rature did not 
trongly influ n th number of nail 
aptured (P > 0.05) at an f ~ ur ite . 

Regr ing the a erage temperature a ro 
b ard per ampling dat again t the total 
apture ga ea ignificant relation hip at the 

Ti mon it only (P = 0.0140), but combining 
all ite i lded no ignificant relationship. 

Moi ture had a slightly trongcr 
influence than temperature on the number 

Beaver Cr ek 

80 , 

70 

60 I _.. 
i50 

•O .... 
Te . oC 

30 

20 

10 1 . 
0 

Timon 

105 - 30 
95 
BS 25 

75 I' 

65 I 
55 • I ,,, 
45 • . 
35 
25 
15 

Sampling Date 

aptured. regre 1011 an, I) sis 
of th av rage moi ture acr dat oard 
again t the a,crag numb r f capture oard 
wa ignificant nl) f r the Timon site (P 

0.000 I). U ing the a, crage moisture reading 
aero . b ard . sampling date again t the total 
number ol captures p r am piing date, a not 
sigmficant for an, indi\ 1dual sites. I lm c, er. 
when data from all site "ere comhincd, the 
a, cragc moisture reading/ amplin~ dah! was 
related to total number of apturc 'sampling 
date ( P 0.0073 ) .. ome of the moi ture 
analyses might have hcen sli •htl) biased 
be ausc we did not take moisture readin lace 
in the sea n allcr the prohc malluncti, ned 
or \\hen itc. became too hard to insen the 
probe. aptures at thcs times \\Crc er, I " 
although we mi ht ha\:c dctcctcJ a tro;, •er 
relati nship if these data \\ere available. 

The boards pro" ideJ a sli1.!11th cooler 
and moister microcnvironmcn7 th;n the 
urrounding unco\crcd habitat . lemperaturc 

and moi ·ture readings \\ere taken under and 
adjacent to board 83 during ca h sampling 

Iron Cree 

30 

25 . 
20 . 
15 • 
10 • • 
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0 . . 

Trebor 

30 
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Figure 9. A\cra~e tempcratur and moisture measurements at each I cati n. ·n,c pl tt d p in 
arc an average ol the measurements across all CO\er hoards on ca h parti ular sampling date. 

l'op11/atiu11 f)t·m111(mpl11 11/a I cmd S11a,I ,\pt·c1c~ 11f( ' r1mt·1'\al11111 <'011 trn 111 th BICI I,;. /11/11 _5 
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Figure 10. Variation in temperature and moi ture within sites. Averages are taken from each 
board aero s all the sampling occasions during the summer. 

Table 3. Range in temperature and moi ture by ite and date. 

Site Low Temp, °C High Temp, •c Moistest, Driest, 
in centibars in centibars 

17 (21 Jul) 7 (26 May) 28 (21 Jul) Beaver Creek 

Iron Creek 

Timon 

3 (29 Sep) 

5 (28 Sep) 

4 (28 Sep) 

14 (8 & 22 Jul) 

12 (22 Jul) 

8 (28 Sep) 19 (23 Jun) 

17 (21 Aug) 23 (27 Jun) 

Trebor 5 (26 May, 28 Sep) 14 (23 Jun) 10 (26 May) 24 (7 Jul) 

occasion. A matched pairs compari on 
detected a difference (P < 0 .05) for both 
temperature and moisture. Temperature 
averaged 0.8 °C higher outside the board than 
under the board. Moi ture reading averaged 
2 centibars lower out ide the board than 
under the board. 

D1scu 10N 

Reliability of Density E ti mates 
The ooper's Rocky Mountain nail 

populations technically iolated ome 

26 Anderson and Sdm11d1 

assumptions for closed population modeling 
i.e., no migration and no mortality. Howe r, 
gi en that ob erved migration di tance 
were low compared to the grid ize and that 
ob erved mortality was low, closed mod ls 
eemingly pro id d useful stimates (Wbite 

et al. 1982). According to White et al. ( 1982), 
the c efficient of ariation of population 
e timates ( e(N) ) hould be < 20 per enl 
for preci e e timates. Two of four coefficient 
of ariation for the e timate (Timon and 
Trebor) reported in thi tudy fell below 20 



per ent, o th . e e timate w re pre ·umabl) 
rcali tic. tim, tcs for the other 1' o site 
)- ield d higher tandard errors o ma) ha c 
b en le pre i e. In addition. a\crag 
e ·ti mate of pr bability of apture (p) at all 
ri ur site er low (0.07), ""hich r duced 
reliability o our m del •. 

It houl<l be n led that the e estimate· only 
prcdi led the number of sn ii · on the trapping 
grid it. elf nd not the ntirc populati 11. e <lid 
not mca ure the total area that snai I actuall) 
inhabit at each site. which int.le <l was diffi ult 
to detennine ince nails apparently \,\ere n t 
alway vi ible; thus, the grid timate wa not 
e. trapolated to a wider area. 

Ith ugh ome ites appar ntly had 
den er populati n than other , direct 
compari n among ite fr m ur limited 
data might be u pect. ampling es ion 
, ere not condu ted on the ame days 
although grid i1e were equal at a h ite. 

di cu ed below. snail activity aried 
aero the summer, and thi may ha e 
affected the number of nail ob erved at a 
particular time. 

ln addition, grid al all ite ma not 
co, er the same amount of "ideal' habitat. 
For example, grid at omc ile . e.g .. 
Trebor. ma ha e been placed at the edge 
of the population rather than the enter. 
,-.hi h might have redu ed number of 
nail obsen ed. patial \ariation in nail 

acti ity wa C\ ident (Fig. 8), ,.,_hich hO\ 
how capture aried among b ard at each 

ire. lthoue.h ,, c atkmpt d to pla l: grid 
in area ,, here hell r Ii, c nail \\ ere 
bscned. pre iscl) predic.tmg snail ad 1, If) 

across the entire gm! before sampling hcgan 
,,a impractical. 

Despite the omplicatiom, surrounding 
the estimates. thi stud) prO\ ideJ the onl) 
repeatable. marl,;-rel.apture <lcnsil) estimates 
for an) land snails from the ,,est cm United 

talcs as far a \\C could determine lrom 
searche or published literature. ( ur 
results demonstrated that a nrnrl,;-rcr.:apture 
protocol \\ ith grit.ls or CO\ er-hoard trap 
an eJlccti,el) sef\c as a useful .. ,iap:· 

The prolowl <les rihc<l here is repeatable. 
and. if desired. estimates can he usc<l to, 
comparison in a long-tcnn monitoring 
program. c suggest that the estimates hc 
u<,ed onl) as densil) csti111at1.:s or minimum 
e ti mates of populations on the g, id am! '<>I 
e~trapolated as full population estimate . 

pr ccdcnt for such monitoring c ist in 
lo\,\ a\\ here a marl-.-rccaptun: prolocol is 
being used for monitoring of the kdcrally­
endangered Iowa Pleistol.cne !-.nail. ( Di.\c II\ 

111occli11tocki; I lcnf) ct al. 200 ). 

Compari on, ith Pre\. ious 
E timate 

ompari. on between these results ant.I 
den sit) c. ti mate. pn \ ided b) fore t and 
Johannes (2002) arc J1fh ult to interpret ( Tahlc 
-l ). TI1eir e timate. arc ha ed on a, craging 
counts from 0.25-m' quadrat random I) 
pine d around a site on one parti ular day. 

Table 4. ompari on t den ity e timate b)- Frest and Johanne (2002). 

Site 

Beaver Creek 

Iron Creek 

Timon 

Trebor Draw 

Frest's 1999 
estimates of 
sna1ls/m; (nearest 
Frest location 
number) 

5-10(82) 

2-10 (83) 

4 (1 ) 

10-15 (19) 

Up to 20 (87) 

Snails1m2 

derived from 
the population 
estimates in 
this study 

4,8 

1.5 

8.0 

1.5 

Low sample 
sna11s•m2 (da e) 

0.6 (29 Sept) 

0.2 (16 & 28 Sept) 

4 (28 Sep ) 

O ( 6 Sept) 

High sample 
snails m2 (da e) 

4 (28 May) 

4 (6 June) 

9 (2 g) 

3 (27 ay & 20 Aug) 

l't1pula1w11 f>t•mo,:ropln of a I and Snml \1u·, 1t•1 1J/ < mHt·n "'""' <,,.,,, ,.,,, 111 1/ie Hlod. 1/1/1,; 



For comparison with this study, two different 
calculati ns were made. Fir t, we u ed grid 
population estimates (Table I). For this 
purpo e, we assumed that the area ampled 
included not just the area under the boards 
but also between board and a slight buffer 
around the board , for - IO m x IO m area. 
Thus, we divided population e timat s by 100 
for the number of nails/m 2. ote that density 
estimate were based on recapture probabilitie 
and not ju t on numbers of snails from a 
sample. For perhaps a more direct comparison 
to Frest and Johannes ' methods numbers 
from each sampling occasion were examined 
individually and were divided by 20-number 
of 0.25-m2 boards used as traps-then 
multiplied by fo ur to obtain an estimate/m2. 

The lowest and highe t of these estimates also 
appear in the table to illu trate the range. 

xact rea ons for difference between 
these e timates remain unknown, but several 
methodological pos ibilitie are a ailable. 
First, collection ile from Frest and 
Johannes (2002) are not an exact overlay of 
areas that grids were placed in this rudy. In 
fact, in ome ca es they did their sampling at 
quite a distance from the sites in thi tudy, 
i.e .. the Beaver Creek ite from which Fre t 
and Johannes (2002) had no sample near 
the campground but pro ided e timate from 
other site along the creek. ince di tribution 
of nails i patchy, it i difficult to make 
comparisons from different locations. 

econd. as can be seen from the low/ 
high estimates, date of sampling can heavily 
innuence results when e timates ar ba ed 
on data from a single day. In addition, it is 
unknown if the co er board u ed iJ1 thi 
tudy would increa e the probability of 

viewing snails aero the summer o er what 
would be seen in a quadrat without a cover­
board: however. ob erved recapture rates 
of 26 to 33 percent uggested some ··trap­
happy" behavior. The e i ues illu trated the 
importance of using a repeatable protocol 
at a fixed location to monitor the population 
over time rather than base il on one day· 
sampling. 

Compared to publi hed tudie of land 
nail · using similar method . we provide 

c timates at least as reliable. A mark-

28 Anderson n11d S hmic/1 

recapture tudy f the Iowa Pleistocene snail, 
used a clo ed model, M(th), to e timate 
population size (Anderson ::WOO . ln that 
tudy, sample ize were smaller (16-297/ 
ite) and using a maximum number of eight 

sampling se ions compared to 10-12 in 
thi study. Probabiliti s of capture were 
low in that rudy (0.0 I to 0.23) as well. 
Recapture rates for the Iowa Pleistocene nail 
were generally lower (0- 48%, with e en 
population ha ing recapture rate < 10%). 

Another nail study of marked cop e 
snails (Arian/a arbuslorwn) in road ide 
areas in weden did not u e cover-board , 
but earched grids by band (Baur and Baur 
1990). Their recaptur rates averaged 29.4 
percent one month after marking. 

Importance of Temperature and 
Moisture 

Moi ture apparently was more important 
than temperature to pre ence of ooper·s 
Rocky Mountain nail underneath a board. 
However, our t mperature and moisture 
measurements were limited becau e they 
were only taken at specific times and might 
vary at other time of the day. Further 
examination of temp rature and moi lure 
aero the ummer u ing en ironmental 
recorder would b u eful. 

The range of condition experienced 
at a ite ma be important and hould 
be examined further. For example , e 
observed the moistest environment o erall 
at Iron reek wh r we found the large t 
individual . 

Mo ement 
Mo ement rates and di tance in thi 

tudy were comparable to the rates f OLmd in 
other snail tudies. Between O and 17 percent 
of Iowa Pleistocene nail migrated between 
cover board on different cold-air lope in 
Iowa (Ander on 2000). Furthest mo ement 
was 8 m. Average linear mo ement by cop e 
nail along road ide areas ranged from 1.5 10 

4.9 mat different ite in weden (Baur and 
Baur 1990). A eragc di lance m ed b cop e 
snail in ubalpine areas in weden rang d 
from 7 to 12 ml ear (Baur I 986). L ng~r 
disper al of '.S 500 m in 6 month were known 
from an African giant snail (A hatina/11/i a). 



\\.hi h wa fitted with a radi -transmitter 
(lomiyama and akane 1993 ). 

M re infomrnti n i ne d d lo und r tand 
disper al and other m ement in thi • species. 

ome per's Ro k Mountain snails m -. cd 
horizontall fr m underneath the boards, 
ba • d n b ·ervati n marked indi-. iduals 
both n and fT the grid that had prcvi u ly 
been marked v,hil under ab ard. Projecting 
\\ h ther acti e di per al al nc can a ·count 
for lh gen fl , "id nt fr m gen lie studies 
i diffi cult (Wea r et al. _006). Passi c 
m ement re ulting rom human r animal 
acti ity or from rolling downhill is probably 
n ed d to explain some of the gene nov . 

rti al m em nt was als likel . nail 
w re pr bably burrowing into th soil r 
r tr ating into crevice more readil than 

:xpe ted. 
lthough \ e observed m mortality 

(Table 1 ), yielding robu t urvi al rates 
fr m our data \ a impractical. onger­
tenn monitoring that included ome 
winter ampling would b helpful to b tter 
under tand urvi al in this pecie 

Growth and Size 
lndi idual nail apparent!. 

advantage of micr Ii mat onditi n t 
t their diameter in purl during the ca on. 

rowth rate in thi tudy appeared to be 
lower than tho e rep rted from a laboratory 
tud of the related ubalpinc mountain nail 

( Oreohel ix ubrndis) , here grow1h rat f 
::: 1.4 mm occurred o er 2-month period · 
(Beetle 1987). Beet! noted that fi r . ubalpi n 
mountain nail to reach it a\ erage adult 
diameter of 20 mm may r quire 3 yea . 

ing our gro,,1h rate , p r ' Rock-y 
ountain nail ould take IO years to reach 

maturity a urning an a erage four-whorl 
ad ult wa ~ 8.5 mm in diameter and born at 
2. - 5 wh rl and 3.25 mm in diameter. Thi · 
b ing unlike!., growth mu l continue during 
other part. f th e year as v.a • the case fi r the 
subalpinc mount in nail. 

The shift in whorl size to larger la e a 
ummer progressec; uggests gr v.1h in ,, h rl 

number to adult. i7e. ot enough data \\ere 
available to detem1inc i r -....,h rl gro\,th reached 
a maximum number r if growth c ntinued as 
conditions allowed. e-. ould e-xpect distinct 

ize cla. sc for pre\ 1 u ) c r Ill rts ii there 
,-.a continual, stead) increa e in \\ h rl. . hut 
that did n t eem rcadil) apparent. \\ H rl 
number \\a u ed to identif) specie for many 
snail . o our result , ould be c pcl.:lcd either 
due to dit:-off of older ind1-. idual l r slo, in~ 
or growth alter maturit). 

ur diamt:ter data . upp rtcd prc..,cncc 
of more than one s1 / e morph , s de 1.:rihed 
in mlcr..,on ct al. ( :!007 ). Ve \\ crc 
unable to wnclusi, cl) com.:latc a pecillc 
environmental factor to dillcrcnce in 
diameter although Ander'.'>011 ct al. (2007) 
shov,ed that lcmperaturc is liJ.;cl) a Jacto, 
using long-range climate data . 

'i1c data ind11.;atcd that nail a11.: not 
"'born" at lull si , c but arc g,m ... ing duiin • 
the eas n. ·1 he range in a\Jcrag1:. ..,,/c 
a r . . ummcr \\.as much narro\.\1.;1 111 two 
populations (Tim n and Bca,cr). ,.,hich al o 

ho'>\. mailer-diameter indi-. idual. . r h1 ma. 
uggest interplay between habitat condition 

and periods of gro\, th. I or c ample. il 
conditions suitable for gro\\1h arc present 
fo r horter time p riods at ·1 imon and 1km er 

ite . th > w uld ha, e had a much narrcmer 
pp rtuni l) to incrca e in si/ 

c mpli ating factor imohcdju\cnilc 
iz . Whether . nails in the different p pulati n 

are born at the . ame . 11c \\3 unclear sin c 
very fc \, juvenile. \\ere ohsencd. Hm,c er, 
nails in populatiDns of the larger size 

morph like!) ,,ere alrcad) larger at birth 
ba ed on finding b) nder on ct al. (2007) 
that indi ated ]Jrger adults produ cd lar- er 
offspring. 

In a stud) of the r ck-dwelling land 
·na il ( hondnna cliema) 111 ,,eden, Baur 
( 1 8) fc und . hell si1 \ ·as related to dcnsit_ 
and the amount of plant o, er. lthough 
overall d nsit) estimate<; were not related to 
average mid- cason shell diameter ( P > 0.0 ) 
in our tud) the difh ultie in the pr ision 
of den ity estimate make this diffi ult to 
e\aluale fr m this data alone. nd rs net al. 
(2007) found shell d nsil) was a significant 
factor in adult hell i1c for oopcr·s Ro ) 
1ountain snail. \\e did not mca urc thi knc 

of the litter la)er on the grid . \\hi h ,,ould 
pro" ide a similar \ aria hie to plant (, r fi r 

oopcr' Rocky 1 untain snail. 

f'opula111m I em11J(mpl~1 • of a I 1111d ,\mu/ :-ij1c( '"' 11f ( 'mir{•n ·a111m ( 1111 , m III th }Jiu k /J,11 - <i 



CONCLU IONS 
Our re ult fill in evcral gap in 

infonnation identified in the pecics 
a s s men! document for the R2 Region of 
the U DA forest ervice (Ander on 2005) 
and illustrated the importance of field work 
in pro idillg infom1ation for planning and 
management of rare invertebrate . 

We demonstrated that a mark-recapture 
protocol is possible to monitor Cooper's 
Rocky Mountain snail den ities. We provided 
conclusive evidence that size differences 
observed among populations were not the 
artifact of the time of eason that population 
were sampled. We also provided evidence that 
growth is not continuous but most likely occur 
as conditions allow. We also demonstrated 
snail activity varies over the ummer and 
management activities could be planned around 
such times. For example, di ruptive activities 
should probably be a aided in May and June 
and after rainy periods in late July and August, 
but may have less impact in Septemb r. Growth 
may be occurring at times of the year not 
covered in this study. 

Additional field season would gr atly 
increa e reliability of population e ti mate , 
provide a greater understanding of survival, 
and possibly increase under tanding of 
movement of the e nails. However, that 
is not possible with current funding and 
per onnel limitation . Should additional field 
ca ons be conducted, or for those ening 

up similar studie in different system , a 
fe, recommendations follow. Automatic 
temperature and moisture recorder should 
be placed at each site to allow a better 
understanding of the range of conditions 
experi need by the nails and to more 
accurately compare conditions between years. 
Some soil cores should be taken to provide 
an understanding of whelher (and how deep) 
snails are moving down into the soiJ and when 
(presumably when surface conditions are less 
favorable). ite boundaries should be defined 
to allow ex1rapolation of grid population 
estimates to actual location estimates. In 
sites that are especially large. secondary grids 
could be et up to monitor the variation in 
density across the site as well as allO\ for 
more information on mo ement. 
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REPRODUCTIVE STATUS OF CYTOFORMS IN A BLACK 

FLY COMPLEX IN MONTANA 

Gerald F. Shields, Department of Natural Sciences, Carroll College, 1601 Benton Ave, Helena, MT 59625 
Judith A. Pickens, Department of Natural Sciences, Carroll College, 1601 Benton Ave, Helena, MT 59625 
Gregory M. Clausen, Department of Natural Sciences, Carroll College, 1601 Benton Ave, Helena, MT 59625 

Lindee M. Strizich, Department of Natural Sciences, CarrolJ College, 1601 Benton Ave, Helena, MT 59625 

ABSTRACT 
We studied the reproductive status of cytospecies and cytotypes of the Simulium arcticum complex 

at four sites in Montana by comparing banding sequences of polytene chromosomes of the larval 

salivary glands to 1) identify cytospecies and cytotypes, 2) determine genotypes and frequen­

cies of autosomal polymorphisms, and 3) assess the degree of reproductive isolation of taxa. 

We hypothesized that taxa within the complex that have large geographic distributions would be 

reproductively isolated in sympatry, while those that have very limited geographic distributions 

would not. Data from four separate collection sites support our hypothesis and possibly suggest 

a model for divergence within the group. 

Key words: black flies, reproductive status, siblings, cytospecies, cytotypes, autosomal 

polymorphisms, hybrids 

INTRODUCTION 
In black flies (Diptera:Simuliidae) 

the morphospecies of classical taxonomy 

often reveals itself as any number of sibling 

species when polytene chromosomes 

of larval salivary glands are analyzed 

(Rothfels 1956). Taxa are described 

primarily on the basis of fixed-inversion 

sequences and by the presence of sex-

linked chromosomal rearrangements and 

other features of their biology including the 

extent of shared autosomal polymorphisms, 

presence or absence of supernumerary 

or B chromosomes, the most advanced 

developmental stage of meiosis, and 

numbers of generations/year. We describe 

populations as cytotypes if they are 

cytologically distinct, whereas we designate 

sibling species status ( cytospecies) if these 

cytologically defined taxa are reproductively 

isolated from other such fonns in sympatry. 

Shields and Procunier (1982) described 

five siblings of the Simulium arcticum 

complex in Alaska and western Canada (S. 

arcticum st, S. arcticum lL-3·4, S. arcticum 

IlL-1, S. arcticum IlL-2, and S. arcticum 

IlL-3). The fonner two and the latter two 

have now been designated S. brevicercum, 

S. negativum, S. saxosum, and S. arcticum

sensu stricto, respectively (Adler et al.

2004). Two additional siblings, S. arcticum

IlL8·9/IlS-l 0· 11 (S. vampirum, Adler et

al., 2004) and S. arcticum IIS-4, have

been described from the Athabasca River

drainage of Alberta, Canada, by Procunier

and Shemanchuk (1983) and by Procunier

(1984), respectively. Finally, two other

siblings, S. apricarium and S. chromatinum,

have been recognized (Adler et al. 2004).

We have recently documented the 

presence of S. brevicercum, S. negativum, 

S. arcticum sensu stricto and S. apricarium

in Montana along with eleven cytotypes of

the complex (Shields, unpub.). Distribution

of siblings in the S. arcticwn complex

is associated with elevation in Montana

(Shields et al. 2006). The considerable

diversity within a single morphospecies

and the abundance of larvae here provide

opportunity to investigate the extent of

reproductive isolation of taxa in sympatry,

the focus of this research. Specifically, tests

of the extent of reproductive isolation in

sympatry can be conducted because taxa can

be differentiated by the presence of unique

32 © lntermounlain Journal of Sciences, Vol. 13, No. I, 2007 



sex-linked chromosomal rearrangements and 
individuals of each type can be scored for 
autosomal polymorphisms that can then be 
subjected to genetic equilibrium analyses. 
While fixation of alternative inversion 
equences between two taxa in sympatry may 

suggest reproductive isolation, sharing of 
identical polymorphisms does not necessarily 
indicate random breeding. Black flies (Rothfels 
1978), including cytospecies of the S. arcticum 

complex, share autosomal polymorphisms that 
are retained in respective populations after 
reproductive isolation has occurred (Shields 
and Procunier, 1982; Adler et al. 2004). 

Cytospecies of the arcticum complex 
are broadly distributed across western orth 
America (Adler et al. 2004 ), whereas 11 
new cytotypes in Montana have restricted 
distributions, some of which occur 
only at a single site within a drainage 
(Shields, unpub.). Patterns of geographic 
distribution suggest that cytospecies may be 
evolutionarily old and genetically divergent 
from other members of the complex while 
cytotypes may be evolutionarily young 
and still in the process of divergence from 
other types with which they are sympatric. 
The combination of this diversity at the 
level of chromosomes and knowledge of 
the geographic distributions of the various 
types suggests the possibility of defining 
the extent of reproductive isolation for each 
taxon and may allow insight into the process 
of speciation. As Jerry Coyne and Allan Orr 
(2004:69) emphasize in their recent book, 
Speciation, "How can we tell which isolating 

barriers actually caused speciation instead 

of having evolved after speciation was 

complete? Comparative analysis of taxa at 

different stages of evol11tion01y divergence, 

rangingfrom populations through full 

species, may show which barriers persist 

throughout this transition. " In the present 
study, we determined distribution and 
frequency of autosomal polymorphisms 
among taxa of the S. arcticum complex in 
sympatry to estimate extent of reproductive 
isolation. We hypothesized that taxa with 
broad geographic distributions would be 
reproductively isolated in sympatry while 
those with limited distributions would not. 

MATERIALS AND METHODS

Assessment of Reproductive Sta tus 
Tests of reproductive status of 

cytological entities can be conducted 
in a number of ways. Ta-xa that develop 
at different times (temporal isolation) 
cannot produce hybrid progen1. Ho½-ever, 
reproductive status of two cytologically 
distinct taxa in both sympatry and synchrony 
can be determined b1 analysis of the 
distribution and frequency of autosomal 
polymorphisms and other cytological 
criteria. For example, presence of alternative 
homozygotes, without hetero/ygotes, 
suggests reproductive isolation. Floating 
autosomal polymorphisms among types 
can be tested for adherence to equilibrium 
frequencies and thus indicate reproductive 
status. 

Chromosome Nomenclature 
Sex chromosomes in black flies 

are often associated with chromosomal 
rearrangements. Thus, for most cytospecies 
and cytotypes within the S. arcticum complex 
males are heterozygous for unique, sex­
linked inversions whereas females generally 
possess the standard chromosome sequence. 
Consequently, we designated the sex 
chromosomes of f em ales as X

0
X

0 
to indicate 

that they possess the standard (non-inverted) 
chromosome sequence for corresponding 
sex-linked inversions in males. Males are 
characterized as having one chromosome, 
the X with the standard sequence, X

0
, and 

a second chromosome Y with a paracentric 
inversion. Sex-linked inversions are 
numbered according to the sequence of their 
discovery. For example, S. arcticum IIL-1 
males are designated X

0 
Y

11Lr1
, and those in S 

arcticum s. s. as X
0 

Y
11LrJ

" Sex-chromosomes 
in S. apricarium are polymorphic for all 
classes; thus, females can be X�

0
, X

0 
X

11Lr7
' 

or xlll,-7 xlll,-7 whereas males can be X
O
Y

O
, X

O 

Y
11Lr7

' or X
11Lr7 

Ym,r The subscript indicates 
the specific inversion characterizing each 
sibling or c1totype. 

Selection of Sites 
Presence of autosomal polymorphisms in 

sufficient frequencies allows statistical analyses 
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at sites where two or more siblings or cytotypes 

are present. Our previous observations (Shields, 

unpub.) suggested that study of the extent 

of reproductive isolation among cytological 

entities of the S. arcticum complex was possible 

at four sites (Fig. 1, Table 1 ). 

Sample Collection and Analysis 
At each collection site we sampled larvae 

regardless of species richness. Larvae were 

removed from various substrata and fixed in 

cold Camoy's fixative. Upon return to the 

laboratory we sorted larvae of the S. arcticum

complex to morphospecies (Currie 1986) 

and selected penultimate and ultimate instar 

larvae for analysis because they possessed 

polytene chromosomes of the highest quality. 

We used the Feulgen method ofRothfels and 

Dunbar (1953) to stain polytene chromosomes 

and gonads and used standard chromosome 

maps of the S. arcticum complex (Shields and 

Procunier 1982) to differentiate cytospecies 

and cytotypes and to determine frequencies of 

autosomal polymorphisms. Hardy-Weinberg 

equilibrium statistics were calculated where 

cytospecies and cytotypes were present in 

geographic sympatry. 

Figure 1. Map of Montana showing the three major drainage basins (Clark Fork, Missouri, 
and Yellowstone rivers), along with most other drainages, and the specific locations of 
collection sites studied here. 

Table 1. Sites studied, taxa analyzed in detail, collection schemes, and autosomal 
polymorphisms used to detem1ine reproductive status of various siblings and cytotypes of the 
S. arcticum complex in western Montana.

Location 

Blackfoot River 

Upper Spring Cr. 

Little Prickly 
Pear Creek 

Rock Creek 

34 Shields el al. 

Taxa Present 

S. negativum
and S. arcticum IIL-9

S. arcticum IIL-10

S. arcticum s. s.
and S. apricarium

S. arcticum IIL-9
and IIL-19

Collections Autosomal Polymophisms 
Analyzed in Detail 

Eight dates, IS-1, IL-3.4, IIS-10-11, 
four summers IIIL-4 

Five years None 

Four summers IIS- 10-11, IIL-20 

Single date IS-1, IL-1, IL-3.4 
(3/14/06) 



De cription of Sites 
Blackfoot River.-This site was chosen 

for study because previous analysis indicated 

the abundance of at least one sibling, S. 

negativum (IL-3·4, Fig. 2), and one cytotype, 

S arcticum IIL-9 (Fig. 3 ). Other tax a of the 

complex were present but in low numbers. 

Al o, certain autosomal polymorphisms 

appeared to be in ufficient abundance to 

perform equilibrium analysis. We sampled 

this site at three-week intervals from mid­

March to mid-July in parts of four years. 

Upper Spring Creek.- This site 

appeared to be unique among 40 sites 

analyzed (Shields, unpub.) in that only one 

cytotype was present year-round. This site 

has been sampled for foe )ear , v,ith the 

composite sample representing each month 

of the )ear. 

little Prickly Pear Creek - Pre\ ious 

analyses indicated presence of two C)tospecies, 

S. arcticum s. s. (IIL-3) and S apncanum

(IlL-7). The latter was said to be reproducti\ely

isolated from other known taxa of the complex

(Adler et al., 2004 ), though study on the

scale intended here ( > 1000 larvae) had not

yet been conducted. We used autosomal

polymorphisms IIS-10·1 I (I ig. 4) and IIL-20

to estimate reproductive status at this site.

Rock Creek Previous analyses 

indicated the presence of at least t',,\,0 

cytotypes, S. arcticum JJL-9 and S onticum 

IL-3.4 

Figure 2. Chromosome map of a portion of the long arm of chromosome I of the S arct,cum 
complex (modified from figure 4 of Shields and Procunier, 1982). Brad.els indicate 
breakpoints of the IL-3.4 and IL- I inversions. umbers below the chromosome indicate 
sections of the chromosome, as is the case in Figs. 2-6. 

IIL-9 

UL-10 

C 

55 

IIL-20 

Figure 3. Chromosome map of a portion of the long arm of chromosome II of the S. arcticum 
complex (modified from figure 5 of Adler et al., 2004). Brackets indicate breakpoints of the 
IIL-3, IIL-7, JIL-9, IIL-10 and ULI 9 sex-linked inversions and the IIL-20 autosomal imcrsion. 
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IlL-19, with chromosomes of excellent 

quality so that we could detennine all three 

genotypes of the autosomal polymorphisms 

IS-1 (Fig. 5) and IL-1. Our investigation of 

the reproductive status of S. arcticum IlL-9 

and IlL-19 was based on analysis of larvae 

collected only on 14 Mar 2006. 

RESULTS AND DISCUSSION 

Blackfoot River 
Our analyses of seven collections from 

the Blackfoot River are shown in Table 2. 

IIS-10 

Because of high water at the Blackfoot in 

late March and April 2006; we were unable 

to detem1ine presence of the S. arcticum 

complex but rather used samples collected 

at comparable dates in 2003 and 2004. The 

data suggested 1) an early presence of the 

cytotype S. arcticum IlL-9, 2) presence of 

the cytospecies S. negativum (S. arcticum IL-

3 ·4) in May and June, and 3) a return ofIIL-9 

in July. We suggest temporal reproductive 

isolation because neither taxon appeared in the 

presence of the other though overlap of adults 

may have occurred. Genetic data suggested 

/I 

Figure 4. Chromosome map of the short ann of chromosome II of the S. arcticum complex 
indicating breakpoints for the IIS-10 and IIS-11 inversions (modified from figure 5 of Shields 
and Procunier, 1982). 

IS-I 

Figure 5. Chromosome map of the short arm of chromosome I of the S. arctic11111 complex 
(modified from figure 3 of Shields and Procunier, 1982). Brackets indicate breakpoints of the 
IS-1 inversion. 

3 6 Shields el al. 



that if hybrids had been formed when and if 

the taxa were synchronous, they were formed 

in low numbers. Specifically, the entire 

population of JIL-9 was fixed for the standard 

homozygote of the autosomal inversion II -

I 0· 11 in late March (Table 3 ). Alternatively, 

125 of 129 individuals of S. negativum 

collected in May and June were inverted 

homozygotes for IlS -10· 11, which suggested 

near total reproductive isolation. A similar 

pattern occurred for the transition from S. 

negativum in June to S. arcticum IIL-9 in July. 

Although I 00 percent of males after March and 

prior to July were S. negativum, no negativum 

larvae occurred in July (Table 2), and among 

103 larvae analyzed from July 10, none were 

IIS-10· 11 inverted homozygotes (Table 3). 

Therefore, we observed little evidence for 

hybridization between S. arcticum IIL-9 and 

S. negativum at the Blackfoot River. Eleven

IIL-19 males occurred in the 3 0 Mar 2 00 3
collection of which all were IIS-10· 11 st/st that

also indicated potential temporal and genetic

reproductive isolation from S. negativum.

Distribution and frequency of two other 

autosomal polymorphisms, IIIL-4 (Fig. 6) 

and IS-1, were of interest. IIIL-4 occurs 

in low frequency(% heterozygosity) in the 

IIL-9 population in March and increased 

dramatically to - 33 percent heterozygosity 
in the negativum population in May and 

June, but was not present in the July 

population of arcticum IIL-9 (Table 3). This 

suggested additional support for reproductve 

isolation bet\\een S negatirnm and the 

second generation of S arct,cum IIL-9 m 

July. 

Earl} and late populations of IIL-9 had 

similar distributions of the IS-1 inversion. 

\\ ith 19. 1 and 13.9 percent heterozy gosities, 
respecti\el}, and \\ere in equilibrium ('lable 

4). Ilowe\er, \\ithin the S negativum 

population, 81 percent of males \\ere 

hetero/ygou<, for the I S-1 ill\ ersion CT able 

4). Thus, there ma} be t\\O Y chromosomes, 

IL-3·4 and IL-3-4 -t IS- I, in the S ncJ!ativum 

population at the Blackfoot R1"er 

lwo IL-3.4 males occurn.;d in the 

28 March 2004 collection, whereas three 
male and two fem ale laf\ac \\ere II .-3·4 
in the 10 Jul 2006 collection. On<.:. ol these 

male larvae was a IIL-3 hctcro/}g<>t<- and 

two other males were III -9 hctcro/ygotes. 
All these lar ae were chromocentric and 
possessed positive head patterns. unlike 
the achromocentric S negatirnm that has 
negative head patterns in its females (Adler et 
al. 2004). This suggested that the IL-3.4 
inversion is autosomal in the March and 
July populations of S. arcticwn IIL-9 at the 
Blackfoot River, while being sex-linked in 
the S. negatirnm population in Ma} and June. 
One individual in the March collection and 
two in the July collection \\ere IIL-9 ill\erted 
homozygous males (Table 2.). One male 
IIL-3/IIL-7 heterozygote "':as also obsef\ ·ed. 

Table 2. Cytological diversity of the Simulium arcticum complex at the Blackfoot River, 
Russell Gates Campground, Missoula County, Montana. 

Females Males 

Xlo Xlll-34 XO
Y

O XO y 34 XO y .34+151 XO y QL-9 X L-9 Y , g 

Date 
3/13/06 no larvae present 
3/28/04 31 0 
3/30/03 54 0 
4/1/05 17 0 
5/9/06 many small larvae 
5/18/03 7 0 
5/23/06 71 6 
6/15/06 25 2 
7/10/06 54 0 

Total 259 8 

1 0 0 27 1 
0 0 0 27 0 
0 0 0 10 0 

0 6 6 0 0 
0 8 60 0 0 
0 2 6 0 0 
5 0 0 42 2 

6 16 72 106 3 
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Table 3. Distribution of autosomal polymorphisms among members of the Simulium arcticum

complex at the Blackfoot River, Russell Gates Campground, Missoula County, Montana. 

C. 

--

Date 

3/13/06 

3/28/04 
3/30/03 
4/1/05 

5/9/06 
5/23/06 
6/15/06 

7/10/06 

Total 

Autosomal Polymorphisms 

no larvae present 

S. arcticum IIL-9

st/st 

60 
81 
10 

st/st 

IIS-10.11 
st/i 

0 
0 
0 

S. negativum

IIS-10.11
st/i 

many small larvae 
3 0 
1 0 

i/i 

0 
0 
0 

i/i 

145 
34 

S. arcticum IIL-9

st/st 

102 

247 

IIS-10.11
st/i 

lll L-4 

j/j 

0 

125 

IIIL-4 
% st/i 

9.7 
not scored 
0 

IIIL-4 
% st/i 

40.0 
37.1 

IIIL-4 
% st/i 

0 

0 
, 0 

---

a, 
-

co 

a, 

,; ..._ 

Figure 6. Chromosome map of the long arm of chromosome III of the S. arcticum complex 
(modified from figure 8 of Shields and Procunier, 1982). Brackets indicate breakpoints for the 
IIlL-4 autosomal inversion. 
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Table 4. Distribution of the IS-1 inversion among sexes and populations of the S. arcticum 
complex at the Blackfoot River, Russell Gates Campground, Missoula County, Montana 
and Chi-square Statistics Based on Equilibrium Frequencies of Genotypes. 

S. arcticum IIL-9

99 00 
st/st st/i iii st/st st/i iii 

3/28/04 25 6 0 30 7 0 
3/30/03 54 7 0 27 2 0 x, = 1.06, 
4/1/05 12 4 0 12 0 0 d.f.,, 0 60 < p < 0.70 

S. negativum

5/18/03 109 10 0 16 72 0 X2 =12 6, 
5/23/06 d f.

7
, 0.01 < p < 0 02 

6/15/06 
S. arcticum IIL-9

7/10/06 51 4 0 

We did not observe inversion 

homozygotes for IS-1. The eight females 

heterozygous for the IS-1 inversion may 

represent sex-exceptional individuals. On 

the contrary, IS-1 was apparently autosomal 

in the IIL-9 populations because in both 

early and late populations the distributions 

occurred as expected: March, X 2 = 0.904, d 

f.2, 0.70< P < 0.80; July, X 2 = 0.648, d f.2,

0. 70 < P < 0.80. Although we observed no

IS-1 homozygous inverted individuals for

the IIL-9 cytotype in our samples, expected

probabilities indicated that there should have

been at least one in each population.

The single IIS-10· 11 heterozygote 

in the 10 July population of S. negativum 

is of interest. No males of S. negativum 

occurred in our samples from 10 July. 

Since this IIL-10· 11 heterozygote was also 

heterozygous for IIL-9 , it might have been 

a hybrid between a IIL-9 male and a S. 

negativum female. However, tight pairing of 

the homologs of this individual suggested 

that it was not a hybrid. Alaskan populations 

of S. negativum (Shields and Procunier 

1982), as well as populations at the Gallatin, 

Sun and Yellowstone rivers in Montana, 

were not polymorphic for either IS-1 or 

for IIIL-4 (Shields, unpub.). Thus, these 

polymorphisms may be newly derived in the 

42 11 0 x2 = 0.61, 
d\, 0.70 < p < 0.80 

populations at the Blackfoot River. 

Eleven IIL-19 st/i males occurred in 

the 30 March 2003 sample at the Blackfoot 

River of which all were IIS-10· 11 st/st 

bomozygotes, suggesting that they were 

reproductively isolated from S. negativum. 

Presence of two IIL-3/IIL-7 heterozygotes is 

of interest because only one male S. arcticum 

s. s. lar va (IIL-3) and no S. apricarium

(IIL-7) lar vae were found among nearly 400

larvae analyzed from this site. These IIL-3/

IIL-7 heterozygotes were also heterozygotic

for a large inversion near the end of the

IIL-arrn. Presence of two S. arcticum s. s./S.

apricarium beterozygotes was difficult to

explain because the apparent parental types

were either rare or nonexistent. This may be

a case of very rare polymorphisms. Whereas

IIIL-4 may be shared by local populations

of S. negativum and S. arcticum IIL-9, our

data suggested that the later population of

IIL-9 may be derived from the early IIL-9

population.

Upper Spring Creek 
Our analyses of lar vae from Upper 

Spring Creek are shown in Table 5. Y-linkage 

of the IIL-10 inversion appears complete since 

all males and no females analyzed possess 

this inversion. Some IIL-10 lar vae at this site 

possess as many as four B chromosomes in 
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their germ lines. All of these characteristics, 

particularly IIL-lO's unique presence as larvae 

year-round, suggested that S. arcticum IIL-10 

at Upper Spring Creek was reproductively 

isolated and may be a good biological species. 

The IIL-10 cytotype spends winter as larvae, 

Table 5. Temporal Distribution of the S. 
arcticum IlL-10 Cytospecies at Upper 
Spring Creek, Fergus County, Montana. 

Date Females Males 

XO XO XO y 10 

1/22/05 4 11 

1/26/03 11 25 

2(7/04 3 2 

2/17/02 3 1 

2/27/04 12 8 

3/25/06 5 10 

4/24/04 37 25 

5/21/05 8 1 

7/16/05 1 6 

10/5/03 9 3 

Total 102 92 

whereas many other taxa of black flies spend 

winter as eggs (Adler et al. 2004). Possibly as 

a consequence of this early maturation, male 

IIL-10 larvae at Upper Spring Creek possess 

mature sperm in February (Shields, unpub.). 

Documentation of species status for IIL-10 

might require collection of pupae that could 

be reared to adults. 

The unique presence of the IlL-10 

cytotype at Upper Spring Creek may have 

been due to characteristics of the drainage. 

The creek originates from Big Spring, a 

natural freshwater spring with a relatively 

constant flow rate year-round. Moreover, 

water temperature at Upper Spring Creek 

was nearly constant yearlong having a range 

of temperatures of only 10 to 13 °C (Shields, 

unpub.). This restricted range in temperature 

at Upper Spring Creek occurs when other 

non-spring fed drainages nearby experience 

temperatures from O °C in December to 24 

°C in August. Relatively constant flow rate 

and water temperatures at Upper Spring 

Creek possibly provide a unique environment 

for IlL-10 arcticum. 

40 Shields el al. 

Little Prickly Pear Creek 
We have monitored the presence, 

density, and number of potential hybrids of 

S. arcticum s. s. and S. apricarium at this site

since 2002. Most populations of S. arcticum

s. s. in allopatry are fixed for the standard

form of the IIS-10· 11 sequence, whereas most

pure populations of S. apricarium are fixed

for the inverted homozygote (Adler et al.

2004). Potential hybrids between the two taxa

therefore, might be indicated by the presence

of IIS-10· 11 heterozygotes. Thirteen of the

1254 larvae analyzed (0.01 %) at this site

were IIS- 10· l l heterozygotes (Table 6) and

these may suggest rare hybridizations between

S. arcticum s. s. and S. apricarium. However,

this number could be misleading. Both IIS-

10· 11, and especially IIL-7, are polymorphic

in some populations, especially westward

in the distribution (Adler et al. 2004). This

could explain six of the IIS- 10· 11 st/i larvae

that were IIL-st/st. The remaining seven

IIS-10· 11 heterozygotes may be evidence

for hybridization between the taxa or they

may be ancestral relics, i.e., IJL-3 types in

S. apricarium or UL-7 and IIS-11 types in

S. arcticum s. s. Only one individual among

1254 larvae analyzed was a IIL-3i/IIL-7i type

and this could be explained by hybridization

between a S. arcticum s. s. male and a S.

apricarium female. This male was IIS- 10· 11

st/st, and had tight pairing of the homologues,

suggesting that IIS-10· 11 may be polymorphic

in this population, as mentioned above.

Approximately 10 percent of S. arcticum 

s. s. larvae at Little Prickly Pear Creek were

heterozygotes for the IlL-20 autosomal

inversion during 2005 and 2006, and we

have never seen this inversion among S.

apricarium larvae (Shields, unpub.). We

have also found the IlL-20 inversion in

the nearby drainages of the Boulder River,

Little Blackfoot River and Canyon Creek,

but in frequencies < 1.0 percent (Shields,

unpub.). Therefore, IlL-20 possibly arose at

or near Little Prickly Pear Creek, and some

unknown factor maintains its relatively high

heterozygosity there. Taken as a whole, data

from Little Prickly Pear Creek did not argue

for hybridization between S. arcticum s. s. and

S. apricarium. Little Prickly Pear Creek has the



Table 6. Temporal _Distri�ution of S. arctic um s. s. and S. apricarium and Frequency of II -11
l leterozygotes at Little Prickly Pear Creek, Lewis and Clark County., Montana. 

Date S. arcticum s. s. % = 90.4 

99 aa 

3/15/02 1 22 
3/16/03 3 7 
3/30/06 131 323 
3/31/05 109 116 
4/1/06 3 10 
4/4/02 3 26 
4/10/03 30 24 
4/18/02 17 29 
4/30/02 6 4 
5/6/05 53 63 
5/6/06 65 76 
5/26/05 5 0 

Total 432 701 

highest density of larvae among our collection 
sites with an estimated 50 larvae/cm2

. 

Rock Creek 

Among males at Rock Creek, S. arcticurn 
IIL-19 (55.4 %) and S. arcticurn IIL-9 (37.9 
%) predominated (Table 7). Five X

0
Y

0 
males, 

ten male S. arcticurn s. s., and four male and 
four female S. apricariurn also occurred in the 
sample. Heterozygosities of the autosomal 
inversions IL-1 (22.0 %) and IS-I (15.2 %) 
were sufficiently high among S. arcticurn 
IIL-19 and IIL-9, respectively (Table 8), so we 
subjected these data to tests of random mating. 
IL-1 was in equilibrium among the IIL-9 and 
IIL-19 populations as was the IS-1 inversion 
(Table 8). Among 534 larvae analyzed from the 
14 Mar 2006 collection from Rock Creek, 13 
were IIS-11 heterozygotes (three st/st females, 
eight IIL-9 males and two IIL-19 males). o 

S. apricarium �o = 9.6 IIS-11 sVi

99 aa 

3 7 0 
1 15 0 
4 5 5 
8 20 3 
1 0 0 
2 0 0 
4 9 0 
2 2 0 
0 0 0 
5 14 1 
0 0 1 
8 11 3 

38 83 13 n = 1254 

larvae had both the UL-7 inversion, which is 
polymorphic in S. apricariurn, and any of the 
other sex-linked inversions characteristic of the 
other taxa of the arcticum complex 
(i. e., IIL-3, IIL-9 and IILl 9) at Rock reek. 
Consequently, S. arcticurn IIL-9 and JIL-19 
form a single cytospecies/cytotype at Rock 
Creek in March. Twelve of 534 individuals 
analyzed from Rock Creek were IL-3.4 
heterozygotes. Five were sL st females, five 
were llL-19 males, one was a st st male and 
the twelfth was a IfL-9 male. IL-3.4 is the 
sex-linked inversion in S. negativurn ( hiclds 
and Procunier 1982, Adler et al. 2004 ), but it 
was apparently an autosomal polymorphism 
among members of the S. arcticurn complex 
at Rock Creek. This may be an example of 
the phenomenon of "one sibling's sex-linked 
inversion being another sibling's autosomal 
polymorphism" (Rothfels 1979). 

Table 7. Distribution of Sex Chromosomes of the S. arcticum Complex at Rock Creek, 
Missoula County, Montana.* 

Females Males 

S. apricarium S. apncanum

Date xo xo xo xo xo x1 x1 x1 
XO yo XO YJ XO yo XO y7 x7 y7 XO yg XO Y,9

3/14/06 243 2 5 10 0 3 106 155 

* Seven other larvae of the S. arcticum complex, each having newly discovered inversions 1n the long arm of
chromosome II, were also observed Since their frequencies were low, we did not include them 1n hese analyses.

Reproductn·e Sta/IL\ of C'ytoforms ma Black 1-(i Complex m Montana ../ I 



Table 8. Genotypic distributions of the IL-1 and IS- I autosomal polymorphisms among 
S. arcticum DL-9 and S. arclicum IlL-19 at Rock Creek on 14 March 2006 and Chi-square
analysis suggesting random mating of the two cytotypes.

Cytotype Autosomal Polymophism - IL-1 

st/st st/i i/i 

IIL-9 66 35 5 X2 = 0.004, d. f. 
2

, 0.90 < p < 1.0 

IIL-19 86 60 10 

Cytotype Autosomal Polymorphism- IS-1 

st/st st/i 
IIL-9 92 14 
IIL-19 127 28 

Of the 13 males heterozygotic for 

IIS-14, 10 were IIL-9 st/i, two were IlL-st/ 

st, and one was IlL-19 st/i., suggesting an 

additional rare sex chromosome in the 14 

March 2006 population at Rock Creek. We 

hesitate to speculate on the reproductive 

status of other members of the S. arcticum 

complex at Rock Creek (S. arcticum s. s., 

S. apricarium and possibly S. brevicercum)

because each occurred in low frequency.

Finally, no data suggested reproductive

isolation for the IlL-9 and IlL-19 cytotypes

at Rock Creek.

Comparisons Among Sites 
IlL-9 and IlL-19 and S. negativum.­

Our results from the Blackfoot River and 

Rock Creek revealed several trends. S. 

arcticum IlL-9 and IlL-19 were present at 

both sites in March. S. negativum was present 

at the Blackfoot River in mid-summer and 

individuals having the IL-3.4 inversion were 

present in the 13 March 2006 sample from 

Rock Creek although that inversion appeared 

autosomal. Despite extensive sampling in 

western Montana, we found S. arcticum 

IlL-19 only at two other sites (Bitterroot 

River on 28 March 2004 and at the 

Clearwater River on 28 February 2003 and 

14 March 2006, suggesting that IlL-19 has a 

very restricted geographic distribution and by 

inference, it may be evolutionarily young. 

S. arcticum IlL-9 was also present at the

Clearwater River on 14 March 2006, which is 

only 7 km from the Blackfoot River. Limited 

geographic distribution, early presence in 

spring, and sympatric presence at some sites 

4 2 Shields et al. 

i/i 
0 X2 = 1.446, d. f.

2
, 0.50 < p < 0.60 

0 

for these two cytotypes also suggested a 

close relationship. The three sites in question 

were close geographically ( < 84 km.), and 

each flows into the Clark Fork River that 

drains northwestern Montana. Sampling of 

additional drainages flowing into the Clark 

Fork River may prove informative regarding 

the relationships ofilL-9 and IlL-19. 

Finally, we never observed S. negativum in 

early spring that suggested it has adapted 

to mid-summer development that may be 

temperature dependent. 

IIL-10.- S. arcticum IlL-10 was the 

only cytotype at Upper Spring Creek year 

round. We found males with the IlL-10 

inversion at five widely scattered sites in our 

study area but always in very low numbers (n 

:S 7) on any date. Based on ~ 30 collections 

at Upper Spring Creek, we have never found 

abundant larvae of IlL-10. We have found it 

in small clusters of larvae at the tips of twigs 

in the swiftest flowing waters. Whether low 

densities of IIL-10 at Upper Spring Creek and 

its presence in low numbers elsewhere were 

correlated remains unknown. 

General Summ01y.-We monitored four 

collection sites for sex-linked and autosomal 

inversions among members of the S. arcticum 

complex in western Montana to gain insight 

into their reproductive status. We found 

little evidence for random mating between 

S. negativum and S. arcticum IIL-9 at the

Blackfoot River or between S arctic um s. s.

and S. apricariwn at Little Prickly Pear

Creek. S. arcticum IIL-10 is the only member

of the S. arcticum complex at Upper Spring



Creek. tudy of sites near pper pring

reek may re ult in a better under landing of 

the reproductive status of this cytotype. The 

cytotypes, S. arc! icum IIL-9 and JIL-19 appear 

to be randomly mating at Rock Creek. 

Our observations arc an initial step in 

understanding relationships in this complc, . 

Our current research includes I) stud) of 

environmental factors that might influence 

<lisper al of cytotypes, 2) study of the e tent 

of reproductive isolation among tax a within 

the complex and 3) molecular analy cs 

larvae individually identified to cyto pccics 

and cytot ype to test hypotheses about the 
ages and relationships of members of the S. 

arcticum complex. 
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A CASE STUDY OF MUSCULAR STRENGTH, 

ENDURANCE AND POWER RESPONSES TO A 6-WEEK 

HIGH INTENSITY TRAINING PROGRAM 

John Amtmann, Safety, Health and Industrial Hygiene Department, Montana Tech, Butte, MT 59701 
Kelly Amtmann, Nursing Department, Montana Tech, Butte, MT 59701 
Jake Kukay, Safety, Health and Industrial Hygiene Department, Montana Tech, Butte, MT 59701 
William K. Spath, Safety, Health and Industrial Hygiene Department, Montana Tech, Butte, MT 59701 

ABSTRACT 
We evaluated the muscular strength, endurance, and power responses of 12 college students, 

ranging in age from 19-40 years, who participated in a 6-wk high-intensity training program 

commonly used to improve muscular endurance. Muscular strength was measured by a one 

repetition maximum ( lRM) bench press test and a lRM Hammer bench press test; muscular 

endurance was measured by administering a 70-percent lRM test to failure on the Hammer bench 

press; and upper body power was measured by administering a medicine ball throw test. We 

observed a 4.8-percent improvement of2.7 kg on the bench press, a 14.6-percent improvement 

of 10.5 kg on the Hammer bench press, a 45.5-percent improvement with an average increase of 

five repetitions on the submaximal test to failure and an average improvement of~ 20 percent, 

60 cm, for the medicine ball throw. For our subjects, a commonly used high-intensity training 

muscular endurance program resulted in improved performance on tests measuring muscular 

strength, endurance, and power, and resulted in zero reported injuries during training or assess­

ment procedures. 

Key words: high intensity training, muscular endurance, strength, power 

INTRODUCTION 
There are two philosophies concerning 

performance-related power enhancement. 

One is that muscular hypertrophy, endurance, 

strength, and power result from different 

methods of training (Fleck and Kraemer 1997). 

The other philosophy holds that muscular 

hypertrophy, endurance, strength, and power 

are all interrelated, and improvements in these 

areas are based simply on improvements 

in strength (Brzycki 1995, Mannie 1999). 

Additionally, debate exists over effectiveness 

of free weights versus resistance training 

machines. Many strength and conditioning 

professionals believe free weight training is 

superior to using resistance training machines 

(Fleck and Kraemer 1997, Shepard 2004). 

Finally, some researchers believe that training 

to the point of muscular failure will not 

enhance strength, power or hypertrophy, but 

will cause injury (Stone et al. 1996). 

With these thoughts in mind, we 

observed the effects of participating in a 

high-intensity muscular endurance weight 

lifting program over a 6-wk period in which 

each set of each exercise was taken to 

muscular failure, defined as that point when 

a repetition cannot be completed in good 

form due to physical exhaustion. 

Research Questions 
Did a high-intensity endurance strength 

training program have any effects on 

maximum strength or power as measured 

by a one repetition maximum bench press 

test on two implements (free weight and 

Hammer) and a medicine ball throw test 

of upper body power? Was there a transfer 

of strength from a machine bench press 

to a free weight bench press? Were there 

any reported injuries from participating 

in a weight lifting program that required 

completing each set to muscular failure? 

We consider the bench press exercise a 

"free weight" exercise in which participants 

support and balance the entire weight of the 

barbell throughout the full range of motion. 

44 © lntermounlain Journal of Sciences, Vol. 13, No. 1, 2007 



The Hammer bench press i considered a 

"machine" exercise in which participants 

do not have to balance the re i tance. We 

explored these questions. 

METHODS 

Subject 
This study was a non-experimental 

descriptive study that used a convenience 

sample of 13 college students ranging in age 

from 19 to 40 years. xpcricnce level of each 

subject ranged from little to no experience 

in strength training to having over 28 years 

of experience lifting weights as a fonn of 

strength training. We analyzed data from 

a 6-wk high-intensity muscular endurance 

training program to detennine effects on 

muscular strength, endurance, and power. 

The university approved all procedures, and 

each subject signed an informed consent 

document. All subjects volunteered for the 

project and completed a physical activity 

readiness questionnaire. 

Procedures 
All participants were assessed prior to 

the start of the program and again at the end 

after a 3-day rest from the final training day 

to ensure recovery, and followed procedures 

established by the American College of 

Sports Medicine (ACSM) (2006). Beginning 

with a wann-up and ending with a cool 

down, the initial and final assessments 

included (1) 1 repetition maximum (lRM) 

bench press test (BP) in which each 

individual perfom1ed a one-repetition 

maximum on the bench press; we allowed 5 

min rest between 1 RM attempts; and weight 

was added in 5- tol0-percent increments 

until participants could not complete the 

repetition, (2) following a 5-min rest from 

the BP test, participants completed a one­

repetition maximum Hammer Incline Press 

Test (HBP) following the same procedures 

for the BP test, (3) following a 5-min rest, 

participants completed a set to momentar y 

muscular failure with 70 percent of the 

lRM of the Hammer test (SIIBP), and 

( 4) following a 5-min rest, participants

completed the medicine ball throw test

(MBT) to test upper body power.

The resistance training program 

used was a modified form of Kelso's 

(2000) muscular endurance training 

recommendation and included tv,o option . 

Option one con sisted of perfonning h\o 

sets of one exercise, the Hammer Incl111e 

Press, twice,\\eeh.. The sets and repetitions 

varied according to the follO\\ing sc.hedule: (I) 

2 wh.s of2 sets of 15-17 repet1t1ons, (2) 2 wh.s 

of 2 sets of 12-15 repetitions, and (3) 2 wh.s of 

2 sets of I 0-12 repetitions. If the

subjects chose option t\\0 the) perfonned the 

following exercises: (I) Abdommal Curls, (2)

Bicep Curls, (3) I lammer Deadldt (optional).
( 4) I Iyper-extensions, (5) ·1 ric..ep Lxtcnsion,

(6) Leg l:xtension, (7) I cg 'url, (8) I at Pull

Down, and (9) Wrist Curls (optional) .

Two subjects chose to participate in 

option one and the rest of the subjects 1.:hosc 

to participate in option two. Option two 

required one set of each exercise during 

two sessions/week and followed the same 

repetition scheme for option one, i.e., a 

target repetition range of 15-17 for the first 

2 wks. The target repetition range for \\eeks 

3 and 4 was 12-15, and for weeh.s 5 and 6 

the range was 10-12. Each subject \1 as given 
personal instruction in the performance 
of each exercise and, during this time, the 
subject was directed to take each set to 
muscular failure, i.e., the point at \1vhich 
they could no longer complete a repetition 
without deviating from the posture required 
of the exercise. The teaching points that 
were emphasized for safety included (ACSM 
2006) (1) slow movements, (2) full range of 
motion, (3) breathing, (4) posture, (5) proper 
wann-up, and (6) proper cool-down. 

Each week subjects handed in 

perfonnance sheets that included the number 

ofrepetitions and amount of weight used for 

each exercise perfonned. Subjects were also 

questioned about the development of any 

injuries. This ensured that communication 

about the program was maintained 

throughout the 6-week period in case there 

were an1 questions, comments or concerns. 

All necessary measures were put into 

effect to ensure the safety of each participant. 

A health screen evaluation, the physical 

activity readiness questionnaire (PAR-Q), was 

A Case S1udy of Muscular S/renglh, Endurance and Pmrer Responses 10 a 6-Week High lnlen5/IJ 7rammg Program 45 



used for each subject to ensure that he/she had 

no adverse health risks that would affect the 

participant during activity. Also, to ensure the 

privacy of these participants, we assigned a 

random number to each subject to maintain 

confidentiality and used an informed consent 

form that stated the participant's willingness to 
allow us to use their results in this case study. 

RESULTS 
Because we did not meet the assumption 

of the central limit theorem with only 13 

subjects, we chose to describe results in 

a case study format. Out of 13 original 

participants, 12 completed requirements 

of the 6-wk study. Results of the lRM 

bench press (BP) suggested a 4.8-percent 

improvement of 2. 7 kg (Table 1 ), and the 

Table 1. Performance Results. 

Subject BP BP HBP 

Hammer bench press test (HBP) showed 

14.6-percent improvement of 10.5 kg. The 

submaximal test to failure (SHBP) resulted in 

a 45.5-percent improvement with an average 

increase of five repetitions. Eleven of 12 

subjects improved on the SHBP, whereas 

subject eight finished with a decrement of 

two repetitions. Nine subjects in1proved 

perfomiance on the MBT test; average 

increase for the 12 subjects was 60 cm for 

- 20 percent improvement. There were

no injuries reported during the training or

assessment procedures.

DISCUSSION 
The principle of overload states that 

for a system to improve its function, it must 

be exposed to a stimulus greater than it is 

HBP SHBP SHBP MBT 
pre* post* pre* post* pre* post* pre+ 

29.5 

2 38.6 

3 100 

4 47.7 

5 72.7 

6 75 

7 25 

8 70.5 

9 38.6 

10 75 

11 102.3 

12 29.5 

Mean 58.6 

% 

change 

• units in Kilograms (kg).

+ units in meters (m).
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31.8 31.8 

40.9 54.5 

104.5 131.8 

50 59.1 

75 95.5 

77.3 81.8 

25 18.2 

65.9 86.4 

43.2 40.9 

79.5 104.5 

113.6 122.7 

29.5 29.5 

61.4 71.4 

4.8 

40.9 11 20 3 3.4 

59.1 10 11 2.9 2.9 

136.4 9 11 4.8 5.1 

70.5 13 16 2.9 2.9 

104.5 14 16 3.7 4.9 

95.5 12 20 3.9 4.6 

27.3 15 23 2 2.2 

86.4 12 10 3 2.9 

54.5 14 21 2.7 3.1 

113.6 7 9 3.7 4 

154.5 6 14 3.1 4 

36.4 12 16 2.2 2.6 

81.9 11 16 3.1 3.7 

14.6 45.5 20 



normally accustomed to. Some strength coaches 
prescribe strength and power programs with a 
range of three to five sets for multi-joint 
exercises, and prescribe two to six repetitions, 
while other strength coaches adhere to a single 
set training protocol with higher repetitions, 
usually anywhere from 6-20 repetitions. Though 
they are employing diITerent acute program 
variables, each is attempting to progressively 
overload the musculoskeletal system to improve 
muscular strength, endurance, and power. There 
has been much debate over the effectiveness
of these various strength and conditioning 
programs.

This particular protocol, commonly thought 
of as a muscular endurance training program, 
effectively improved one repetition maximum 
bench press strength on two different 
implements for all but two of the subjects; 
subjects eight and twelve. Subject eight actually 
decreased perfomrnnce on 
the BP, SHBP and the MBT. Though we 
instructed all subjects to maintain normal 
activity, it was not until after the 6-week study 
that the subject told us that she began a rigorous 
cardiovascular endurance-training program that 
involved running over 6 mi/day, 6 days/week 
during the study. This may have been a factor in 
her perfonnance decrement. 

There were limitations in our study design. 
One limitation was the small non­representative 
sample with no control group, and the other is 
the age range of 19-40 years, which is quite large. 
Another limitation 
was a range of little to no previous training 
experience to an advanced level of previous 
training. This may possibly have had some effect 
on the physiological response to this training 
program and/or their performance on the tests. 
Also, the 6-wk duration of the study is a relatively 
short period of time. 

Any conditioning in unfit individuals will 
usually produce changes in physiological 
variables up to a certain level of performance 
competency. Some strength and conditioning 
specialists believe that beyond moderate 
performance competency, usually only more 
specialized conditioning including higher volume 
training and power training, will produce further 
performance improvements. 

This was not the case in our study. Subjects 
three and eleven had the most previous training 
experience of all the subjects. Based on common 
perceptions described above, this kind of low 
volume program would ha\ e less of an effect on 
subjects with more previous experience. These 
two subjects, however improved performance on 
all measurements. Likewise, subjects one, two, 
four and seven had the least amount of previous 
training: yet their performance improvements 
were relatively modest. 

Another limitation of this stud) was the fact 
that we were unable lo supervise every training 
session the subjects participated in. Often, 
motivation in the form of personal supervision 
can have an influence on how far individuals will 
push themselves. When a "coach" is present and 
expects improvement from one training session 
to the next, subjects may push themselves further 
than they would during a training session with 
no supervision. Though training sheets were 
turned in on a weekly basis and verbal 
encouragement was given to ensure each subject 
was training to a point of complete muscular 
failure. some people were more or less able to 
withstand the discomfort that accompanies this 
type of training. 

Subject number six was almost eliminated 
prior lo the beginning of the study because of a 
pre-existing non-specific shoulder condition that 
was identified during the pre-participation 
screening. Because the subject was enthusiastic 
about participating in the project we allowed him 
to continue and monitored him closely. 
His performance during the six weeks showed 
steady improvement, and the post program 
assessment \\as impressive with improvements in 
each test. Though we did not conduct post study 
interviews, subject number six emailed us with 
subjective perceptions of his experience and we 
felt it was appropriate to include this qualitative 
aspect within this manuscript. '"Before the 
strength program," he wrote, '"I worked for the 
beer distributor and stocked shelves. I could not 
lift a single 6 pack above my head without pain 
(7-8 on a scale of 1-10). It also hurt to do the 
bench press. bad enough that 
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I hit my max on the first try. The Hammer 

press didn't hurt though. After the [final] 

strength tests, I have had ZERO pain in my 

shoulder. Not even when I lay on my side 

on it in bed. Also, doing the bench press for 

the second time, we started with my old max 

and I pushed it up, and moved on to the next 

weight, with very little pain. I have had no 

pain since the strength training and am loving 

it. Thanks!" 

This subject's statement, combined with 

the fact that there were zero injuries reported, 

indicated that training to muscular failure 

may not cause injury, as some strength and 

conditioning specialists suggest. 

We expected muscular endurance to 

improve, but the researchers were unaware 

of the effects this training program would 

have on strength and power, or whether 

there would be transfer of strength from 

one implement to another. Strength and 

conditioning coaches should be aware that 

higher repetition ranges may be effective in 

improving strength and power. 

Additionally, higher repetitions require 

lower weights and reduce orthopedic stress 

and risk of injury; this may be an important 

consideration to coaches who want their 

athletes to remain healthy and injury free. 

For future research we recommend use of 

matched control groups using various higher 

volume programs, and using participants who 

are all experienced weight lifters. 
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