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EVIDENCE OF RELATIONSHIPS BETWEEN TUBIFEX 

HABITAT AND MYXOBOLUS CEREBRALIS ACROSS A 

MOUNTAIN WATERSHED 
Jason C. Burckhardt 1

, U.S. Geological Survey, Wyommg Cooperative Fish and Wildlife Research Lnit, 
University of Wyoming, Department 3166, I 000 East University Avenue, Laramie, WY 82071 

Wayne A. 1 lubert, U.S. Geological Survey, Wyoming ooperat1ve Fish and Wildlife Research 'mt, 
University of Wyoming, Department 3166, I 000 East Uni,crsity Avenue, Laramie, WY 82071 

ABSTRACT 
We tested the hypothesis that the proportions of age-0 salmonids lllfected by A�i.rnholus 

cerebra/is, the causative agent of whirling disease, and histolog1c evidence of whirling disease Ill 
stream reaches across a watershed arc related to measures of suitable habitat forTub1fex tubdex, 

the oligochacte host for M. cerebral is. We assumed habitat quality for 7. tuhtfn increased with 
the amount of fine sediment, aquatic macrophytcs, or low-gradient mesohabitat, i.e., pools 
and glides, and decrease with increasing channel slope in stream reaches. ·r he highest rates of 
infection and tissue damage were observed among age-0 salmonids sampled from a cluster of 
spring streams in the upstream portion of the valley with low channel slopes or modifications 
to enhance deep-pool cover for adult salmonids, side channels of the main stem river with 
large amounts of sediment deposition, and mountain streams downstream from beaver (Cll\tor 

canadensis) ponds with accumulations of fine sediment. 

Key words: Myxobolus cerebra/is, Salmonids, trout, Tubifex tubifex, stream, watershed 

INTRODUCTION 
Myxobolus cerebra/is, the myxozoan 

parasite that causes whirling disease, is 
recognized as a threat to wild salmonid 
populations (Vincent 1996, Nehring 
and Walker 1996). The life cycle of M. 

cerebra/is is complex because it has two 
alternating spore-forming phases. One 
phase involves formation of single-celled 
spores in salmonids that are released from 

the fish and consumed by the oligochaete, 
Tubifex tubifex (Rognlic and Knapp 1988). 

While in the gut of T tubifex, M. cerebra/is 

produces a multicellular spore known 
as a triactinomyxon (TAM, Wolf et al. 
1986). Triactinomyxons are released into 
the water column and infect fish through 

epithcl ial contact. The parasite migrates 
to the cartilage of the skull and vertebral 

column where damage to the upper spinal 

cord and compression of the brain stem causes 
behavioral changes and clinical signs of 

disease (Schisler et al. 1997, Rose ct al. 2000). 

' Current address: Wyoming Game and Fish Department, 
2820 State 11 ighway 120, Cody, WY 82414 

Physical characteristics of streams 
conducive to T tubifex may lead to 
high infection rates in fish and manifest 
as whirling disease (Hiner and Moffit 
200 I, de la Hoz Franco and Budy 2004 ). 
Tubifex tubifex flourishes in areas with 
accumulations of fine sediment nch 
in organic matter (Lazim and Leamer 
1987, Sauter and Gude 1996, Lampert 
and Sommer 1997, Zcndt and Bcrgersen 
2000, Arndt et al. 2002). Stream substrate 
composition is largely a function of channel 

slope in mountain streams with low-gradient 
reaches typically having finer particles rich 
in organic matter, ideal habitat for T tuhifex. 

Our goal was to evaluate the 
relationships of age-0 salmornds mfccted 
with M. cerebra/is, occurrence of histologic 
evidence of tissue damage, and physical 

habitat features conducive to T tubifex. We 
chose age-0 salmonids to minimize probable 

bias due to mortality associated \\ith M. 

cerebra/is infection in older salmonids. We 
tested the hypothesis that proportions of 
age-0 salmonids infected by \1. cerebra/it; or 

with histologic evidence of \\hirling disease 

i l11termo1111tain Journal of Sciences, in/ I I, \o. 1•4 2()0 45 



in reaches across a watershed arc correlated
with measures of suitable habitat for T 
tubifex. We also hypothesized that infection
rates and histologic evidence of disease 
would be positively related to the amount 
of fine sediments, aquatic macrophytes, and
low-gradient mcsohabitat, i.e., pools and
glides, but negatively related to channel
slope among reaches.

STUDY AREA 
The Salt River is a fifth-order (after

Strahler 1957) stream with a 2 I 50-km2 

watershed near the Wyoming-Idaho border
that has a mean annual discharge of 22.5 
m1/s into the Snake River. The Salt River 
Range to the east, Gannet Hills to the south,
and Caribou and Webster ranges to the west
border the watershed. Mountain tributaries
and the headwaters of the Salt River have
steep channels with the highest slopes

among tributaries in the Salt River Range. 
Numerous streams formed by springs occur
on the valley floor and flow short distances
to the Salt River (Kennington and Hamblin 
1989, Isaak 2001). The mainstem of the Salt
River flows through a broad alluvial valley 
for 45 km with several high-gradient, highly
braided reaches. 

Native salmonids in the Salt River 
watershed included the fine-spotted form of
Yellowstone cutthroat trout ( Oncorhynchus

clarki bouvieri) and mountain whitefish 
(Prosopium williamsoni). Rainbow trout
(Oncorhynchus mykiss), brown trout 
(Sa/mo trutta), and brook trout (Salvelinus 

fontinalis) have been introduced and become
naturalized in the watershed. Myxobolus 

cerebra/is was first detected in the Salt River
in 1995 (Money and Wanner 1997) and has 
spread within the watershed (Gelwicks et al.
2000, Hubert et al. 2002).

Figure 1. Location of reaches sampled in mountain and spring streams that are tributaries to
the Salt River and identification of the four segments of the Salt River where reaches in side
channels were sampled.
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weights matrix based on linear distances 
between sample locations obtained from the 
GIS. A correlogram was used to assess the 
influence of the distance between sampled 
reaches on the regression analysis. 

We used one-way analysis of variance 
to assess differences in physical habitat 
features, infection rates, and histologic 
scores of tissue damage among the three 
stream types and among reaches of the Salt 
River. Significance was determined at P < 
0.05 for all tests. 

RESULTS 
In 2000, we sampled 46 reaches on 

nine mountain tributaries and the headwater 
of the Salt River, 24 reaches on 11 spring 
streams, and 37 reaches in side channels 
over four segments of the Salt River (Fig. 
1, Appendix A). Measured habitat features 
differed among the three types of streams 
(Table 1 ). Reaches in mountain tributaries 
tended to have less fine sediment and 
higher channel slopes than reaches in spring 
streams or side channels of the Salt River. 
Spring streams had the lowest channel 
slopes, were dominated by low-gradient 
mesohabitats, i.e., pools and glides, had 
substantial aquatic vegetation, and contained 
high amounts of fine sediment. 

Age-0 salmonids were found in 99 
of I 07 reaches sampled in the Salt River 
watershed (Appendix A). Myxobolus 

cerebra/is was detected in age-0 salmonids 
at all but four reaches where they were 
collected. Reaches where age-0 salmonids 
occurred but did not test positive for M.

cerebra/is included the headwater areas of 
Cottonwood (2 sites) and Dry (1 site) creeks 
upstream from barriers to fish passage, and 
the most upstream reach on Willow Creek. 
The reach on Willow Creek was upstream 
of a long series of cascades that may inhibit 
upstream movement of fish. We found 
fish with M. cerebra/is upstream of major 
barriers to upstream movement by fish on 
Swift Creek (see Reach 2, Appendix A). 

We compared the percentages of 
Oncorhynchus spp. and brown trout from 
which we detected M. cerebra/is at 14 
reaches where at least five individuals of 

48 Burckhard! and Hubert 

each species were collected and observed 

no difference (P = 0.16) between species. 
Similarly, when mean histologic grades were 
compared at the 14 reaches, we detected no 
difference (P = 0.99) between species. Five 
or more brook trout and brown trout were 
collected in only three reaches, five or more 
Oncorhynchus spp. and brook trout were 
collected in only two reaches, so we made 

no statistical comparisons of these species. 
The proportions of fish with M. 

cerebra/is detected in their heads varied 
widely among sampled reaches. The highest 
rates of infection by M. cerebra/is were 
observed among fish from side channels 
of the Salt River followed by fish from 
spring streams (Table I). Mean histologic 
scores followed a similar pattern (Table 1 ). 
Infection rate was related (r2 = 0.29, P = 

0.006) to mean histologic grade: 

HG = -0.194 + 0.521 IR 

where HG is the mean histologic score 
among all fish in a reach and IR is the 
arcsine square-root transformation of the 
percentage of fish in a reach with M.

cerebra/is detected in their head among 
the 99 reaches where age-0 salmonids 
were found. In many instances the highly 
sensitive PCR technique detected the 
presence of the parasite in fish with no 
histologic evidence of infection. 

We rarely encountered clinical signs of 
whirling disease, i.e., black tail, shortened 
opercula, and spinal or cranial deformities. 
Clinical signs of whirling disease were most 
common in reaches with high infection rates. 
High histologic grades of tissue damage 
occurred in a cluster of spring streams in 
the upper valley, in side channels of the 
Salt River adjacent to and immediately 
downstream of the cluster of springs in the 
upper valley, and in mountain tributaries on 
the west side of the valley downstream from 
beaver ponds. 

Compa1isons of habitat features, rates 
of infection by M. cerebra/is, and histologic 

grades of tissue damage among the four 
segments of the Salt River indicated no 
significant differences in habitat features or 

mean histologic grades (Table 2). However, 
a highly significant (P < 0.00 I) difference 



Table 1. Means and standard errors (in parentheses) of mea ured habitat features, infection 
rates by M. cerebra/is, and histologic cores of ti sue damage among the three ,tream type 
in the alt River watershed measured during 2000. ?-values arc from one-v,ay analysi of 
variance comparing the three ,trcam type . Included in the analysis were 99 reaches where 
both age-0 salmonids and infection by M. cerebra/is were observed. 

Mountain 
streams 

Variable (41 reaches) 

Fine sediment {%) 30.0lx (4.1) 
Aquatic macrophytes (%) 4_4b (1.3) 
Channel slope (%) 1.02b (0.12) 
Low-velocity mesohabitat (%) 47.2b (4.2) 
Infection rate (%) 39.0lx (4.7) 
Mean histologic score 0.08' (0.03) 

• significantly different from mountain streams
b significantly different from spring streams
' significantly different from Salt River side channels

in rates of infection was observed among 
segments. A mean infection rate of 92 
percent was observed in the two most 
upstream segments (Segments C and D), 
whereas mean infection rate of 54 percent 
(Segment 8) and 62 percent (Segment A) 
were observed in the two most downstream 
segments. 

The four habitat features were 
significantly correlated among the 99 
reaches where age-0 salmonids were 
collected (Table 3). Abundance of low­
velocity mesohabitat was positively 
correlated with the abundance of fine 
sediment and aquatic macrophytes, and 
negatively correlated with channel slope. 

Linear regression identified several 
significant relationships between infection 
rate and physical habitat features (Table 4). 
Among all of the sampled reaches, infection 
rate was positively related to abundance of 
fine sediment, aquatic macrophytes, and 
low-velocity mesohabitat, but negatively 
related to channel slope. Infection rate was 
positively related to abundance of fine 
sediment and low-velocity mesohabitat but 
negatively related to channel slope among 
reaches in mountain streams. Infection rate 
was pos it ive ly related to the abundance
of fine sed iment among reaches in spring 
streams. We observed no sign ificant 
relationsh ips among reaches in the a lt River. 

Stream type 

Spring Salt River 
streams side channels 

(22 reaches) (36 reaches) p 

70.0· (5.3) 66.41 (5 0) <0.001 
37.3· (5.5) 5.3 (2.1) <0 001 
0.321 (0.09) 0.62 (0.09) <0.001 

73.8· (5.4) 63.2 (5.5) 0.002 
63.0· (5.4) 77.5· (3.7) <0 001 
0.25 (0 07) 0.33· (0.06) 0 001 

Mean histologic grade of tissue damage 
was positively correlated to abundance 
of fine sediment, aquatic macrophytcs, 
and low-velocity mesohabitat among all 

• sampled reaches where agc-0 salmonids
were found (Table 4). Mean histolog1c grade
was positively related to the abundance of
fine sediment among reaches in mountain
streams and the abundance of aquatic
macrophyptes among reache 111 spring
streams. We again observed no sigmficant
relationships among reaches in the alt River.

Sratial autocorrelation was evident 
in all of the significant linear regressions. 
The range of spatial correlation, 1.c., the 
inter-plot distance beyond which the data 
from two sample site were essentially 
uncorrelated, varied from 9 to 14 km. Many
sampled reaches were within 9-14 km of
each other suggesting our sampling reaches
were not spatially independent (sec Fig.
I). Adjusting regression models for spatial
autocorrelation resulted in no statistically
significant relationships between physical
habitat features and infection rates or
histologic grades of tissue damage.

D1 U IO 

Results from thi stud) partially 
supported our hypothesis, 1.c., the 
proportions of agc-0 salmonids infected by 
M. cerehrali\ and w ith histologic evidence
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Table 2. Means and standard errors (in parentheses) of measured habitat features, infections 
rates by M. cerebra/is, and histologic scores of tissue damage among the four se�ments ?f the
Salt River watershed measured during 2000. ?-values arc from one-way analysis of vanance 
comparing the four segments. Included in the analysis were 36 reaches where both age-0 
salmonids and infection by M. cerebra/is were observed in side channels. 

Reach 

Variable A B C D 

(6 reaches) (9 reaches) (17 reaches) (4 reaches) p 

Fine sediment (%) 70 (14 ) 68 

Aquatic macrophytes (%) 1.2 ( 1.2 ) 0 
Channel slope (%) 0.89 ( 0.12) 0.31 

Low-velocity mesohabitat (%) 62 (13 ) 60 
Infection rate(%) 62cd ( 8 ) 54cd 
Mean histologic score 0.22 ( 0.12) 0.22 

• significantly different from A Reaches.
b significantly different from 8 Reaches.
' significantly different from C Reaches.
d significantly different from D Reaches.

of whirling disease in reaches across 
a watershed are related to measures of 
suitable habitat for T. tubifex. We found that 
infection rates and histologic scores of tissue 
damage tended to be positively correlated 
to the amount of fine sediments, aquatic 
macrophytes, and low-gradient mesohabitat, 
i.e., pools and glides, but negatively
correlated to channel slope among reaches
throughout the Salt River watershed when
spatial autocorrelation was not considered.
However, these physical habitat features
accounted for relatively small amounts
of variation, and statistically significant
relationships were not observed when
we accounted for spatial autocorrelation.
Nonetheless, our data provide insight into
locations with high rates of infection or
tissue damage and the habitat features at
those locations. Sampled reaches with high
infection rates and high histologic grades
of tissue damage occurred in a cluster of
spring streams in the upper valley, in side
channels of the Salt River adjacent to and
immediately downstream of the cluster of
springs in the upper valley, and in mountain
tributaries on the west side of the valley
downstream from beaver ponds.

Our findings suggest linkages among 

land use, high sediment deposition, 
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( 8 60 ( 8 84 (10 0.546 

8.5 ( 3.7 ) 10.0 (10.0 ) 0.280 
( 0.14) 0.68 ( 0.16) 0.63 ( 0.13) 0.179 

( 7 ) 58 ( 9 ) 93 ( 7 ) 0.283 
( 7 ) 92ab ( 2 ) 92•b ( 3 ) < 0.001 
( 0.07) 0.37 ( 0.08) 0.57 ( 0.28) 0.286 

occurrence of M. cerebra/is infection, and 
tissue damage in age-0 salmonids. We found 
high rates of infection in most of the spring 
streams sampled in the upstream portion of 
the valley. The sampled reaches in the spring 
streams with high rates of infection typically 
had high (> 75%) amounts of fine sediments 
and low(< 0.2%) channel slopes. Livestock 
grazing had deteriorated riparian vegetation 
and accentuated bank erosion in many 
of the reaches on spring streams, thereby 
increasing fine sediment accumulation. 
Sediment loading can lead to stream 
segments with high T. tubifex densities and 
TAM production (Lampert and Sommer 
1997, Zendt and Bergcrsen 2000). 

A few of the spring streams in 
the upstream portion of the valley had 

modifications to enhance deep-pool habitat 
for adult salmonids that created silt-laden 
pools with abundant aquatic macrophytes. 
Additionally, spawning habitat had been 
enhanced by the construction of riffles 
between pools. The highest rates of infection 
(> 97%) and highest mean histologic scores 

of tissue damage(> 0.9) were observed in 
one of these spring streams with extensive 

habitat modification. High densities of adult 

brown trout and cutthroat trout, substantial 

spawning, and abundant age-0 fish have 



Table 3. Pearson correlation coefficients among the four physical habitat variables measured 
at 99 reaches where age-0 salminids infected by M. cerebra/is were found in the Salt River 
watershed during 2000. Correlations coefficients greater than 0.195 are significant at a = 0.05. 

Variable 

Aquatic macrophytes 
Channel slope 
Low-velocity mesohabitat 

Fine sediment 

0.3689 
- 0.4181
0.5967

been observed in modified spring streams 

compared to unmodified spring streams in 

the Salt River watershed (Joyce and Hubert 

2004). The combination of good habitat 

for both r tubifex and salmon ids possibly 

makes these reaches in spring streams point 

sources ofTAMs that infect age-0 fish in 

the spring streams and downstream in the 

main stem of the Salt River. 

Dams constructed by beaver (Castor 

canadensis) were common among mountain 

tributaries that flowed from the Caribou and 

Webster ranges on the west side of the Salt 

River valley. Several reaches immediately 

downstream from beaver dams on Jackknife 

(Reach 2), Tincup (Reach I), Webster 

(Reaches 1 and 2), and Crow (Reaches 2, 

3, and 6) creeks had higher infection rates 

than reaches with similar physical habitat 

characteristics elsewhere in the watershed 

(Appendix A). A common feature among 

these reaches was the presence of beaver 

ponds with substantial fine-sediment 

deposition in the ponds a short ( < 1 km) 

distance upstream. We did not include the 

presence of upstream beaver dams as an 

independent variable in our analysis because 

we did not search the entire length of all 

tributary streams for presence of beaver 

dams. However, beaver dams trap sediment 

and organic material (Naiman et al. 1988), 

and the activity of bacteria on organic 

matter in beaver ponds can consume oxygen 

allowing r tubifex to flourish due to lack of 

competition from other invertebrate species 

(Hynes I 966, Hart and Fuller 1974). Hiner 

and Moffitt (2002) found that salmonids 

downstream from beaver dams with high 

accumulations of organic matter had higher 

histologic grades of tissue damage than fish 

in other locations. 

Aquatic macrophytes 

- 0.3258
0.4450

Channel slope 

- 0.6170

The poor predictive abilities of 

our models were likely due to complex 

interactions of pathogen, hosts, and 

environmental features. Numerous factors 

were not accounted for in this study, 

including fish density, contact rate with the 

pathogen, immunity, natural survival rates 

of both fish and r tubifex populations, and 

parasite development within r tubifex (Reno 

1998). M. cerebra/is colonization throughout 

the Salt River watershed also may not 

have been complete so that maximum M. 

cerebra/is density had occurred throughout 

the watershed (Kennedy 1976). • 
Spatial autocorrelation of the sampled 

reaches indicated that the dependent 

va1iables, e.g., infection rates and histologic 

scores, were similar among reaches in 

close proximity to each other. Additionally, 

measuring habitat features at the reach 

scale did not reflect habitat conditions 

upstream of the sampled reaches. These 

insights contribute to interpretation of the 

data. For example, high rates of infection 

were observed in side-channel reaches of 

the Salt River with the highest of these 

rates immediately downstream from the 

cluster of spring streams in the upper valley. 

High rates of M. cerebra/is infection in 

the side-channel reaches likely were due to 

high densities ofTAMs drifting from the 

upstream cluster of spring streams (Hubert 

et al. 2002). 

Management implications may be 

drawn from our observations of physical 

habitat features, M.cerebralis infection 

rates, and histologic evidence of disease. 

We found the highest rates of infection and 

tissue damage in reaches with substantial 

accumulation of fine sediment in the reach 

due to habitat degradation or efforts to 
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Table 4. Significant (P < 0.05) linear regressions ac�ounti�g for variation i
_
n infection rates 

(IR) by M. cerebra/is and histologic scores (HS) oftt sues tn age-0 salmonids from the

Salt River watershed during 2000. Infection rates were arc ine square-root transformed.

Independent variables were expressed as percentage 

Dependent Independent 
variable variable Slope Intercept Adjusted r2 p 

All sites (99 reaches) 

IR Fine sediment 0.0044 0.547 0.201 <0.001 

Aquatic macrophytes 0.0032 0.740 0.031 0.045 

Channel slope • 0. 1 838 0.909 0. 1 44 <0.00 1 

Low-velocity mesohabitat 0.0033 0.584 0.091 0.001 

HS Fine sediment 0.0029 0.06 1 0.084 0.002 

Aquatic macrophytes 0.0034 0.170 0.041 0.025 

Low-velocity mesohabitat 0.0020 0.094 0.029 0.049 

Mountain streams (41 reaches) 
IR Fine sediment 0.425 26.3 0.118 0.01 6 

Channel slope .17.7 57.0 0.209 0.003 

Low-velocity mesohabitat 0.390 20.6 0.104 0.023 

HS Fine sediment 0.0026 0.0023 0.097 0.027 

Spring streams (22 reaches) 
IR Fine sediment 
HS Aquatic macrophytes 

improve habitat for adult salmonids, or 
upstream from the reach due to the presence 
of beaver ponds with substantial amounts of 
tine-sediment deposited in them. Zendt and 
Bergersen (2000) proposed that habitats rich 
in organic matter may serve as point sources 
ofTAM production, and that management 
of riparian habitats could reduce T. tubifex 

and effects of M. cerebra/is on salmonids. 
Our study suggested that not only the 
management of riparian habitats, but also the 
management of beaver in mountain streams 
and habitats modified for adult salmonids 
in spring streams, may be important in the 
control of T. tubifex, M. cerebra/is, and the 
impacts of whirling disease on salmonids 
across a watershed. 
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Appendix A. Measurements of habitat feature , number of age-0 salmonids collected, rate 
of infection by Myxobolus cerebra/is, and mean histologic scores of tissue damage for I 07 
reaches sampled across the Salt River watershed during 2000. 

Fine Aquatic Channel Low-velocity Fish Infection Histologic 
Stream Reach sediment macrophytes slope mesohabitat collected rate(%) score 

(%) (%) (%) (%) 

MOUNTAIN TRIBUTARIES 
Cottonwood 
Creek 1 1 0 2.78 18 6 0 0.00 

2 0 0 1.29 0 30 0 0.00 

Crow 
Creek 1 0 0 0.38 0 6 50 0 00 

2 40 24 0.44 52 3 67 0.00 

3 23 7 0.28 50 25 60 0 16 

4 40 8 0.12 70 16 38 0 00 

5 55 19 0.28 43 9 44 0.00 

6 27 12 0.63 46 27 63 0.04 

7 46 7 1.34 32 36 3 0.00 

Spring Creek 
(tributary to Crow Creek) 

1 88 6 0.68 52 26 8 0.00 

2 55 3 0.40 65 36 25 0.03 

Dry 
Creek 1 0 0 2.53 26 5 20 0.00 

2 0 0 .50 11 8 0 0.00 

Jackknife 
Creek 1 63 90 0.38 72 0 

2 63 10 0.79 78 4 75 0.25 

3 33 11 0.94 68 13 8 0 23 

4 38 0 0.82 57 18 33 0.00 

5 55 0 1.02 76 26 4 0.00 

Upper 
Salt River 1 19 0 0.96 52 14 29 0.00 

2 12 0 1.37 34 14 50 0.07 

3 6 0 1.57 28 25 8 0.00 

Strawberry 
Creek 0 0 1.80 5 0 

Stump 
Creek 1 14 0 0.01 100 3 67 0.33 

2 15 0 0.55 53 2 100 0.00 

3 8 3 1.08 23 20 50 0.00 

4 54 13 0.16 81 25 60 0 04 

5 38 2 0.42 40 27 48 0.00 

6 32 4 0.34 77 16 25 0 00 

7 22 2 0.62 46 28 25 0.04 

8 6 0 1.71 19 18 11 0.06 

Spring Creek 
(tributary to Tygee Creek) 

1 26 73 0.63 94 0 

Tygee 
Creek 1 68 41 0.26 71 4 50 0.25 

2 63 8 1.08 61 7 71 0.00 

Webster 
Creek 1 0 0 2.12 0 25 80 0.40 

2 85 0 1.51 46 25 100 1.08 

Swift Creek 1 0 0 2.82 24 0 

2 60 1 0 01 100 25 92 0.00 
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Appendix A (cont.
) 

Fine 
Aquatic 

Channe l
Low-velocity Fi sh Infection Histolog ic Stream Reach sediment macrophyt

es slo

pe
me sohabi

ta
t 

c o
ll

ec
t

ed r a
t e (

%) scor e
(%) (%) (%) (%) 

Tincup Creek 1 70 2 0.14 87 24 7 5 0.33 2 57 1 0.87 86 6 50 
0.0 0

3 95 0 0.23 100 0 
4 9 0 .60 37 8 50 0.00 
5 10 0 

1.
08 0 2 6 35 0 .00 Willow

Creek 1 7 0 
1.3

3 
4 0 26 1 9 0.00 2 13 0 

1.08 58 0 3 0.00 3 1 0 2.57 32 1 7 6 0.00 4 0 0 3.0 1 23 25 0 0.00 SPRING STREAM
S Anderson 

Cree k 1 90 60 
0.0

9 100 51 76 0.24 2 95 1 0.13 76 26 85 0.23 
3 6 1 23 

0.3
3 32 25 36 

0.
0 0Bi gCree k 1 46 24 0.0

2 60 29 79 0.39 2 80 76 0.13 100 21 57 0.43 3 67 20 
0.21 67 28 64 

0.0
4 Burton 

Creek 89 31 
0.1

4
10

0 30 73 
0.03

Christensen 
Creek 1 95 70 

0.1
4 88 30 97 0.93 2 79 66 

0.39 90 51 98 1.2 2Cranny Creek 1 67 24 0.01 58 25 88 
0 .4 42 100 90 

0.01 100 0 3 100 75 
0.1

4 97 4 75 
0.2

5 4 37 11 0.1
4 80 0 Dave 

Creek 86 4 
0.1

6 64 16 38 
0.0

6 Flat 
Creek 1 19 3 

0.12 81 35 11 0.00 2 10 0 
0.17 

7 51 29 0.00 3 75 47 0.37 92 25 32 0.00 4 67 1 
1.13 33 

25 80 
0.0

0 Hillyard 
Creek 1 64 40 0.25 65 

14 93 0.07 2 67 45 0.05 64 26 62 0.85 Perk 
Creek 1 69 36 1.94 73 36 33 0.00 2 90 53 0.17

96 35 37 
0.06Thompson 

Creek 1 93 58 0.50 80 37 
76 0.08Thurman 

Creek 29 61 0.36 100 26 65 0.23 
SALT R IVER SIDE CHANNELS 

Reach A 1 83 0 0.88 90 16 56 0.06 2 90 0 1.34 18 23 87 0. 1
33 95 7 0.64 69 21 48 0.38
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Appendix A (cont.) 

Fine Aquatic Channel Low-velocity Fish Infection Histologic 
Stream Reach sediment macrophytes slope mesohabitat collected rate(%) score 

(%) (%) (%) (%) 

Reach A 
(cont.) 

5 10 0 1.00 28 4 75 0.75 

6 51 0 1.00 66 8 75 0.00 

Reach B 
1 49 0 0.09 65 22 82 0.27 

2 85 0 0.57 57 29 38 0.14 

3 68 0 0.22 37 29 38 0.07 

4 60 0 0.05 79 13 23 0 00 

5 64 0 0.17 69 27 63 0 30 

6 94 0 0.01 93 11 64 0 45 

7 75 0 0.21 68 28 82 0.57 

8 22 0 0.18 29 34 38 0 16 

9 90 0 1.30 46 22 59 0.00 

Reach C 
1 65 0 1.11 70 14 86 0.36 

2 90 60 0.01 100 6 83 0.00 

3 6 0 0.99 31 0 

4 96 11 0.63 55 5 100 0.00 

5 99 0 0.01 100 2 100 1.50 

6 36 11 0.01 35 29 90 0.31 

7 98 5 0.01 100 26 96 0.20 

8 97 25 0.08 92 25 96 0.20 

9 39 0 0.03 95 26 100 0.42 

10 60 0 1.49 2 33 88 0.70 

11 60 0 1.50 11 26 96 0.38 

12 92 14 0.39 72 27 85 0.24 

13 70 0 0.52 85 26 92 0.12 

14 20 0 1.50 46 7 100 0.29 

15 74 0 0.34 100 19 84 0.37 

16 0 5 1.00 0 28 75 0.21 

17 0 0 1.50 0 16 100 0.56 

18 30 13 1.50 25 24 92 0.38 

Reach D 
1 95 0 0.50 100 15 87 0.20 

2 95 40 0.50 100 8 100 1.38 

3 55 0 0.50 74 25 88 0.20 

4 92 0 1.00 100 23 91 0.48 
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FORAGE USE BY WHITE-TAILED DEER IN NORTHWEST 

MONTANA FROM AN HISTORICAL PERSPECTIVE 

Gary L. Dusek, Montana Fish, Wildlife and Parks, 1400 South 19th Avenue, Bozeman, MT 59718 

Alan K. Wood, Montana Fish, Wildlife and Parks, 490 North Meridian, Kalispell, MT 5990 I 
Carolyn A. Sime, Montana Fish, Wildlife and Parks, 1420 East Sixth Avenue, Helena, MT 59620 
John T. Morgan, Pennsylvania Game Commission, 448 Snyder Road, Reading, PA 19605 

ABSTRACT 
We evaluated forage use by white-tailed deer ( Odocoileus virginianus) that occupy montane 

forests of northwest Montana over a period spanning the 1940s through the 1990s. Several 

studies provided food habit information, but most came from the Thompson River, Swan Valley, 

Kootenai River, and Salish Mountains. Use of Douglas-fir (Pseudotsuga menziesii) and Oregon 
grape (Berberis repens) by deer during winter was consistent over the 60-year period despite 
habitat alteration or loss due to construction of large hydroelectric facilities, logging and other 
silvicultural treatments, and fire suppression. The relative importance of conifer browse and 

low-growing species such as Oregon grape probably varied with amount of winter snowpack. 
Douglas-fir and Oregon grape probably have not represented emergency or starvation forage 

as traditionally believed but rather a very important dietary component on deer winter ranges 
in northwest Montana. Availability and use of arboreal lichens by deer might also increase 

digestibility and importance of browse available to deer during winter. Further, the observed 
pattern of forage use over time was consistent with a strategy of overwinter survival that favors 
energy conservation whereby value of overhead cover might override that of forage in winter 

resource selection. 

Key words: forage use, northwest Montana, Odocoi/eus virginianus, white-tailed deer 

INTRODUCTION 

White-tailed deer in the northern Rocky 
Mountains occupy winter ranges consisting 
of cutover stands of Douglas-fir along lower 

valleys and foothills. Human manipulation 
of these lower-valley montane forests by 

fire dates back some 6-10 thousand years 
before Euro-American settlement (Amo 
1980, Barrett and Amo 1982). However, a 
combination of logging and fire from the 
1880s to the I 930s altered a large portion 
of these stands to a mixture of remnant 

old conifers and second-growth timber 
dominated by shade tolerant species such 

as Douglas-fir and shrublands (Pengelly 

1963). Additionally, increasingly effective 
fire suppression through the 1990s probably 

influenced structure and composition of 

traditional winter ranges used by white­

tailed deer. 

Timber harvest with associated road 

construction has been a primary use 

of public and corporate timberlands in 

northwest Montana. From the mid-1940s 
through the mid- I 950s, private and public 

resource managers maintained that whitetails 

had exceeded forage carrying capacity on 
many of these ranges ( e.g., Cole 1959) and 
cited heavy use of conifers as a symptom 

of overbrowsing (e.g., Adams 1949, Neils 

et al. 1955). During the I 960s, a common 

belief held that opening up the forest canopy 
across the northern tier of the species' range 

would increase winter browse for white­

tailed deer by increasing abundance of 
shade-intolerant seral shrubs (Krefting 1962, 

Pengelly 1963). However, short- and long­
term effects that logging might have on deer 

distribution and resource selection were left 

largely to speculation and an assumption that 

white-tailed deer depended heavily on early 
seral communities to meet yearlong forage 

needs. For example, efforts to mitigate 

habitat loss resulting from construction of 

Libby Dam in the early 1970s (Campbell 

1971, 1972, Campbell and Knoche 1973) 

included treating alternative winter ranges to 
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stimulate growth of deciduou shrubs uch 

as scrvicebeny (Amelanchier almfolia), 

chokecherry (Prunus virginianus), and 

bittcrbrush (Purshia tridentata) to make 

these sites more attractive to both white­

tailed and mule deer (0. hemionus). 

Hildebrand ( 1971 ), Leach ( 1982), and 

Mundinger(1984) in the wan River Valley 

in n rthwest Montana and Baumeister 

( 1992) in north-central Idaho reported a 

close relationship between white-tailed 

deer and mature, late seral forest. All these 

, tudies essentially challenged a concept that 

categorized white-tailed deer a an animal 

primarily associated with early succession; 

these studies and that of Morgan ( 1993) 

on summer range in the Salish Mountains 

suggested that deer preferred mature forests 

that provided both cover and forage to those 

that provided either forage or cover alone. 

In contrast, Hicks (1990) reported that deer 

preferentially used younger pole-sized 

timber stands under severe winter conditions 

in the Thompson River Valley in northwest 

Montana. 

This paper documents forage use by 
white-tailed deer throughout northwest 

Montana to determine if such use might 

have changed in the past 60 years related 

to ( 1) a combination of forest management 

practices and fire suppression policies, and 

(2) a perceived upward trend in white-tailed

deer populations in northwest Montana.

STUDY AREA AND METHODS 
Descriptions of the respective areas

and food habit information were previously 

reported for the Swan-Clearwater by 

Hildebrand ( 1971 ), Janke ( 1977), and 

Mundinger ( 1980) and for the Kootenai 

in the vicinity of Libby Dam by Campbell 

( 1972). Dusek et al. (2005) described two 

winter ranges in the Sali h Moutains for 

which Morgan ( 1993) reported food habit 

of deer on one of the a ociated ummer 

ranges. 

The early work from the Thomp on

River included examination of rumen 

contents of deer found dead in the field, and 

forage compos ition was based on weight of 

consumed material (Montana Fish and Game 

Department, unpubh hed). Later analyse of 

forage use by wh1te-tatled deer, e ccpt th se

for winter in the alish Mountams. were 

based on rumen sample collected 111 1dental

to the vanous studies; relati\e abundan e 

of ind1\idual items wa detenrnned b) an 

aggregate volume method (Mart111 et al. 

1946). 

Winter food habits of white-tailed deer 

from the Salish Mountains \',,ere e aluated 

from m1croh1stological analysis of fecal 

composite (Department of atural Resource 

Sciences, wa.,hington talc niver ... ity, 

Pullman) collected on the Bow.,er and 

Murphy winter range'> (Dusek ct al. 2005) 

during 1998 and 1999. A <,ample consi.,ted 

of three pellets from each of 20 pellet 

groups. Cight '>amples were collected, one 
each during January and rebruary, during 

1998 and 1999, from both winter range .... 

RESULTS 

The 1940s and 1950s 
The earliest known documentation of 

forage u e by white-tailed deer in northwest 

Montana came from the Thompson River 

in the early 1940 (Montana Department of 

Fish and Game, unpubl. data). Douglas-fir 

occurred in all four rumens examined from 

the Thompson River during February and 
March 1942 and was the most abundant 

item in the diet by average weight (21 %). 

An interpretation of these data h111ted at 

overbrowsing of deciduou hrubs, such

as bitterbrush and serviceben
y
, which 

managers at that time typically expected to 

be available to deer during penods of deep 

snow; this work also reported heavy use 
of "black lichen" as it became available 

through blow-down and cutt111gs Browsing 

of conifers by deer was widely documented 

in northwest Montana by the late 1940s, and 

manager widely regarded such a foraging 

pattern indicative of degraded deer range 

(Adam 1949). 

Weck worth ( 1959) reported consistent 

use of conifer browse 111 the wan Valley 

from October 1957 through Apnl 1958; 

among conifer specie , deer used Douglas­

fir most con'> istently and mo<,t prom111ently 

dunng January and February. He noted that 
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Oregon grape was the most abundant item 

in the diet (Table 1) and attributed this to 

mild winter conditions with relatively light 

snowfall. 

The 1960s and 1970s 

Douglas-fir and Oregon grape were 

major items in the winter diet during the 

period (Table 1) as reported from rumen 

analyses of white-tailed deer in the Kootenai 

drainage following construction of Libby 

Dam (Campbell 1972) and in the Swan 

Valley (Mundinger 1980). The relative 

volume of Douglas-fir in rumens was 

greatest during periods of heavy snowpack, 

whereas Oregon grape received its greatest 
use during years when winter and spring 

were relatively snow-free. 

Managers believed that deer would 

respond favorably to an increase in shrub 

production following large-scale timber 

harvests but undesirable shrubs would 
' 

begin to reduce production of "good" 
browse species within 10-15 years following 

logging (Pengelly 1961 ). Treatment of 

forested communities to stimulate increased 

abundance and nutritional quality of seral 

shrubs considered to be important to 

deer dominated early efforts to mitigate 

loss of winter range along the Kootenai 

although Campbell ( 1972) noted that deer 
continued to rely primarily on Douglas-fir, 

other conifers, and other taxa that retained 

chorophyll through winter, e.g., Oregon 

grape and horsetail (Equisetum spp.). 

The 1980s and 1990s 

Winter.-Foods used by white-tailed 

deer on the Bowser and Murphy winter 

ranges during the relatively mild winters 

of 1998 and 1999 (determined from micro­

histological analysis) are summarized in 

Table 2. Browse, including both conifers and 

deciduous species, accounted for about 91 

percent of the winter diet (Table 2). Oregon 

grape and Douglas-fir were by far the most 

abundant items occurring among samples 

across both areas during both years. Their 

combined use accounted for an average of 

79 percent among all winter samples (Table 

2). Abundance of other browse species 

was low although willow (Salix spp.) and 

60 Dusek, et al. 

lodgepole pine (Pinus contorta) consistently 

occurred in the diet both spatially and 

temporally. Grasses and grass-like plants 

accounted for about 5 percent of the winter 

diet. Lichens occurred among samples for 

both years and from both winter ranges. 

These most likely represented two genera 

of lichens occurring in the Pseudotsuga 

menziesii Series (Eversman, personal 

communication 2004): Bryoria spp. and 

Usnea spp. Project personnel observed deer 

using Bryoria either from camera surveys 

or by direct observation. Periodic winds 

seemingly increased availability of this 

taxon through blow down. 

Spring/summerlautumn.-Food habits 

of white-tailed deer for spring-autumn 

1989 and 1990 were previously reported by 

Morgan ( 1993) for a portion of the Salish 

Mountains that included the Tally Lake 

District of the Flathead National Forest (Fig. 

I). These findings offer additional evidence 

that browse dominated the yearlong diet 

of white-tailed deer in northwest Montana. 

Based on forage items used by deer during 

this period, these data further emphasized 

that deer foraged consistently under the 

forest canopy even during spring-autumn 

and probably made less use of early seral 

deciduous shrubs than one might expect. 

Browse received less use during spring 

than in other seasons but still accounted for 

nearly half of the spring diet. During spring, 

grasses received their only significant use 

and accounted for most of the remaining 

volume among rumen samples (Fig. 1). The 

average volume of forbs among rumens 

increased from spring to summer and then 

declined from summer to autumn. Rumen 

samples for the autumn period were taken 

prior to 15 October; as such, these data 

reflect forage use only during early autumn 

and not that of late autumn when deer would 

probably increase their use of taxa that 

typically occur in the winter diet. 

Among shrubs that contributed to the 

spring-autumn diet of deer in the Salish 

Mountains (Morgan 1993), pachistima 

(Pachistima myrsintes) accounted for � 21 

percent by volume among rumen samples 

collected during spring, summer, and autumn. 
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Its u e increased during spring throu g
h 

mid autumn. Oth er browse spec
i

es used 

consisten
t
ly thro ughout the spring- autum n 

period but account ed for � I percent of t
he 

average volume for each season included 

huckleber r y ( Vaccinium spp.), Do uglas - fi r, 

princes -pin e (Chim aph i la umbel/ata) , and 

serviceber r y . Princes-pine and huckleberry 
received their greatest use duri ng summer 

compared to spring and autumn. 

DISCUSSION
Our examination of forage use by whi t

e­

tailed deer throu ghout northwest Montana 

over the past six decades leaves litt le dou
bt 

that second growth Dou glas- fir 
i
n th

e 
foothills and lower dra i nages has provide

d 

k ey winte r ra n g
e 

fo
r w h

i
t
e

-
ta

il
e
d d

eer in 
western M

on t
ana as suggeste

d 
ear

l

y on 
by Pe ng elly (196 3)

. It i
s 

impo
rta n t to no te 

that the pre
do m

inan c e o
f 

Do
u gl as-fi r and Or e g on g ra pe in the w

i
nte r di ets of white ­

tailed deer w as 
cons

i
sten

t 
i n foo

d 

h abit studies fr
o m 

the 19 4 0s th
r

ough t h
e 199

0s 
(Tables I an d 

2 ). Thi
s 

time fra me tran
sce

nds a period of s i
g
n ifi

c
a

n
t 

cha
n ge in t

h
e forests of northw es t

e r n  
M

on
tana 

i
n

c lu di ng 
m

a

r
k
ed habitat lo s s re s u

lting fro m c o n
s tru ct

i

o
n 

of sever al lar
g

e hydr
oe

l
e c

tr i
c 

d
ams. 

Harv est patterns and fire ex c lu s
i
on ha ve co nverte

d much of th
e 

la
te-sera

l for est co mmun
i

t
i
es 

to mid-s e ra
l fores t 

co mm un
itie s, whi

le 
invasion of nox i

ou
s we e

d
s h

as 
rapidly 

di splac
e

d 
na ti

v e spe
c i

es th rou
g

h
out 

t
h

e 

Table 2. Winter foods of whit e- tailed deer 
i

n the Salish Mou
n

t
a
ins, 1998-199 9

, 
from 

microhistolo gical ana lysis of pelle
t

s from four sites acros s ea c h  
w

i
n

t
er ran

ge. 

Dee r Diets BTW
R 

BTW
R 

MDW
R 

MDW
R Ove r all 

Plant specie s

1 199
8 

199
9 

1998 1999 Mean Rank 

Berberis repens (leaf) 
58.10 33.43 

52.23 
53.28 

47.2
9 1 Pseudotsuga menziesii 26.18 43.8

9 
30.4

5 
22.13 3 1

.4
4 2 Salix spp. (stem

) 
0.85 2.30 0.83 2.23 1.7

9 3 
Pinus contorta 0.83 

1.4
5 

3.80 1.23 
1
.6

6 4 Lichen 1.85 1.88 
1.83 

1.00 
1
.57 5 

Poa spp. 0.63 1.73 0.08 
2.4

0 1.49 6 Amelanchie r alnifolia (stem
) 

0.00 1.0
1 

0.75 
1.60 1.00 

7 Shepherdia canadensis 0.00 1.60 0.75 
0.9

9 0.99 8 
Vaccinium spp. (leaf) 

0.28 0.40 0.4
8 

1.83 0.87 9 Carexspp. 0.75 0.73 
0.20 

1.4
0 

0
.8

7 
9 

Salix spp. (leaf) 1.50 0.1
4 

0.23 
1.2

9 0.
7

6 11 Moss 0.55 0.70 0.00 1.21 
0.73 12 Juniperus spp. 0.98 1.2

3 
0.08 

0.33 
0

.69 13 
Cornus stolonifera (leaf

) 
0.45 0.1 9 1.05 

0.98 
0

.64 14 
Other Shrub (stem

) 
0.08 0.98 0.63 0.55 

0
.63 15 

Other grasses 0.83 0.83 0.23 0.29 0
.5

5 
16 Ot her forbs 0.60 0.36 0.78 0.51 

0.52 
17 Total 100.00 100.00 100.00 100.00 100.00 

Forage Class 

Tota l Conifers 28.60 48.38 
34.55 

23.74 
3

4

.56 
Total Shrub 61.78 42.53 60.78 64.85 

5
6.2

2 

Total Grass 4.43 
4.93 0.50 5.18 

4.19 Total Sedge/Rush 0.75 0.83 0.20 1.40 0
.90 Total Forb 1.75 0.73 1.63 2.09 1.50 

Total Ferns 0.10 0.00 0.43 0.04 0
.10 Nonvascular plants 2.40 2.58 1.83 

2.21 2.30 
1 Includes only those plants that comprise;::: 0.5 % of the overall winte

r 
diet. 
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Figure 1. Use among forage classes by white-tailed deer in the Tally Lake D1stnct dunn • 
pring-Autumn based on data reported by Morgan ( 1993). Relative use of each forage class is

expressed as a percent of the average total volume. 

Pacific northwest (USDA Forest Service 

1996). Douglas-fir and Oregon grape 

continue to dominate winter diets of deer, 

despite the extensive changes in forest 

structure and composition over the last 
60 years. This, together with an upward 

trend in deer harvests (Dusek et al. 2005) 
over the same period suggests that these 

forage species do not and probably never 

represented emergency or starvation rations, 

but probably represented an important 

dietary component available to deer on 

winter ranges in this region. 

Although early efforts to increase

browse production through timber harvest, 

low-intensity bums, or other silvicultural 

treatments were based on a premise that deer 

would respond favorably to fragmenting 

continuity of forest canopy on winter ranges, 

such practices may have only reduced the

shelter value of the habitat. For example, in 

Ontario deer did not noticeably respond to 

increased availability of browse following 

opening the canopy to develop cottage sites 

suggesting that shelte r quality probably 

outweighed browse availabil ity (Armstrong 

ct al. 1983). Pauley ct al. ( 1993) explained 

and predicted winter hab itat selection in the 

context of energy budget for wh ite-tailed 

deer in northern Idaho. Thus, when snow 

depth was< 30 cm deer strong ly selected 

for lodgepole pine and Douglas-fir pole 

stands that provide relatively minimal snow 

interception and an abundance of 'preferred' 
forage (Pauley ct al. 1993 ); however, 

during mid winter when snow depths often 

exceeded 40 cm, deer avoided openings 

and early successional stands and selected 
advanced fore t age cla cs that provided 

more optimal snow conditions. nder such 

conditions we would expect white-tailed 

deer to increase their use of Douglas-fir and 
other browse that was readily ava1lablc. 

Although lichens occurred only as a 

small proportion of the total �mter diet, 

they were a disproportionately important 

component of the winter food supply 
because of the synergi tic effect they have 

on rumen function. High levels of digestible 

energy found in lichens increases the 

concentration of rumen protozoa many-

fold, which results in an increased net 

utilization of nitrogen from other forage 

specie (Ullrey ct al. 1971). 5tudic of 

penned deer al. o found that a combination 

of energy and nitrogen supplements to a 

brow<,e diet, although not changing o, erall 

d1ge<;t1bility of native forage species,

significantly increased total forage intake 

when the supplement comprised as low 

as IO percent of total dry matter intake 

(Ullrcy ct al. 1975). Thus. consumption of 
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lichen likely increases nutritional status of 
wintering deer by increasing overall rumen 
function. Lichens also might be typically 
under-represented in dietary studies such as 
those reported in Table 1 because of their 
high and rapid digestibility (Bergerud et al. 
1964). They are of disproportionate value in 
the winter diet of white-tailed deer relative 
to their composition in overall forage 
consumption. 

Oregon grape and/or Douglas-fir are 
major winter food items for white-tailed 
deer in northwest Montana (Tables 1 and 
2) and have been so for at least the last
60 years. Similar dietary patterns have
been documented in the lower Clearwater­
Blackfoot drainages of western Montana
(Janke 1977, Slott 1980). Campbell (1972),
Janke ( 1977) and Mundinger (1980)
reported predominance of Oregon grape in
the diet of deer in the Kootenai and Swan
valleys during either mild winters with
below-average snowfall or the portion of
individual winters in which snowpack was
minimal or absent; Douglas-fir dominated
deer diets during periods of heavier snow
accumulation. Thus, we conclude that the
effect of winter snowpack on availability of
Oregon grape detennines forage selection
between two primary forage species. These
studies all point to a strategy of overwinter
survival of white-tailed deer in northwest
Montana that favors energy conservation
whereby deer tend to be habitat specialists
and forage generalists.
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EAR TAGS VERSUS PASSIVE INTEGRATED 

TRANSPONDER (PIT) TAGS 

FoR EFFECTIVELY MARKING DEER M1cE 

Amy J. Kuenzi, Department of Biology, Montana Tech, Butte, MT 5970 I 
Misty M. Zumbrun, Department of Biology, Montana Tech, Butte, MT 5970 I 
Kevin Hughes, Department of Biology, Montana Tech, Butte, MT 5970 I 

ABSTRACT 
We examined whether passive integrated transponder (PIT) tags were a more effective 

marking technique for a long-term population study of deer mice (Peromyscus �ianici'.lat�s! than

ear tags. We compared the number of PIT tags lost to ear tags lost in a population of md1v1duals 

that received both types of markers. A total of 194 deer mice received both PIT and ear tags 

and 56.7 percent of these animals were recaptured at least once during the study. We fou
.
nd 

that PIT tags performed poorly as a marking technique for a mark-recapture study of deer mice 

using our methods of implantation. The percentage of recaptured individuals that lost PIT tags 

(31.8%) was significantly higher than the percentage that lost ear tags (8.2%). We recommend 

further study to determine if alternative tag placement techniques may increase PIT tag retention 

in this species. 

Key words: ear tags, marking techniques, Peromyscus maniculatus, passive integrated
transponders, tag loss and retention 

INTRODUCTION 
Many studies of animal population 

biology require repeated, accurate 
identification of individuals (Schooley et al. 

1993). Numerous marking techniques are 
available for different groups of animals. 

Attaching small metal or plastic ear tags 
stamped with a unique number to the lower 

inner region of the ear is a commonly 
used method to mark small mammals. 

Although ear tagging is relatively easy and 

inexpensive, tags can be lost as a result 

of infection, wear, grooming, or fighting 

(Hubert et al. 1976, Alt et al. 1985), and 

numbers on ear tags may be misread because 

of their small size. 

Passive integrated transponder 
(PIT) tags offer a relatively new animal­

marking device. PIT tags consist of an 

electromagnetic coil and a microchip 

that emits a signal when excited by 

electromagnetic energy. The transponder 

chip is programmed with a unique alpha 

or numeric code and only activated when 

energized, which makes the I ife of the 

marker virtually indefinite (Nietfeld 

et al. 1994). PIT tags are implanted 
subcutaneously using a modified syringe 

applicator. They have been used on a variety 
of small mammal species with a generally 

high rate of tag retention(> 90%). Species 

include ground squirrels (Spermophilus 
townsendii) (Schooley et al. 1993), voles

(Microtus sp.) (Harper and Batzli 1996),

big brown bats (Eptesicusfuscus) (Barnard
1989), ferrets (Mustela sp . )  (Fagerstone

and Johns I 987, Morley 2002), and house 

mice (Mus musculus) (Rao and Edmondson
1990). The use of PIT tags might also reduce 

the frequency of misreading tags especially 
when using a PIT tag reader with data 

memory. The primary disadvantage of PIT 

tags is their high cost; currently (2005) PIT 
tags cost~ $5/unit. 

We attempt to determine the mo t 

effective marking technique for a long-term 

population study of deer mice (Peromyscus 
maniculatus) by comparing the number of

lost PIT tags versus ear tags in a population 

of deer mice that had received both types 

of tags. A I though deer mice are among the 

most widely distributed mammals in North 
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America (Baker 1968), we could find no 

published data on the field use and retention 

of PIT tags in this species. This study was 

part of a larger study of deer mouse behavior 

in pcridomcstic populations and hantavirus 

transmission within those populations. 

METHODS 
Our study was conducted from May 

2002 through September 2003 near Gregson, 

Silver Bow County, Montana. Vegetation 

at the study site was mainly big sagebrush 

(Artemisia tridentata) and bittcrbrush 

(Purshia tridentata) with scattered willows 

(Salix spp.) and Douglas-fir (Pseudotsuga 

menziesii). 

We live trapped deer mice on a I 00- x 

I 00-m grid containing I 00 trap stations 

with trap stations located IO m apart. At 

each trap station we placed a non-folding 

aluminum Sherman trap (8 x 9x 23 cm, H.B. 

Sherman Trap Co.) baited with oatmeal and 

peanut butter and provided each trap with 

polyester bedding. Traps were set for three 

consecutive nights twice/month from May 

through August, and for three consecutive 

nights/month from September through April. 

Traps were opened each evening and 

promptly checked the following morning. 

Traps containing animals were transported 

to a central location for processing. We 

recorded species, body mass, sex, age, 

reproductive condition, and location of 

capture. Deer mice were then car-tagged 

with monel # 1005-1 tags (National Band and 

Tag Co., Newport, KY). After ear tagging, 

we implanted subcutaneously a 12-mm, 

134.2-kHz PIT tag (Biomark, Inc., Meridian, 

ID) between the shoulders of each deer 

mouse. We used a 12-ga needle attached to 

a plastic syringe to implant each tag. Tags, 

needles, and syringes were sterilized with 

Nolvasan solution (Fort Dodge Laboratories, 

Fort Dodge, IA) prior to use. We used a 

hand held reader to verify that PIT tags were 

functioning after implantation, recorded ear­

tag and PIT-tag numbers, and released each 

animal at the point of capture. 

We determined loss of car tags by 

looking for ripped pinna on all animals 

captured and estimated both PIT tag and 

ear tag loss as the percent of mice known 

to have lost tags. We used a hand-held 

reader to determine if previously implanted 

PIT tags were still pre ent tn recaptured 

animals. Recaptured individuals that gave 

no response to the hand held reader were 

palpated to dctcnninc if tags were pre-.em 

but not functional. We could not determin e 

the exact time of loss of tags because not all 

animals were captured dunng every session 

of trapping. ln,tcad we determined the 

range of time of retention for each lost tag 

bounded by the last day the tag was known 

to be present (minimum) and the I st day 

we discovered the loss of a tag (maximum). 

All recaptured animals that lost tags were 

rctaggcd. A sign test (Zar 1984) was used to 

compare the number of lost pit tags versus 

the number of lost car tags among males, 

females and all animals combined. 

RESULTS 
A total of 194 animals received both 

PIT and ear tags, and we recaptured 110 of 

these animals at least once during the study 

(Table I). Three animals (2 females, I male) 

could not be identified positively because 

they lost both PIT and car tags. Lo<,s of PIT 

tags was higher (P < 0.05) than loss of car 

tags for males, female , and all animals 

combined (Table I). The mean minimum 

and mean maximum length of time that 

individuals retained PIT tags before loss 

ranged from~ 8-35 days in females and 

3 - 26 days in males. 

We rctaggcd individual that lost either 

a PIT or car tag. inc individuals were given 

new car tags of which four were recaptured; 

one secondary car tag was lost (25 °
10, not 

included in Table I). Thirty-five md1\iduals 

were given new PIT tags of which 25 were 

recaptured; five ,ccondary PIT tags were 

lost (20%, not included in Table I). Four of 

five individuals given a third PIT tag also 

lost the tag. 

Our rate of ear tag loss (8.2%) was 

comparable to those reported for other small 

mammal species (Table 2), i.e., a reported 

average loss rate of 9.9 percent (range 2.2-

15.0%). Our PIT tag loss rate of 31.8 percent 

was considerably higher than those reported 
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Table 1. Number (percent) of deer mice tagged and recaptured in Montana from May 2002 
through September 2003, losses of pas ive integrated transponders (Pll) and ear tags, and 
minimum and maximum number of days (X ± I SE) PIT tags were retained before loss. P
values are given for sign tests of PIT vs. ear tag losses. 

No. Tags 
Lost Days retained before loss 

Sex Tagged Recaptured PIT 

Female 89 
Male 105 
Total 194 

52 
58 
110 

16 (30.8) 
19 (32.8) 
35 (31.8) 

Ear 

5 (9.6) 
4 (6.9) 
9 (8.2) 

for other small mammal species (Table 2). 
The average PIT tag loss rate in other small 
mammal studies was 4.6 percent (range 2.6-
8.7%). 

DISCUSSION 
In our study, ear tags provided a better 

long term marking technique for deer mice 
than PIT tagging. Ear tag loss was much 
lower than PIT tag loss for both male and 
female deer mice. In addition, ear tags are 
inexpensive and relatively easy to apply, 
and application requires minimal training 
of personnel. However, ear tags can be 
misread due to their small size, and one 
can expect difficulty in restraining mice in 
order to read tag numbers (Nietfeld et al. 
1994). To limit misreading tags, animals 
can be tagged in both ears with unique tag 
numbers, forming a cross-reference to check 
for errors. However, the additional time and 
handling of animals may not be justified 
in some studies. For example, studies 
involving threatened or endangered species 
may require minimal handling to reduce the 
chance of induced stress or mortality. 

PIT tagging may reduce or eliminate 
handling time as they can be read remotely 
or quickly when animal is captured and the 
equipment used is functioning properly. 
Morley (2002) found that the time required 
to read ear tags of wild ferrets (Mus tel/a

furo) averaged 43 sec, whereas scanning an 
animals PIT tag required <5 sec. Stoneberg 
( 1996) developed methods to read implanted 
black-footed ferrets (Mustel/a nigripes)

remotely. However, we do not feel that 
reduction in handling time outweighs the 
high rate of tag loss that we experienced. 
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Both 

2 (3.8) 
1 (1.7) 
3 (2.7) 

p 

0.026 
0.003 
< 0.001 

Minimum 

8.3 + 3.9 
3.4 + 2.1 
5.6 + 2.1 

Maximum 

34.9 + 14.4 
25.8 + 7.7 
29.8 + 7.5 

PIT tags injected with a 12-ga needle left a 
relatively large injection site through which 
the tag could slip back out suggesting some 
of our PIT tag loss likely occurred before 
the implant wound healed. Schooley et al. 
(1993) and Harper and Batzli ( 1996) also 
found that tags with short retention times 
might have been lost through fresh implant 
wounds. Although they did not try it, 
Williams et al. ( 1997) thought that applying 
liquid suture to the wound left by the needle 
might increase tag retention. Williams et 
al. ( 1997) also recommended squeezing 
the injection site for several seconds after 
withdrawing the needle to reduce tag loss. 

Although we encountered a high rate 
of PIT tag loss, all PIT tags retained by deer 
mice remained operable. Other studies have 
reported high failure rates for retained PIT 
tags. In a study of wild badgers, Rogers et 
al. (2002) reported a PIT tag failure rate of 
6.9 percent. Fagerstone and Johns ( 1987) 
reported a 30.4-percent failure rate in their 
work with domestic ferrets (Mustela putoris

furo) although this included lost PIT tags 
as well as tags that remained in place but 
had become inoperative; they identified a 
design problem in their PIT tags that caused 
the tags to short circuit and fail prematurely, 
which was subsequently addressed and 
eliminated most tag failures. 

In conclusion, we found that PIT tags 
performed poorly as a marking technique 
for a long-term mark-recapture study of deer 
mice using our methods of implantation. 
We are currently examining if use of topical 
tissue adhesive to suture the implantation 
wound might increase PIT tag retention. 
Placement of PIT tags between the shoulder 



Table 2. A summary of the percentage of PIT tag and ear tag loss in this study compared to 
published small mammal studies by species 

Author(s) Species % tag loss 

PIT Ear 

This study 
Harper and Batzli ( 1996) 
Harper and Batzli (1996) 
Krebs et al. (1969) 

P. maniculatus
Microtus ochrogaster
M. pennsylvanicus

31.8 
4.8 
5.1 

8.2 
11 6 
9.6 
2.2 
5 1 

M. ochrogaster
Krebs et al. (1969) M. pennsy/vanicus
Wood and Slade (1990) 
Williams et al. (1997) 
Williams et al. (1997) 
Williams et al. (1997) 
Schooley et al. (1993) 

M. ochrogaster
Dipodomys ingens 2.9 

2 6  
8.7 
3.4* 
5.0* 

16.0 
9.1 

11.1 
15.0 

D. heermanni

Rao and Edmondson (1990) 
Bias et al. ( 1992) 

D. nitratoides
Spermophilus townsendii
Mus musculus
M. musculus

* Includes losses and retained tags that stopped functioning.

blades is common and often recommended 

because the skin of head and neck is loose 

allowing easy insertion of the transponder 

and nerves are not prevalent. However, 

tag retention has been affected by site 

of implantation (Gibbons and Andrews 

2004). Thus, we are also considering other 

implantation locations, such as the abdomen. 
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CASE STUDY OF A CHILDREN'S JuDo CLAss: 

MuscULOSKELETAL FITNESS CHANGES 
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ABSTRACT 
We evaluated the musculoskeletal fitness changes in 18 children enrolled in the Montana 

Tech Fall Judo Camp (test sample) and 12 children from a 3rd grade class at a local elementary 

school in Butte, Montana (control sample). The musculoskeletal fitness te<;ts included pu-.h-up 

test, pull-up test, and one-minute timed sit-ups for the test sample and push-ups and one minute 

timed sit-ups for the control sample, with five minutes of rest between each te<;l. ·r he test sample 

increased their performances in pull-ups, sit-ups, and push-ups by 0.7, 3.7, and 6.6 repetitions, 

respectively. The control sample decreased in their sit-up performance by I .3 repet1t1ons, and 

improved their push-up performance by 0.2 repetitions. These results show that the test sample 

improved their musculoskeletal fitness as measured by these tests. 

Key words: grappling, martial arts, cardiovascular1 children, adults 

INTRODUCTION 
Judo is a system of self-defense, 

and can take many forms. As a grappling 

sport like wrestling, judo requires a high 

level of physical fitness although some 

participants have no interest in competing 

in judo tournaments and practice judo 

in a recreational manner. Judo coaches 

believe that this activity offers an excellent 

systematic method for improving physical 

fitness. Judo is even recommended as an 

activity for developing fitness for other 

sports (Richards 1982) although our review 

of pertinent literature yielded only one study 

showing how judo affects child participants. 

Amtmann et al. (2004) studied the 

effects of a judo class on average heart rates 

on six children and 15 adults and concluded 

that bcginningjudo classes effectively 

elevated heart rates to a level that can 

improve overall health and fitness. They also 

recommended further study to determine 

changes in musculoskeletal fitness. 

The research question guiding this study 

was, 'What kinds of musculoskeletal fitness 

changes will occur during a 7-weekjudo 

camp?' The 18 children in the experimental 

group averaged 8 years of age, and we used a 

first grade class at a local elementary school 

as a comparison group. We used the case study 

format to describe the results of this study 

because the assumption of meeting the central 

limit theorem was not met. 

A comprehensive literature review 

yielded no studies on musculoskelctal fitness 

effects from judo. Max V0
2 

as influenced

by cardio-respiratory fitness is the amount 

of oxygen that can be utilized by the body. 

Cipriano ( 1993) measured max V0
2 

of

elite wrestlers and reported values between 

60 and 70 mlkg· 1min- 1
. Horsw1II (2000) 

reported a range of 50-62 mlkg- 1m111· 1 for 

scholastic age to Olympic level '"rcstlcrs. 

Grappling sports also require a high degree 

of musculoskeletal fitness. Those athletes 

whose cardiovascular and musculoskeletal 

systems perform efficiently have a clear 

advantage. 

Combat sport , includingjudo, 

wrc tling, boxing, and karate, arc physically 

demanding, and developing overall physical 

fitness clearly is a prcrcqui ·ite for successful 
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I

participation in thes e sports. Mos t of 
the 

research in this area has focused on sp
o
rt­

specific requirements , p hysio log
i

cal effec
t
s 

of train
i
ng metho ds, an d physio logi

cal 
profiles of h i gh-level athletes rather than child 

participan ts .  Our stu dy so u ght the answe
r 

to this questi
o

n, 'Will improvements 
in 

musculoskcletal fitness occur as a b y
-

prod
u

c
t 

of particip ati ng in a 7-wk ju do ca m
p ? '  

METHODS
Our case stu dy used a quas

­

iexperimen tal none q uivale nt contro l gro
u
p 

des i gn. Eighteen children of ag es 5
-12 

years who participated in a fa ll judo camp at 
Montana Tech of the Univers

i
ty of Monta

n
a 

served as subjects for the test samp
l

e. T
he 

control sample consisted of 
1

2 third grad
e 

students at a local elementar y school 
in 

Butt e, Montan a, all of ages 8-9 y
r

s. The 
university approved all procedure s, and 

each su bje ct and a parent/guardian s i g ned a
n 

informed consent document. All p arti c ipan

t
s 

volunte e red for the pr o ject of which a
l l  

com pleted a physic al activi
t

y readine
ss 

questionnair
e

. 

On the first da y of the cam p, eac
h 

partic ipant com pleted a push -u p  test t
o 

failur e, a pul l-up test to failur e, and a on
e

­

minut e timed si t-up te
s

t with a five
-
minut

e 

rest between tests. Th
i

s same test p
r

ocedu

r
e 

was used on the last da y of the seven wee
k 

cam p . The coaches were instructed to 

maintain normal class procedure s during the 

seven weeks. A ty pic al judo class consist
s 

of the followi ng phases (Dewe y 2003) : 

(I) wam1-up; (2) instruction; (3) drills; (4
) 

randori (fre estyle practice); (5
) 

fitness/judo 

exercises; and (6) coo l -down. 

The duration of each phase varied 

and depended on factors such as age, 
experience, and objectives of participants . 

For a beg inne r class, phase s ma y last from 

5-20 m in, and for a children's class ther
e

's 

considerably more time devoted to games. 

The frequency of the Montana Tech 

Judo Camp sessions were only one day/wk, 

and instructors encouraged child participant

s 
to continue the physica

l 
fitness exercises 

during the rest of the week
. 

Coaches 

instructed the children to perform the sit
-
ups, 

72 Am1ma1111
, 

el al. 

pul
l

-u ps and push-ups, as wel l a s other fitness 
e xercise s 

tw o o
ther days/wk on t

h
eir ow n. 

F
o

ll

o

w
ing 

t

h

e Fall Judo Camp, we 

a
d

min
i
s

te red the push- up te st and , f o llo w ing 

a 5-m

i

n rest ,  a I-m

i

n t

i

med sit-up test t o  th
e 

co n
t

rol s
a

mp
l

e
. T

h

e school did not hav e a 

pull-up ba
r t

o tes t  for pull-ups. Fo llo wing a n

a
dditi o

n
al 

7 w
ee

k
s, 

stu
dents w

e re g i
v

en th
e 

sam
e test. 

RESULT S 
Th

e te s
t 

s
a mple increased avera

g
e 

per
fo

rman
ces in pu

ll
-ups, sit-ups, and 

p
us

h
-u

ps by 0.7, 3.7, and 6.6 rep etition s, 
resp

ec
tively ( T

a
b le 

1 ). The control sample 
dec

r eased th
e

i

r aver a ge sit-up perform ance b
y 

1.3 
r e

p
et

i

t
i

ons, a
n

d 

impro ved the
ir 

ave
r

a ge push-up pe r formance by 0.2 
r
ep e

titi
o ns (T

a
b le 2

)
. 

DISC USSIO N
Al though many judo coaches state th

a
t thei

r art is e

ff

ect

i

ve in improving overall 

p
h

ys
i

ca

l 

fitn ess, a compr e h e n sive literatu r e

search foun

d 

no r
esearch on t his topic as 

i
t 

pe
rt

ain
s 

to musculoskeletal fitness. The 

results sho
w 

t
h

at the c
h

i

ldren involved in t he F
a

ll 

Judo C a mp at Montana Tech impr ove
d 

muscu
l

os
k

elctal fi
t

nes s as measured b
y a I

-m
i n time

d sit-up 
te s t, pull-up test to 

ex
h

aus
ti

on an
d 

pus
h

-
up test to exhaustion

. 

The
se resu

l

ts are mo
r e  

important in light 

of 
th

e m

in i
ma

l 
c

h an
g

e s seen 
b

y 
t

he school 
kid

s

. 

Ho
w

ever, there were limitations in our 

e
x pe

r
i
menta

l de
si g

n 
of which one include

d 
sma

ll 

non-represent
a

t ive sa mples. The a
ge 

range of 
5

-12 w as quite large from which 

subj
e

c t

s 
fr

o
m 

t

h

e t w o groups were not age, 
heig ht 

o
r 

weigh
t 

matched. This possibly 

m
a y h

a
ve 

a
ff

ected 
c h ild

ren 's physiological 
re spo nse to exerc

i

ses t
he

y participated in 

and/or the
i

r pe
r

f
o

rm
a

nc e on tests. Also, we 
did 

not o

bt

ain inf
o

rma ti on on extracurricu
lar a

c
tiv iti

es eac
h 

ch
il

d pa r ticipated in, which 

a
l

so may h
a v

e a
ff

e
c

t
ed 

t heir performance
. 

So, we a c knowl e dge two thr eats to 
int

e
rn

a
l va

lidity. F
irs t, 

the re was a selectio nbia
s 

bec
ause sa

mpl
es were nonpro bab

i l
i

t
y 

convenience 
samples. This selection 

e
ff

ec t 

a
ls o  thre

a
t

e
ns 

t
h

e e
xt

e
rna

l 

v a
li di

t
y

. 

I 

part: .· , .. ,.., •,.. L' ·" !' ,·nqrt-. '--io • nfth~ 

rc,r .. •""\" : .. ( .:: .,...,;1 h ,,.,. 'iv, ;,,-t ,,- ,l'l()r1-

spc-· r.- •71•:, .. , u•r•• rl1y~·,1, 11·r•1I ,•Prr•~ 
ol 1_ • .:. ~ .-.,,h,-,' "C n' }'" ,1, o·ral 

pn,•~·- ·•r= . I, ,,., •11'\l••· .. -11111• .. 'h:'I" :-hil1I 
par:-•~ •• ~ ')u ·1111'•1 ,voht 1'-,: nnsw1•r 

to,•.:, ' T , :,.- '\\ . " • I ""vPmPnt<:. i., 
mu•-.. 1 nn' •nl " I •~ I • • "'' ('llr -~" ;r 1-,v "1r()<'!Urt 

of:- r:-• .. :n ,• ;,_ ; t -\ '< ;,. ,', • •1rnn'I' 

IV 
Ot ,.. ,..~ r .-~ , lu ''-'''' "1 Jll~~-

ic~ _ _ .,.: .. _ .. -♦111 t'"I \r'l l 'lo t,11" lt>rt f"r'\ntrn1 0~011n 

de ·-- Si1' •• • .., ,-i,:r • ., nf•, ''" '-'1 
ye·- .. J, .. .. , ... :,.: .. ,..,ii , t~•I' •• J" ~amn ,\I 

JI.It .... .. '1'; I. , ,. " , • Ir ·. , r,,;itv l'l t ' 1'-t,-.. I.)lla 

scr•r--t • ; . ,i...;, .- r r" hr •••~ • , .... r,,nJ,, 1r" 
co• •- I - 1•-"1" ' 'l"' ,., ,,I r f 1: 11..;,. I 1•~ilr, 

sh • ... . ... , t,., )"t ... 1 "''t"' "\.,,,t"1rv c:,·h,, "' ii 

81 ·- ~,1 •.• , .. 0 11 f ·• r· ~-" "f': Tl·-
ur:. _ .. :h ir_,.,H ,n t-1 ., rnr,,,h -p.; :lncl 

¢a•'- 11.:, • " "' ' ' r,•••n1/•• ,,.rrli,,,, -.ip·wd ,.., 
UI .. _ .,_ I c-......... .o~t ··•c H1'f"'I• nt A 1I -L,n,r •n·,ntt.:. 

,~ , .• · · - - ,~ -) ,,- "rni,> I n(', .. 1,; - ., " II 
er- -' - . • -1-- ;,. ,, • c., .. · 1, rc:i,li--,._._ 

q1 • • : ·-· .. -

0 •', t": • • •, • n(' 1•1- ,.,,ml'\ p:_,rh 

p, - · - .... " <''""'" '" ' ' np,h. -f' 11!-.f t0 

fa .. -~ ' I -,· 11 I; •-:: t t r. ' IT'' 'll"I ~ npc-

111 , •• • •i ,,,.f i• "': •-:· • •vi t f- fr· ~-1111r11tl" 

rl ' '1, • --~~ •:--•·· T' • ··?mP l(.'-.1 l"\rf)C-1•1! .. -e 

w-· ...... , , .. •I· 'a • ,-\ ., "r •· "<'v"n wC'rk 
c:-- T' ,..,....,,,.. 1,,, -· ,,.,~ .. ,~ i1 , tr ,rtPtl •C'-

ir·=· •• ;. "1 " ""'"'' ,1 • ' <' r,rl\f't>rl· r P<; ,i n-1, ti,·• 

or 1 '( ••.. :. u .,,._ --•6'(' (f' ... ,1. rv 1(\(\")\. 

{ • I '"- 11-• f;'' '1 d.,..,,-f, r n • ("' 1..:11 • • {(',\ 

rr-, _: ,. ... ,.,. t.. ..,1"""},..,.; , ,>, ,~, t· .. '""'rc::"'/ _.1,l"' 

c· ..,. __ : ........ ·1 ···· , ,. .., :"'"'•cf urn 

a- .J : _ ,,_ ,, , I C'" (' ' " r•· ,11,-h l'- 101" 

c -- - ~ -!' .. - -- 3""t•' ('i,.. . ,,..,,: , ,,..,,. 4::'f ,:lr' 1 .,.,,H1:lnt~ 

f" 1 t .. ; ,.,,,. •: 1 , ,.., r~ ,.,.._ l"°'''V J-,._1 f•"lm 

~ - - r-: • i,:-·• f •> C'i '' ·pn' rh'-'"' 11- 'rP''" 

c- - : • ·-•1 • r"r•• 1· "" t' •vn1••r t'l 1•·1n1r<. 

-- • f ,, .. '"""" (,1• 1 • ~ 4 '\.nl 'ln:1 , "'C-r 

:· • • (' •-- ~ ..... ; ""' ,,,.,,.,. 0nl· (lnP ( 1•,v/•vy 

t - • i ,..,.. . ... ,--.t ""II- fu'°"'"'-''r"l0•"",' cl-- t J r ~u1i~11nnt~ 

I' C' . ... • ... .. 11 • r' ,.-; ... 1 r• ... p<;<; ('~Prl"'i ,,., 

, .. .. . -- t' :\ r-~c:•♦ r1 ,. " H tt>, ... I r ""lttrl-->.;; 

i ~ • _ ,,. . ... 11 
> r 1 11 ' ·•·r '"' ("'rf-·-n, t 1·' !-1'-11nc;. 

pull-uns and 011,h-uns, as well as other fitness 

cxc,c1sc!' 1WO otl,..:r 11a;.,1wl\ 011 d1r...11 ,,w11. 

1 ol'l)Wtn).? 1hc • al1 J~uu L
0

u111p, we 

atlmi'li~lcrc<.1 1111: .,usn-uo h.:s1 anu, 1u .. ..:>w ,ng 

a 5-fl'lll ri~st, a 1-tnll, 11m~u .,11-up l'-:.• 1v 111<.. 

contro l s.•mn1e. 1 ht• -.cnooI <ml m>• •• iJvr... a 

pull-l""l bar 10 1,.st tor nu11-urn,. rul1uw111e di, 

adw••"n~, / weeks, ,tuot,HS w .. ic i:;1vc.u 1111.. 

same test. 

R ........ ~ II T~ 

1 h'' 1est sam(llc 111C'rcase<.I a, cr.igc 

pcrforn'lanccs 111 nu1o-11os. ,n-up:,, c111u 

pU!>n-1•0s t)y IJ. / \, 1 :mu ,J.,l 1Cpr....11iu1n, 

rcs11ect1vnv, ,·;intt 1 J. · 1 nc r...u11ln .... "'"''l"'­
dc,.reusc<J 11,c,r ,1vcrJgc :-.11-up p1:11u111l<111r...r... 

by I..' r-·pct1t1npc;, ano I .. 101ov1..., .11c11 

ave1 Jl?C OU:,i1•11p pcifom1am . ..: O)' v.L. 

rcpct1l1'11\S I I r1nlr l 1 

v ~--:r11c;:~JON 

A1t1,"11gh "1an) ju,lo coaches state that 
th,·•r ·1rt 1s ell\ rt1v•' ,., ,n1p1u, 111u v,1..1.i.1, 

phv,1c<1.I I itncss. u compren~11sl\ c . i11.:fa1u1.: 

scar r...I1 t•)11 '1t1 no rcsearcn .ln um, lu1>u .. a" 

1t r,crtain., 10 mu,cu1osKc1ct,11 l n11c::,:,. , ,1 ... 

rcsu1tf sl\C'W u1~I rnr cn11on:n 1n,u1,cu 111 ,,,e 
F?'I 1l11Jc, l n111n at Mnmanu t cc11 1111111 v._,J 

musculO'ikl'1era1 ,iinc,s as n11.:a<.1.11i..:u u .. 

a I •!TIii'' 11rneo '-ll-Up lCSt. 11u11-up lC!'ol lv 

cxht"JSllf'O anll nusn-.,p lC.,. lll CA. .. <1u:,,iu1l. 

Th"<;C result-; arc .. ,ore 1,.1pur(a11l 111 111.:,11 

ol ,..,,. mtl'tl'1a1 rnllngcs sec .. uv \11c :-.C.1 _v 1 

k.,◄, 

1-i"wcvcr. th••rc were limitations in our 
c,ocnmcntal ,J,•,wn 01 \\ nil:n unc 111L1UJ1..v 

\ma,1 '10n-rcprc,en .. nivc t-a111pk,. f ,,1;; "er.... 

ranee 0 1 '1-1 ~ ,'1as qu11c ia,ge 1,0111 ,.,,,.,.;., 

sub••·ct,; Jrr.m 1h•• t\\v group., wc1L ,1u1 "e"'• 
h"11~n1 or weight matcn ... J. , ,11s pt,:.s,u, v 

mnv o<>,·e att,'...tcd cn11nrc11·s p11, .,u,ug,_aJ 

rcsnunse to c,crcI-:cs m1·y pa,t.~1~a1cu .. , 

antI ••r ttwp· ncnom1ancc v i, tC:,1:, .. \1::,v. wC 

c"• not ot"•a11, 1'll""ITI3tl011 on CA.ll.iLUI 11.:u, ... r 

act" t't"S eacll c111111 pamcina1eu 111, w111L,1 

al,;o mav pq\C aI11>ccLJ mer, pct 1011,1,111Lr..... 

~'>. we ac..-110\\,ICll•~c 1wo .n11.dl::. 1v 

t"ltr.mal va11111t\. i--1rs1 ... ,ere was a :.dcclion 

r·1s tu·causc sa1npIcs were no11p,ouuu11 .. .> 

convcn1•~ncc sumt,,es. 1 m., sc1c--.1u11 
cJl•!CI ul-;o t1>rca1c,,, rnc e ,x11:m.i1 \J11dity. 



Table 1. Test sample performance results. 

Subject Sit-up 1 Sit-up 2 Pull-up 1 

1 19 18 

2 29 38 

3 16 17 

4 27 34 

5 23 29 

6 28 36 

7 32 34 

8 29 35 

9 41 46 

10 37 32 

11 44 46 

12 30 36 

13 29 37 

14 23 30 

15 23 27 

16 28 24 

17 15 21 

18 40 43 

Average 28.5 32.4 

The second included a maturation threat 
because, as mentioned earlier, we did not 
match samples by specific developmental or 
growth stage. 

At the time of the study, we were 
unaware that the elementary school where 
the school kids ( control group) were tested 
did not have a pull-up bar. We could have 
done a pull up test outside, but weather did 
not favor doing so. Also, we were unable to 
quantify exactly how many days each week 
the judo kids exercised outside of judo class 
although judo coaches encouraged the test 
sample to continue their exercises two other 
days each week. 

Motivation is an important factor in 
tests to exhaustion. Some children are 
naturally more competitive than others 
and have the inner desire to do their best, 
whereas others are more complacent in 
their approach to this kind of testing. As a 
result, subjects in both groups could have 
done better or worse based on individual 
personalities. 

Studies show that American children are 
becoming increasingly overweight, which 
may lead to chronic lifestyle diseases at an 
accelerated pace (Strauss and Pol lack 2001, 
Troiano and Flegal 1998). Children should 
be encouraged to participate in a variety 
of activities that exercise all major muscle 

0 

4 

0 

0 

1 

0 

4 

1 

5 

4 

1 

0 

5 

0 

0 

1 

0 

5 

1.7 

Pull-up 2 Push-up 1 Push-up 2 

0 14 16 

5 30 14 

0 14 21 

0 1 3 

2 6 23 

1 1 13 

5 24 40 

3 2 17 

7 22 23 

8 18 30 

1 16 20 

0 2 7 

5 19 30 

0 19 21 

0 3 10 

1 8 18 

0 0 3 

7 12 21 

2.5 11.7 18.3 

groups. Identifying activities such as judo 
that are healthy although somewhat non­
traditional arc important because they may 
in part offer a solution for many Amcncan 
adults and children. 

According to the American College of 
Sports Medicine (2000:220), benefits for 
children participating in regular physical 
activity arc great, and include (I) greater 
strength and endurance, (2) enhanced 
bone formation, (3) weight management, 
(4) reduced anxiety and stress, (5)
improved self-esteem and self-efficacy,
(6) minimization of heart disease risk
factors, (7) fun and/or enjoyment, (8) social
interaction, and (9) skill development.

This project also raised the question 
of whether school physical education 
courses effectively provide opportunities 
for children to improve physical fitness. 
Reputable organizations recommend daily 
physical education classes at each grade 
level (American College of Sports Medicine 
2000, United States Department of Health 
and Human Services 2005). Our control 
sample attended physical education classes 
twice weekly, and other students only have 
physical education once/week. This is a 
common situation throughout the country 
according to the at1onal Association for 
Sport and Physical Education's (200 I) most 

Case Study of a Children '.5 Judo Class Muscu/oske/eJa/ Funers Ownge 7 3 



Table 2. Control sample perfonnance results.

Subject Sit-up 1 Sit-up 2 

1 0 0 

2 44 39 

3 19 20 

4 40 39 

5 43 42 

6 27 22 

7 33 33 

8 42 41 

9 36 36 

10 18 14 

11 32 35 

12 36 33 

Average 30.8 29.5 

recent survey. Only Illinois among all states 

mandates daily physical education for all 

grades K-12. 

Some teachers and administrators fear 

that a daily physical education requirement 

will reduce time allowed for more important 

academic activities. The Accountability 

clause of the No Child Left Behind Act 

signed into action in January of 2002 

requires schools to demonstrate adequate 

yearly progress, which might perpetuate a 

desire of educators to sacrifice time devoted 

to physical education. Based on achievement 

tests, however, Sal ]is et al ( 1999) reported 

that students in a health-related physical 

education program did as well academically 

as students who spent half as much time 

each week in physical education. Further 

research should focus on changes in fitness 

over greater periods of time and changes in 

musculoskeletal fitness from one judo camp 

to the next. 

PRACTICAL APPLICATIONS 
Although this is a descriptive study, and 

no causal relationships can be derived, our 

results imply that judo can be an effective 

method for improving musculoskeletal 

fitness. However, benefits that may be 

derived from training with a judo club, or 

any athletic club for that matter, may vary 

depending on a variety of factors, including 

but not limited to overall mission of the club 

and coaching quality. 

7 4 Amtmann, el al. 

Push-up 1 Push-up 2 

2 1 

4 2 

3 5 

30 33 

18 15 

3 2 

12 13 

7 10 

8 6 

10 10 

5 5 

10 12 

9.3 9.5 

ACKNOWLEDGMENTS 
The authors would like to thank Mrs. 

McWhorter and her third grade class! 

LITERATURE CITED 

American College of Sports Medicine. 

2000. ACSM's Guidelines for Exercise 

Testing and Prescription. Sixth Edition. 

Franklin, B., Editor. Philadelphia, 

Pennsylvania: Lippincott, Williams and 

Wilkins. 

Amtmann, J., S. Berry, and W. Spath. 2004. 

Effects of a Beginning Judo Class on 

Heart Rate. lntennountain Journal of 

Sciences 10:20-24. 

Cipriano, N. 1993. Technical-tactical 

Analysis of Free-style Wrestling. Journal 

of Strength and Conditioning Research 

7:133-140. 

Dewey, C. 2003. Coach Education 

Manual: Level Ill. United States Judo 

Association, Colorado Sp1ings, CO. 

Horswill, C. 2000. Physiology of Wrestling. 

Pp. 955-964 in W. Garret and D. 

Kirkendall, Editors. Exercise and Sport 

Science. 

National Association for Sport and Physical 

Education. 2001. Shape of the Nation 

Report, http://www.aahperd.org/naspe/ 

pdf_files/shape _ nation.pdf. 

Ogasawara, N. 1988. Textbook of Judo. 

Kokushi Dojo, Inc., Montvale, NJ. 



Pu lk kinen, W . 2 001. T
h

e p ort Sc

i

en c e 

o f El i te Judo Ath
l

etes: A Re v iew & 

App lication for T rain
i

ng. P
u

lkine
ti

c s

, 

Inc
., Gue

lph, On tario, 
C

an a
d

a. 

R i
ch ar d , 

J
. 1982. Con

di

t
ion

ing fo
r Ju

d

o a nd 

Ju
d

o as a C ondi tione r for Other 
Sports. 

P

p. 32
-

34 
in NSCA Jo

u rn
a l, 

F
e

b-Mar. 

S
all is, J., T. Mc Ke nzie, B. K olo dy, M. 

Lewis, S. Marshal
l

, and P .  Ros e ngar

d

. 

1999. -ffec
t

s of H
ea

lt
h

-R
e

la
t

e
d Ph

y
s

ic

a l  

Educa
t
ion o

n Aca

d

e m
i

c 
Ac

hi

ev e men
t

: 

P roject Spark. R e search Quart e
rl

y 
in 

E
x

er
c

is
e 

and 
S

port 
70

: 
12

7
-234

. 

Str au ss, R., and H. 
P
o

ll
ac

k
. 2001. E

p
i d

e m
ic 

incre
a

se in childhood overw
ei ght , I 98

6

-

1998. Journa l of th e Amer
i

can 
M

e
dical 

A
ss o

c
i

a
t

i

on 
286

:
2 84 5-2848

. 

Received 6 Sep
temb

e
r 2005 

Acc
ept ed 2 3  Decembe

r 
200

5 

Troiano, P. ,  and K. Flegal . 1998. Overweight 

children and adolescents: descn pt1o n, 

epidemiolo
gy, and demog r aphics. 

Pediatrics 

I

O I :497- 505 . 

United States De partment of Health and 

Human Services. 2005. Physica
l 

act1\ity 

and health
: 

adolescents and young 

adults. Centers for Disease ontrol 

and Prevention, ationa
l 

Cente
r 

for 

Chronic Disea-,e Prevention and Health 

Promotion. Internet Avatlable: http:/
/ 

www
.

cdc. gov /nccdphp/sg r adoles. htm . 

Date of Download: A p n
l 

15 

( ase Stu
d � of a 

Children's Ju do Cla H : Mu cu/oskelet a/ f"ltne. s Chan
ges 

7 5  

I 
I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

Pulkkinen, \\ , 20<1 l . I he f>l">r1 '-ciencc 
u, r1111. .1111lo 1,mh.:1c,: / , t< <.: ,1•.:,, ,, 

r ,11p11c.at1011 ,~,r I rair11n:! . l'•JIL 'lk lt,; 

111~., \.1uc 11,n I lllla ll(l, C '111,tct I. 

Rich.11<.1,. J. I 1>S '2 <' nndi1ioni•11.! f~,r J,111•11111,1 

JllUII {.-. ll \. llOlllllOllCI fur ( lqlt>f ~'lurt-.. 

I 11 .• L-; ,1 Ill l'IM " Jn11mal I •·I•- "' 1r. 

\a Ila,, J .. I . l\k Krnzi,:, I\ t.: qf.,l'" • 

, 1:,,..,, , ,1a rso, 111 Jilli t' l<fl!.1:nl!:tfll 
I·, ·,-,, , 11-:c.-.. 111," :-ttlt•- f< ,.t 1lc 1• I •" sw,11 
I lHl\.Ulhlll (lit /\l\ Hll' flHI ' ,'\,•f\11'\ CIJICIII . 

, ,~'- ,n, ·, K c.. rcti \. •11,1ncrl• ,,, 
I ,1.:1'-1,c ,1 .. u :"\non 111 I ~i-! 1..i 

Str.,u...-.. R .. ,ind II. Pnll ,,d. ::!llllt En1e h n1r 
1111.11:.i,1.: 111 cn1111hnoo ll\l!f\\Cll' h' 111w,_ 
I ·r,n JllllllWI 011n1• ,.\111crwnn ,1,,(1,.•al 

'\,,v1.1a111111 .!1,w..:~~"·.!, :J-' 

R,•c e1n!d t; ."i"ememh,•r ]f/f/(j 
l u t"jJtt·u J., 1i.. .. c11111, 1· ~ 1111, 

.. " r • ,...,.. . r r · , 1 

f•1·;t , .... ,, pu,• f•'' , I --~1•, ... , I ••• " r•, • -

c-n1 1 ,n , "'' , c, ,n,' { •~ ~rw--1 r-

p ,1•'11..-~ ]l' l •t""" ~,.~ 

.. nr r· 
11•1 v,1 "' ,rirnt ,u• ' ) ,.. ..... .,. 

( Ill f'- f ... ... C<"-' 
"'' r f 

\\'-''-' 11•~ 11n\ r ,a , I • " 1" 

I' I (' q i ' " "nl,,o,1 I , ,.,1 I 'i 

'sJ I,( a M ,. 
75 



ABSTRACTS 

BIOLOGICAL SCIENCES -AQUATIC 

ABSTRACTS OF THE 2005 ANNUAL MEETING OF THE MONTANA 
CHAPTER OF THE AMERICAN FISHERIES SOCIETY 

Kate Walker, President, Montana Chapter AFS 

INTRODUCTION 
The Montana Chapter of the American Fisheries Society is an organization of 

professional fisheries scientists and students from agencies, universities, and the private 
sector across Montana. Our objectives are: conservation, development and wise utilization 
of Montana's fisheries; promotion of educational, scientific and technological development; 
advancement of fisheries science and practice; and exchange and dissemination of knowledge 
about fish, fisheries and related subjects. 

Our chapter is growing! 

We had over 275 professionals attend our session this year! 
• First, over 50 people attended the continuing education workshop Aquatic

Nuisance Species: Identification, Status and Management. The workshop
was an impressive mix of specialists in pathogens, plants and fish. The
information was a blend of lecture and hands on-with very positive
feedback from the attendees. The demand for the class was greater than what
we could accommodate, a sure sign that this issue is of great interest to our
professionals in Montana.

• Next, we had the pleasure of a thought provoking presentation by Dr.
Bruce Rieman to kick off our meeting. Titled: Practical Solutions in Fish
Conservation: A Reflection and Revision, Dr. Rieman challenged us all to
rethink some of the assumptions we make as biologists, and to continue to
look at the information and allow our hypotheses to change as the information
bases develop.

• Keep an open mind-continue to learn and adapt!
• The meeting then continued with IO sessions packed with amazing

presentations on the practical approaches to addressing the needs of inland
fisheries. 1 am continually awed by the caliber of professionals working in the
state of Montana. We are incredibly fortunate to have these folks working on
issues in the state!

The Montana Chapter of the American Fisheries Society offers the abstracts of its 2005 
Annual Meeting to the readers of the lntermountain Journal of Sciences in the spirit of 

Title footnote indicates organization, location and date presentation was made:
AIJ 

rws 
Montana Chapter of the American Fisheries Society Annual Meeting, Missoula, MT, February 8-11, 2005
Montana Chapter of the Wildlife Society Annual Meeting, Helena, MT, March 1-3, 2005
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exchanging ideas and information regarding the aquatic sciences. Many of these ab. tracts 

reference ongoing research and management projects, and may include data that are not 

comprehensive or fully analyzed. Thus, these abstracts should not be cited in other works 

without permission of the author(s), whose contact information is provided. We hope that 

you enjoy our proceedings, and urge readers to attend and participate in our next meeting to 

be held in conjunction with the Western Division AFS meeting on May 15-18, 2006 in 

Bozeman, Montana. 

BARRIERS To PREVENT NoN-NATIVE F1sH MovEMENT: A REvrnwAFS 

Peter J. Brown and Alexander V. Zale, Montana Cooperative Fishery Research Unit, 30 I Lewis I lall, 
Montana State University, Bozeman, MT 59717, pbrown(aimontana.cdu 

Barriers to non-native fish movement are important tools in the conservation of native 

fish species. Natural and manmade barriers provide protection to some of the last populations 

of native fish, and barriers are frequently used to help restore a species to a larger portwn 

of its native range. We surveyed barriers being used to prevent non-native fish movement 

in an effort to make a wide variety of barrier designs available to managers and researchers. 

Barrier design, longevity, cost, and functionality vary, and there is some indication that 

those designing barriers lack the information necessary to build the best barrier to meet 

their management needs. A wide variety of materials are used to build barriers and each has 

associated advantages and disadvantages. We review the major types of barrier construction, 

as well as noteworthy innovative designs, and discuss the advantages and disadvantages of 

each. The falls barrier was found to be the most common type of barrier currently used to 

exclude non-native fish. Results of this survey have provided an array of barrier designs and 

have helped to highlight gaps in the knowledge base necessary to construct effective bamers. 

Other types of barriers included mesh, perched culverts and velocity barriers. Knowledge gaps 

in the design of barriers include, the jumping performance of wild fish, proper barrier siting, 

and barrier designs that can accommodate both high and low discharges. A comprehensive 

manual on barrier design and an understanding of the jumping ability of wild fish are 

necessary before barrier designers can be expected to consistently build effective barriers. 

focused on species of special concern, non-native species introductions, impacts of fire on fish 

and aquatic ecosystems, and hydroelectric development. 

BASIS OF DESIGN FOR A FISH BARRIER IN GERMAN GULCH NEAR 
N A ACONDA, MONTANA AFS 

Dale E. Miller, CPESC, Mainstream Restoration, Inc., P.O. Box 1723, Bozeman, MT 59771-1723, 
dmiller@mainstreamrestoration.com 

German Gulch supports a population of genetically pure westslope cutthroat trout, 

physically isolated from rainbow trout due to historic mining activities near Butte, Montana. 

The ongoing restoration of Silver Bow Creek, into which German Gulch flows, will 

eventually reconnect these populations. This project involved the de\clopment of design 

criteria and the design of a fish barrier. Design criteria included conditions that would prevent 

fish from swimming or leaping over the barrier. Due to a lack of published data on rainbow 

trout, the swimming and leaping capabilities for pink and chum salmon were used. The 

barrier design consisted of rock configured to create a weir and downstream apron in a reach 

of channel confined by generally vertical exposed bedrock. A hydraulic model of a stylized 
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banier was used to determine water velocities and depths, and the location and configuration 
of the hydraulic jump. Four different banier heights were evaluated ( 4 to 7 ft). A 6-ft high 
structure was selected as it satisfied the swim and leap criteria at the 2-year through 100-yr 
flows. As swimming over the structure at lower flows was also a consideration, the model was 
run at flows of 10 cfs (considered baseflow), 20 cfs, 40 cfs and 80 cfs. While water velocities 
at these lower flows did not satisfy the swim impedance criterion, shallow water and a 
compound weir surface probably would nonetheless limit fish passage at low flows. 

EFFICACY OF FISH SCREENS ON IRRIGATION DIVERSION CANALS AT 
SKALKAHO CREEK, MONTANAAFS 

Steve Gale and Al Zale, Montana Cooperative Fishery Researc h Unit, 301 Lewis Hall, Montana State 
University, Bozeman, MT 59717, sgale@montana.edu 

Tom McMahon, Department of Ecology, Montana State University, Bozeman, MT 59717 

Chris Clancy, Montana Department of Fish, Wildlife, and Parks, 316 North 3rd Street, Hamilton, MT 59840 

Post-spawn adult and downstream migrant juvenile westslope cutthroat trout are 
entrained, become trapped, and die in the seven inigation canals on Skalkaho Creek, a 
tributary of the Bitterroot River. We quantified entrainment rates into the canals using 
telemetry and trapping before (2003) and after (2004) installation of fish screens at three 
of the canals (High line, Ward, and Hughes). No telemetered adults were entrained in 
2003, because most were residents and did not migrate past the canals. Fifteen telemetered 
adults were entrained in 2004; three were entrained, bypassed, and entrained again further 
downstream. Nine telemetered adults were entrained at screened canals and all nine were 
successfully bypassed. Five telemetered age- I juveniles were entrained at the Highline ditch in 
2003; three were entrained there in 2004, but only one was bypassed. We estimated that 33,722 
age-0 westslope cutthroat trout (95% CI, 12,044-161, 799) moved downstream from 16 July 
to 20 September in 2003; 8964 (95% CI, 2840-72,141) or about 27 percent were entrained at 
the Highline ditch. In 2004 all three screens bypassed 7840 fish of which 6041 were westslope 
cutthroat trout. Fish screens effectively precluded entrainment and effectively bypassed adult, 
age- I juvenile, and age-0 westslope cutthroat trout. Fish screens offer an effective management 
tool to eliminate entrainment of westslope cutthroat trout at Skalkaho Creek. 

STREAM SIMULATION CULVERT DESIGN AND INSTALLATION ON THE 
CLEARWATER NATIONAL FORESTAFS 

Anne Hall Connor, Clearwater National Forest, USDA Forest Service, 12730 Highway 12, Orofino, ID 
83544, aconnor@fs.fed.us 

The Clearwater National Forest, in partnership with the Nez Perce Tribe, has been 
identifying and replacing culverts that are migration baniers to fish and other aquatic 
species. We have embraced the concept of designing replacement structures to mimic stream 
conditions. Since 2000, in we have replaced 23 banier culverts and opened 64 mi of habitat to 
steel head, bull trout, chinook salmon, and westslope cutthroat trout. The majority (83%) of the 
replacement structures have been embedded pipe arches. A pipe arch can be a cost effective 
alternative for stream simulation for streams with a bankfull width of less than approximately 
12 ft and with fill depths of less than approximately 20 ft. The drawback may be difficulty in 
holding substrate in the culvert for the full length of the culvert to the desired depth. 
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REMOVING ROADS To RESTORE WATERSHEDS O THE CLEARWATER 

NATIO AL FOREST A NEZ PERCE TRIBE-CLEARWATER NATIO AL 

FOREST PART ERSHIPAFS 

Rebecca A. Lloyd, Nez Perce Tribe, Department of Fisheries and Resource Management, 

Powell Ranger Station, Highway 12, Lolo, MT 59847, rebecca lloyd�hotmail.com 

Over the last eight years, the Nez Perce Tribe and the Clearwater National Forest have 

worked in partnership to protect and restore watersheds. Restoration projects follow aquatic 

resource priorities. The Lochsa River Drainage, an important fishery, has been a focal point 

for restoration projects, especially road removal. The Lochsa River and ,ts tributaries provide 

critical habitat to populations of spring chi nook salmon, E A listed nake River steel head, 

ESA listed bull trout, westslope cutthroat trout, and rainbow trout. In addition to providing 

critical fisheries habitat, the Lochsa has been an important part of the learwater National 

Forest's timber production program. Among the legacies of intensive timber harvest are 

roads. Over the last 50 yrs, management priorities and harvest systems changed, leaving 

many of the roads in the Lochsa redundant to management needs. These abandoned roads 

on the steep, failure prone slopes of the Lochsa have proved deleterious to aquatic resources. 

The Nez Perce Tribe and Clearwater National Forest have successfully removed over 400 

mi of failing roads. Over the years we have learned many lessons about how to effectively 

implement road removal projects (road removal is referred to as road decommissioning and/or 

road obliteration) to restore watershed function and protect aquatic resources. Successful 

road removal projects involve multiple steps including planning, public outreach, mappmg, 

earthwork, erosion control, and monitoring. 

ASSESSMENT OF ROAD DECOMMISSIONING ON STREAM HABITAT IN
THE FLATHEAD NATIONAL FoRESP Fs 

Magnus McCaffery and Lisa Eby, Wildlife Biology Program, University of Montana, Missoula, MT 

59812, magnus.mccaffery@umontana.edu 

Adam Switalski, Wildlands CPR, P.O. Box 7516, Missoula, MT 59807 

The Flathead National Forest has almost 4000 miles of roads and a mandate to 

decommission nearly a quarter of the road infrastructure for grizzly bear security. In addition 

to this area being valuable for grizzlies, it is important for bull trout and westslope cutthroat 

trout. Although there arc multiple studies demonstrating negative impacts of roads on fish 

populations (including bull trout), there is relatively little research examining which tech111que 

( e.g., gating, berming and revegetating) and what degree of decommissioning is necessary 

to improve stream habitat. The Flathead National Forest has decommissioned over 300 mi 

of roads, but has few watersheds where the entire area was decommissioned. We sampled 12 

streams in the Hungry Horse and Spotted Bear Ranger Districts with four different watershed 

types (I) wilderness, (2) roads in use, (3) exclusively decommissioned roads, and (4) a mix of 

decommissioning (gated, decommissioned spurs, very little road use). Our goal was to address 

two questions. First, do forest roads have measurable impacts on stream habitat in our 

study site? If so, do streams with watersheds containing decommissioned roads demonstrate 

recovery and how important is decommissioning at the watershed scale? We performed 

habitat surveys, Wolman pebble counts, visual embeddedne s estimate<;, and substrate coring 

in the summer and fall of 2004. There was high variability across streams regardless of 
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treatment. We found no differences in habitat measures (temperature, pool size and number, 

and LWD) between treatments, but there were differences in sedimentation. 

FIRE SUPPRESSION AND PosT-FIRE REHABILITATION ON THE 
BITTERROOT NATIONAL FOREST-WHAT Drn AND DIDN'T WoRK 
FoR AQUATics-us 

Michael Jakober, Bitterroot National Forest, West Fork Ranger District, USDA Forest Service 

6735 West Fork Road, Darby, MT 59829, mjakober@fs.fed.us 

Robert Brassfield,Bitterroot National Forest, Stevensville Ranger District, USDA Forest Service, 
88 Main St., Stevensville, MT 59870 

Over 320,000 ac of the Bitterroot National Forest burned in 2000 and 2003. Resource 
advisors monitored protection of aquatic resources during suppression and post-fire 
rehabilitation activities. Forest fisheries biologists, hydrologists, and other specialists served 
as resource advisors and worked closely with the fire and burned area emergency recovery 
teams. During suppression, resource advisors provided guidance to fire leadership, monitored 
compliance with standards, communicated their findings to the fire teams, and developed 
rehabilitation plans. Following suppression, resource advisors supervised the re-contouring 
of dozer lines ( 165 mi) and contour felling ( 1000 ac). Biologists and hydrologists were 
instrumental in the replacement of fish barrier culverts (21) and road obliteration (35 mi). The 
most effective post-fire rehabilitation actions for aquatic resources were replacing fish culvert 
barriers, upgrading undersized culverts, obliterating roads, and re-contouring dozer lines. 
Effectiveness of other actions such as contour felling, aerial seeding, and straw mulching 
was limited. During fire, biologists and hydrologists are most effective in protecting aquatic 
resources if they participate at several levels. Ideally, they should be involved in development 
of resource protection standards, know the inner working of the fire bureaucracy, be in the 
field near equipment and crews during the operational period, and stay with the same fire until 
rehabilitation is finished. This level of participation provides consistency to limit damage 
during suppression, irreplaceable knowledge of the site, and efficient follow through on 
complex rehabilitation plans. 

COMPARISON AND UsE OF STREAMBANK ALTERATION AssESSMENT 
METHODS-US 

Rick Henderson and Jeremiah Heitke, USDA Forest Service, 860 N 1200 E, Logan, UT 84321 
rhenderson0 1 @fs.fed.us 

The potential impacts of livestock grazing on streambanks and riparian areas have 
received considerable attention in recent years. The percent of the streambank trampled 
is one tool used by range managers as a "trigger" to determine when livestock should be 
moved. Over the last two years the USDA Forest Service has been developing a standardized 
sampling method for Region 1. As part of this process, we have compared different 
streambank alteration assessment methods used on federal lands in the Western U.S. Our 
objectives were to 1) define observer variability for each method, 2) determine whether the 
methods yield similar estimates, and 3) determine importance of training and 4) discuss 
recommendations for improving methods. We summarize the results from these studies, 
implications for using alteration as a grazing management tool, and current Forest Service 
direction for sampling alteration. 
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barrier was used to determine water velocities and depths, and the location and configuration 
of the hydraulic jump. Four different barrier heights were evaluated (4 to 7 ft). A 6-ft high 
structure was selected as it satisfied the swim and leap criteria at the 2-year through I 00-yr 
flows. As swimming over the structure at lower flows was also a consideration, the model was 
run at flows of IO cfs (considered baseflow), 20 cfs, 40 cfs and 80 cfs. While water velocities 
at these lower flows did not satisfy the swim impedance criterion, shallow water and a 
compound weir surface probably would nonetheless limit fish passage at low flows. 

EFFICACY OF FISH SCREENS ON IRRIGATION DIVERSION CANALS AT 
SKALKAHO CREEK, MoNTANAAFs 

Steve Gale and Al Zale, Montana Cooperative Fishery Research Unit, 301 Lewis Hall, Montana State 
University, Bozeman, MT 59717, sgale@montana.edu 

Tom McMahon, Department of Ecology, Montana State University, Bozeman, MT 59717 

Chris Clancy, Montana Department of Fish, Wildlife, and Parks, 316 North 3rd Street, Hamilton, MT 59840 

Post-spawn adult and downstream migrant juvenile westslope cutthroat trout are 
entrained, become trapped, and die in the seven irrigation canals on Skalkaho Creek, a 
tributary of the Bitterroot River. We quantified entrainment rates into the canals using 
telemetry and trapping before (2003) and after (2004) installation of fish screens at three 
of the canals (Highline, Ward, and Hughes). No telemetered adults were entrained in 
2003, because most were residents and did not migrate past the canals. Fifteen telemetered 
adults were entrained in 2004; three were entrained, bypassed, and entrained again further 
downstream. Nine telemetered adults were entrained at screened canals and all nine were 
successfully bypassed. Five telemetered age- I juveniles were entrained at the Highline ditch in 
2003; three were entrained there in 2004, but only one was bypassed. We estimated that 33,722 
age-0 westslope cutthroat trout (95% Cl, 12,044-161,799) moved downstream from 16 July 
to 20 September in 2003; 8964 (95% Cl, 2840-72,141) or about 27 percent were entrained at 
the Highline ditch. In 2004 all three screens bypassed 7840 fish of which 6041 were westslope 
cutthroat trout. Fish screens effectively precluded entrainment and effectively bypassed adult, 
age-1 juvenile, and age-0 westslope cutthroat trout. Fish screens offer an effective management 
tool to eliminate entrainment of westslope cutthroat trout at Skalkaho Creek. 

STREAM SIMULATION CULVERT DESIGN AND INSTALLATION ON THE 
CLEARWATER NATIONAL FORESPFS 

Anne Hall Connor, Clearwater National Forest, USDA Forest Service, 12730 Highway 12, Orofino, ID 
83544, aconnor@fs.fed.us 

The Clearwater National Forest, in partnership with the Nez Perce Tribe, has been 
identifying and replacing culverts that are migration barriers to fish and other aquatic 
species. We have embraced the concept of designing replacement structures to mimic stream 
conditions. Since 2000, in we have replaced 23 barrier culverts and opened 64 mi of habitat to 
steelhead, bull trout, chinook salmon, and westslope cutthroat trout. The majority (83%) of the 
replacement structures have been embedded pipe arches. A pipe arch can be a cost effective 
alternative for stream simulation for streams with a bankfull width of less than approximately 
12 ft and with fill depths of less than approximately 20 ft. The drawback may be difficulty in 
holding substrate in the culvert for the full length of the culvert to the desired depth. 
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CHALLENGES IN DEVELOPINGAND IMPLEMENTlNG ECOLOGICAL 
STANDAROS FOR AQUATIC RESTORATION PROJECTS: A PRACTITIONER 

VIEWAFS 

Scott Gillilan, Gillilan Associates, Inc., 205 Haggerty Lane, Suite 170, Bozeman, MT 597 I 5, 

scott@gairesources.com 

While the stated or implied goal of most aquatic restoration projects is to be ecologically 

effective, many in the restoration community question if these goals arc being consistently 

achieved. In response, some in the academic community have proposed the establishment of 

ecological standards to evaluate projects. In this presentation, these standards are introduced 

and placed in context to the subset of restoration projects that principally involve the alteration 

of existing channel geomorphology. From the lessons of practice it is argued that a number of 

cultural and institutional factors impede ecologically effective restoration including (I) misuse 

of the term "restoration," (2) failure to create sound, ecologically-based guiding images at 

project inception and the related phenomenon of image drift, (3) a lack of' risk tolerance leading 

to unnatural project hardening, (4) practitioner/sponsor inexperience and inflexibility, and (5) 

lack of commitment to monitoring. It is also suggested that more interaction needs to take place 

between practitioners and the academic community so that the lessons of practice are 

communicated and integrated into the emerging science of restoration. Although this interaction 

will advance the common goal of implementing more ecologically effective projects, it is noted 

that project participants outside the scientific community must also appreciate the challenges a 

project faces meeting higher standards. These challenges arc not insignificant and include 

convincing project sponsors, practitioners and regulators of the need for standards in project 

generation, implementation, and monitoring on a project-by­project basis. 

JOCKO RIVER FLOODPLAIN RESTORATION PLANNING USING 
SUITABILIT Y ANALYSISAFS 

Tom P arker, Geum Environmental Consulting, Inc., P.O. Box 1956, 307 State Street, Hamilton, MT 59840, 

tparker@geumconsulting.com 

The Confederated Salish and Kootenai Tribes are restoring the Jocko River watershed, 

located on the Flathead Indian Reservation in western Montana. Restoration efforts focused on 

restoring (I) the watershed for bull trout, and (2) ecological processes impacted along the river 

corridor. To support these efforts, we identified areas with high potential for restoring native 

riparian and wetland plant communities along the lower main-stem Jocko River floodplain 

using a suitability analysis approach. This analysis used a GIS system to combine variables 

(layers) according to a set of decision rules to ultimately determine restoration categories for 

revegetation potential along the river. Four main geographic variables were used to determine 

suitability classes for native plant community restoration: soil texture in the surface layer; 

hydric soil status, presence of woody vegetation in 1937 and HGM (hydrogeomorphic) cover 

type. These variables were selected as the best available information for predicting restoration 

potential across the entire ecological floodplain area. Fine-resolution topographic data will be 

used as it becomes available, to refine the analysi to include elevation classes relative to 

known hydrologic features. Based on this analysis, three combinations of variables (suitability 

classes) were identified that indicate high restoration potential for restoring native plant 

communities along the Jocko River. This type of analysis 
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is a useful tool that should be incorporated into watershed restoration planning to increase the 

success of restoration efforts of rivers, floodplain, wetlands and ultimately native fisheries. 

AW ATERSHED-BASED APPROACH To RESTORING WETLAND­
RIPARIAN RESOURCES AND BULL TTROUT ON THE FLATHEAD INDIAN 
RESERVATIONAFS 

Craig Barfoot, Les Evarts, and Seth Makepeace, Natural Resources Department, Confederated Salish 

and Kootenai Tribes, Box 278, Pablo, MT 59855, craigb@cskt.org 

The Confederated Salish and Kootenai Tribes (CS&KT) are undertaking a comprehensive 

watershed restoration effort on the Flathead Indian Reservation. In 1998, as part of a legal 

settlement, the Atlantic Richfield Company agreed to pay the CS&KT for mining-related 

damages to treaty-protected resources in the Upper Clark Fork River Basin. Under the terms 

of the settlement, the CS&KT were to replace, restore, and/or acquire the equivalent of the 

injured resources, which included wetland-riparian resources and bull trout. Rather than 

using a piece-meal approach to mitigation, the CS&KT decided to commit to a more holistic 

resource management approach in one focus area, the Jocko Watershed. The basic goal of the 

restoration is to maintain or reestablish natural processes to the greatest degree possible, while 

recognizing limitations imposed by past and ongoing watershed disturbances. The watershed 

restoration process the CS&KT chose involved four key actions: I) assessment to determine 

environmental history and identify restoration potential; 2) protection to identify and maintain 

the best remaining habitats; 3) passive restoration to modify activities that are disturbing or 

preventing recovery; and, 4) active restoration to reestablish functions where the ecosystem 

would otherwise remain degraded indefinitely. In this talk we presented a broad overview of 

the settlement and of the planning and implementation of the watershed restoration effort. 

NATIVE SPECIES HABITAT RESTORATION IN THE UPPER KLAMATH 
BASIN, OREGONAFS 

John M. Muhlfeld, River Design Group, Inc .. 5098 Highway 93 South, Whitefish, MT 59937, 

jmuhlfeld@riverdesigngroup.net 

Aquatic ecosystems in the Upper Klamath Basin have been significantly altered by 

historical and contemporary land use practices. Modified watershed hydrology, riparian 

communities, channel morphology, and aquatic habitat conditions have profoundly impacted 

the native fish community in the Upper Klamath Basin, including bull trout, Lost River 

and shortnose suckers, and Klamath redband trout. Preliminary efforts to restore riparian 

and stream habitats in the Sprague River watershed near Beatty, Oregon, offer promising 

opportunities to rehabilitate considerably degraded aquatic environments. Target project 

streams including multiple spring creeks and the mainstem Sprague and Sycan rivers, were 

prioritized in the Master Plan for the Restoration of the Sycan and Sprague Rivers near 

Beatty, Oregon, a guidance document for focusing restoration efforts in the middle Sprague 

River watershed. River Design Group is collaborating with local agencies and landowners 

to identify and achieve multiple land management and endangered species recovery goals 

through the application of passive and active restoration techniques. Restoration projects 

completed in 2004 included one spring creek and two off-channel pond complexes that 

provide important spawning and rearing habitat for the focus species. Techniques included 

channel reconstruction and passive techniques including artificial beaver dam construction 

for channel grade control. Final restoration design plans were completed in 2004 for a 
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2-mi section of the main Sprague River, which is scheduled for construction in 2005. Once

completed, the reconstructed streams and off-channel habitats are expected to pro\ ide cold

water refugia and improved spawning, rearing, and migratory corridor conditions for the focus

sucker species, Klamath redband trout, and bull trout.

Bu1LD IT AND THE Y W1LL COME: EARLY MoNnoR1Nc REsULTs 
FROM THE NEVADA SPRING CREEK RESTORATION PROJECPfS 

Ron Pierce and Ryen Anderson,, Montana Fish, Wildlife and Parks, 3201 Srurgm Road, Missoula, MT 

59804, rpierce@state.mt.us 

Don Peters, DJP Aquatic Con,;ulting, 4955 East Carlton Creek Road, Florence, MT 59833 

Nevada Spring Creek is a tributary to Nevada Creek, an impaired tributary of the 

Blackfoot River. Nevada Spring Creek has been the focus of several restoration proJects 

from 1990-2004. The goal of restoration work was to restore habitat conditions su1tahle for 

native trout, specifically westslope cutthroat trout and to improve downstream water quality 

and reduce thermal stress in Nevada Creek and the Blackfoot River. Restoration of four 

miles of Nevada Spring Creek took place in several stages, and utilized a variety of methods 

including complete channel reconstruction, instream wood placement, gravel add1t1011, shrub 

plantings, sod mat stacking, and riparian grazing management changes. Pre- and post-project 

monitoring indicates that original project objectives are being met. Temperatures have been 

moderated throughout the entire length of the spring creek ( decreased 10-15 'F) to provide 

the preferred range for trout. Initial fisheries surveys, indicate community shifts in the upper 

and lower portions of the spring creek. Surveys in the upper section, a section previously 

dominated by brown trout, have found continued increased densities of brown trout and early 

signs of increased wests lope cutthroat trout densities. A dramatic community shift was also 

detected in the lower spring creek as species diversity increased from three to six species, and 

a pre-project non-salmonid community shifted completely to an assemblage dominated by 85 

percent salmonids (brown trout, westslope cutthroat and whitefish). In addition, a single bull 

trout was also collected, the first documented bull trout in the evada Creek watershed m the 

last 15 years. 

RAINBOW TROUT AND BRowN TROUT PorULAT10Ns BEFORE AND 
AFTER A STREAM RESTORATION PROJECT ON B1c SPRINc CREEK, 
MoNTANAAFs 

Anne Tews, Montana Fish, Wildlife and Parks, P.O. Box 938, Lewistown, MT 59457, antcwsrclmt.gov 

A high profile stream restoration project was completed on a 2600-ft reach of Big Spnng 

Creek at the Brewery Flats Fishing Access Site from 1998 to 2001. This project replaced an 

entrenched reach with a meandering riffle pool stream channel and floodplain. Stream length 

was increased by 1400 ft. Initial findings indicated the project was successful. The restored 

reach successfully passed a flood event in 2003 and trout numbers appear to have increased. 

Big Spring Creek is a 100-cfs (base flow) trout stream that originates from a 52 F spnng 

south of Lewistown, Montana. Population data were collected with mobile electrofishmg on 

the restored section and two other reaches of Big Spring Creek from 1995 to 2004. Mean 

number of combined rainbow trout and brown trout ( � 10 inches) ranged from 500 to 2200/ 

mi depending on the section. Total trout/mi ( � 10 in) averaged 36 percent higher during the 4 

yrs immediately after the project in the restored section, compared to mcreases of 22 and 0.9 
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percent in the other two sections. The 1400-foot increase in length at Brewery Flats meant 

trout numbers ( � IO inches) in the section increased by 90 percent after restoration. From 

2002 to 2004 Brewery Flats showed a 66-percent increase in trout/mi compared to declines 

of 36 and 23 percent in the other two sections. Small rainbow trout declined to 33 percent of 

the pre-project numbers at Brewery Flats but were 42 percent of the pre-project average at the 

section 3 mi upstream. 

RESPONSES OF YELLOWSTONE CUTTHROAT TROUT POPULATIONS 

IN THE UPPER YELLOWSTONE R1vER To IN-STREAM FLow 

RESTORATIONAFS 

Patrick Byorth, Montana Fish, Wildlife, and Parks, 111 N. 3rd Street, Livingston, MT 59047, 
pbyorth@ycsi.net 

Yellowstone cutthroat trout (YCT) in the upper Yellowstone River rely on quality 

spawning habitat in tributaries for most of their reproduction. For over 20 years, research and 

conservation efforts for this mixed-stock of pure and hybridized YCT focused on restoring 

minimum flows and habitat in spawning tributaries. FWP has leased irrigation water in six 

tributaries of the Yellowstone River since the mid- l 990s. Intermittent monitoring of water 

leases demonstrated localized benefits such as increases in fry production and spawner 

and redd counts, but the efficacy of these efforts relative to the greater Yellowstone River 

population is not clear. YCT population estimates dating back to the 1970s provide a means 

of analyzing population trends relative to limiting factors. Earlier researchers documented 

a relationship between mid-summer streamflows and YCT reproductive success. In the 

Corwin Springs section, age-2 YCT abundance is correlated to mean September flow at the 

Livingston gage. In low flow years, year class strength is weak. However, since water leases 

were implemented, year classes have been strong, even during record drought years. The 

YCT population has been well above long-term median since leases have been in place. In 

the Springdale Section, YCT populations continue to fluctuate around the long-term median. 

The only lease affecting this reach was implemented in 2002, so no response is expected for a 

few years. Apparently water leases and habitat restoration efforts are successfully mitigating a 

primary factor limiting recruitment ofYCT to the Yellowstone River. 

THE CHERRY CREEK NATIVE FISH INTRODUCTION PROJECT: 

SuccESSEs AND PROBLEMS AFTER Two YEARS OF P1sc1crnE 

TREATMENPFS 

Pat Clancey, Montana Fish, Wildlife and Parks, P.O. Box 1336, Ennis, MT 59729, pclancey@mt.gov 

The Cherry Creek Native Fish Introduction Project is a cooperative effort between 

Montana Fish, Wildlife, and Parks, the Gallatin National Forest, and Turner Enterprises, Inc. 

to establish wests lope cutthroat trout in a large (> 50 connected stream mi) tributary of the 

Madison River, as prescribed in the 1999 Memorandum of Understanding and Conservation 

Agreement for Westslope Cutthroat Trout in Montana. The project was initiation in 2003 after 

four years of delay by administrative and legal challenges. In situ bioassays were conducted 

to determine travel time and lethal concentration of Fintrol (i.e., antimycin). To remove 

non-native fish, Fintrol was applied to Cherry Lake ( I 05 ac-ft, 35-ft max depth) from a raft, 

and to 11 mi of stream in two forks of upper Cherry Creek using constant flow stations at 
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specific points along the stream. Backpack sprayers were used to treat shallow lake margin 

and off channel areas. A total of 11.3 gal of Fintrol was used in 2003 and 2004. xposed fish 

succumbed readily to Fintrol, but fish persist in the lake. Gillnets are being used to continue 

removal from the lake. Natural waterfall barriers on each of the forks prevent fish from 

invading treated areas, and an existing irrigation weir was dammed to isolate the next portion 

of the drainage scheduled for treatment in 2005 and 2006. 

SELECTIVE ELECTROFtSHtNC REMOVAL STRATECIEs FoR NoN-

NATIVE BROOK TROUT To F ACtLITATE PERStsTENcE OF NATtVE 

CcTTHROAT TROUPFS 

D. P. Peterson, USDI Fish and Wildlife Service. 110 North Park, Suite 120, Helena, MT 59601,

doug_peterson@fws.gov

K.D. Fausch, Department of Fishery and Wildlife Biology, Colorado State University, Fort Coil ins, ( 0

80523

Inland cutthroat trout presently occupy a fraction of their historic ranges, and existing 

populations are often found as isolates in small headwater streams. Displacement by non­

native brook trout is among the greatest threats to existing populations. Cutthroat trout 

restoration projects often utilize electrofishing to suppress brook trout, but these operations are 

labor intensive and costly. Information on the effectiveness of different removal electrofishing 

scenarios would help managers prioritize restoration efforts given limited resources. To 

address this, we constructed matrix population models for Colorado River cutthroat trout and 

brook trout using demographic data from a field experiment whereby we modeled survival of 

juvenile (ages-0 and -1) cutthroat trout as a function of brook trout density. Population 

responses to brook trout suppression were modeled as a function of electrofishing effort, 

defined by the number of visits over 50 yrs, the temporal distribution of those visits and the 

number of passes per visit. Stochastic simulations suggested an increased probability of 

cutthroat trout persistence with increasing electrofishing effort. However for a given effort 

level, persistence was strongly affected by the temporal distribution of visits. Model scenarios 

with three years of consecutive brook trout suppression repeated at regular intervals provided 

the greatest benefits to cutthroat trout by providing the periodic infusion of a strong cohort into 

the population. Model results may inform managers as they pnoritize efforts to sustain existing 

cutthroat trout populations where complete brook trout eradication and/or isolation of cutthroat 

trout is not feasible. 

CONSERVATION OF WEsTSLOPE CUTTHROAT TROUT Bv REMOVAL OF 

BROOK TROUT Us,Nc ELECTROFIsHtNCAFS 

Bradley B. Shepard, Montana Department of Fish, Wildlife and Parks, Montana Cooperative Fishery 

Research Unit, , 1400 South 19th, Bozeman, MT 59718, bshepard@,montana.edu 

Lee Nelson, Montana Department of Fish, Wildlife and Parks, Townsend, MT 59644 

We evaluated removal and relocation of non-native brook trout from about 14 km of 

stream in Cottonwood, Craver, Muskrat, Spring, and Staubach creeks to conserve sympatric 

populations of native westslope cutthroat trout. We successfully eliminated brook trout from 

treatment reaches in Cottonwood, Muskrat, and Staubach creeks. While we successfully 

suppressed brook trout in Spring and Craver creeks, we were unable to eradicate them due 

to dense riparian vegetation, beaver dams, and abundant woody debri5 in these channels. 
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Eradication cost about $3000-$4000 ($US)/ km. Electrofishing eradication costs were similar 
to estimated costs for two antimycin piscicide treatments, but slightly more than estimated 
costs for two rotenone treatments. However, electrofishing eradication is preferred in 
locations where native fish are in sympatry with non-native fish because more native fish can 
be saved during removal efforts. It took at least six removal treatments of two to three passes/ 
treatment to effectively eliminate brook trout from most treatment reaches. We recommend 
conducting: I) six removal treatments within three years; 2) the first two removal treatments 
prior to spawning by nonnative fish and removing mature adults; 3) one removal treatment 
during spawning and trampling nonnative fish redds; and 4) some removal treatments in the 
late fall or early winter. It is important to realize that smaller, younger nonnative fish (age-
0 and age- I) will be more difficult to capture, so plan on eradicating these fish after adults 
have been eliminated. Our data, and other studies, have shown that native cutthroat trout 
populations will respond positively to removal of nonnative brook trout. This response may 
take two to three years and appears related to elimination of competition and/or predation that 
occurs when cutthroat trout are age-0 to age-1. 

PREDICTING CUTTHROAT TROUT ABUNDANCE IN H1GH-ELEVATION 
STREAMS: REv1s1T1NG A MODEL OF TRANSLOCATION SuccESSAFs 

Michael K. Young, Rocky Mountain Research Station, USDA Forest Service,, 800 East Beckwith 

Avenue, Missoula, MT 59801, mkyoung@fs.fed.us 

Paula M. Guenther-Gloss, The Nature Conservancy, Saratoga, WY 82331 

Ashley D. Ficke, Department of Wildlife and Fishery Biology, Colorado State University, Fort Collins, 

co 80526 

Assessing viability of stream populations of cutthroat trout and identifying streams 
suitable for establishing populations are priorities in the U.S. central Rocky Mountains. We 
reevaluated a model oftranslocation success developed for cutthroat trout by examining the 
relation between electrofishing-based abundance estimates (n = 31) and mean July water 
temperature, pool bankfull width, counts of deep pools, and occupied stream length. The 
preferred model was ✓(population size)= 0.00508 (stream length, in m) + 5.148 (R\ = 0.81; 
P < 0.001). An independently developed model based on visual counts broadly supported this 
finding. Additional habitat coupled with increased habitat complexity may account for the 
abundance-stream length relation because abundance lacked a consistent longitudinal trend 
within streams. Model-derived estimates and prediction intervals imply that many Rocky 
Mountain populations of cutthroat trout fail to meet thresholds associated with reduced risk of 
extinction. We believe that this model can reduce uncertainty about projected population sizes 
when selecting streams for reintroductions of cutthroat trout or evaluating unsampled streams. 

BEHAVIOR AND CHARACTERISTICS OF ANGLERS IN BULL TROUT 
RECOVERY AREAS W1THJN THE UPPER CLARK FORK w ATERSHEDAFS 

Ladd Knotek and Ron Pierce, Montana Fish, Wildlife and Parks, 3201 Spurgin Road, Missoula, MT 

59804, lknotek@state.mt.us 

Recent radio-telemetry studies in the upper Clark Fork Basin ( 1999-2004) indicated 
$; I 0-15 percent annual angleicaused mortality for adult flu vial bull trout. Because of 
extremely low population abundance (1-5 adults/river mi), increasing fishing pressure, 
concentration of fishing pressure in key bull trout habitats, vulnerability of bull trout to 

86 © lntermountain Journal of Sciences, Vol. I I, No. 3-4, 2005 



angling, etc., angling is still suspected to be a significant source of mortality. With this 

in mind, we interviewed 544 anglers (Jun-Oct 2004) in 33 known bull trout staging and 

spawning areas to a sess regulation compliance, fish identification skills, angling methods 

and angler demographics. Anglers surveyed were primarily unguided bank anglers, although 

guided anglers ( 13%) and float anglers (25%) were represented in our sample of Montana 

residents (47%) and nonresidents (53%). Angling methods included fishing with flies (75°,,o), 

bait (9%), hardware (10%) or some combination of these (6%). Most anglers (79° 'o) were 

aware of special regulations for bull trout and overall regulation compliance was very high 

(>99%). However, trout identification skills were poor and the angler group that we were most 

concerned about (those intending to keep fish) was particularly deficient. Anglers planning 

to keep fish exhibited lower regulation compliance (94%) and success in identifying the 

five common trout species ( 15%) relative to catch and release anglers (46% success). These 

data do not provide conclusive answers to the question of angling impacts on depressed bull 

trout populations, but do suggest the need for education targeting specific angler groups and 

concerted river recreation planning efforts in order for native fish recovery to be successful. 

GROUND  wATER  PUMPING  AND  STREAMFLOW  DEPLETION  IN
MoNTANAArs 

Eloise Kendy, Kendy Hydro logic Consulting, 656 N. Ewing Street, Helena, MT 5960 I, 
ek65@comell.edu 

Stream dewatering poses a major threat to aquati� ecosystems in Montana. To prevent 

further dewatering in overappropriated basins, the Montana legislature and the Department 

of Natural Resources and Conservation have closed the upper Clark Fork, Mussel<;hell, upper 

Missouri, Milk, and Teton Rivers and their tributaries to new water rights. Clos;ures, however, 

do not apply to new ground-water appropriations. In response to the closures and prompted 

by the recent drought, agricultural water users have turned increasingly to ground-water wells 

and sprinkler systems as more reliable and efficient irrigation methods than traditional flood 

irrigation from surface-water diversions. The increased crop production made possible by 

these changes increases water consumption from the basins. New residential and commercial 

water users likewise may withdraw additional ground water from aquifers in the basin 

Because ground water naturally discharges into stream channels, this increased consumption 

of ground water ultimately decreases streamflow. Conjunctive stream-aquifer models can 

help planners maximize ground-water withdrawals while minimizing strcamflow depletion at 

critical times of the year. Water-right transfers provide an alternative means to develop new 

water projects without increasing overall water consumption. Concurrent enforcement of 

the basin closures for all water, whether from surface or subsurface s;ourccs, would prevent 

further stream dewatering and protect existing water rights. 
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TRAMMEL NET EFFICIENCY FoR STURGEON SAMPLED IN THE 
MISSOURI RIVER: IMPLICATIONS FOR SAMPLING DESIGN·05 

Eric W. Oldcnbur&, Paul C. Gerrity, and Christopher S. Guy, Montana Cooperative Fishery Research 
Unit, 301 Lewis Hall, Bozeman, MT 59717, actinopterygii@hotmail.com 

William M. Gardner, Montana Department of Fish, Wildlife, and Parks, P.O. Box 938, 2358 Airport 
Road, Lewistown, MT 59457 

To accurately document the continued decline or recovery of sturgeon, efficiency 
of sampling these species needs to be evaluated. Drifted trammel nets are considered an 
important tool for sampling sturgeon in lotic systems. Thus, our objectives were to evaluate 
efficiency of drifting trammel nets for sampling juvenile sturgeon [pallid sturgeon and 
shovelnose sturgeon] using known fish locations, and to determine the abiotic factors that 
influence whether a sturgeon is sampled or not sampled. During the summers of 2003 
and 2004, we attempted to recapture radio-tagged juvenile pallid sturgeon and shovelnose 
sturgeon at 69 locations in the Missouri River above Fort Peck Reservoir, Montana. Drifting 
trammel net efficiency was 32 percent, and first drift efficiency was 36 percent. Sixty-nine 
percent of the sampled sturgeon were captured on the first drift and subsequent drifts were 
less efficient and often unsuccessful. A multiple analysis of variance was not significant and 
all pair-wise comparisons for abiotic variables between successful and unsuccessful captures 
were non-significant. Stepwise logistic regression was used to model the probability that 
a drift would not capture a sturgeon. However, none of the abiotic variables we measured 
were useful in the model. These results suggest that drifted trammel nets were a moderately 
effective sampling gear for juvenile sturgeon in lotic systems. When considering sampling 
design, our results suggest that it was most efficient to conduct single drifts at multiple 
sampling locations, rather than drifting multiple times at one location, if a large sample size is 
the objective. 

HABITAT u E, DIET, AND GROWTH OF HATCHERY-REARED JUVENILE
pALLID STURGEON AND INDIGENOUS JUVENILE SHOVELNOSE
STURGEON IN THE MISSOURI RlvER ABOVE FORT PECK RESERVOIR�l'S 

Paul C. Gerrity and Christopher S. Guy, Montana Cooperative Fishery Research Unit, 
30 I Lewis Hall, Montana State University, Bozeman, MT 59717, pcgerrity@montana.edu 

William M. Gardner, Fish, Wildlife, and Parks, P.O. Box 938, 2358 Airport Road, Lewistown, MT 59457 

Natural recruitment of pallid sturgeon has not been observed in the Missouri River 
above Fort Peck Reservoir, Montana, for at least 30 years. In an effort to recover the species, 
736 hatchery-reared juvenile pallid sturgeon (HRJPS) were released as yearlings in 1998. 
Evaluation of these HRJPS is necessary to determine their performance in a natural lotic 
environment. A set of habitat variables was measured at each location for 29 HRJPS and 22 
indigenous juvenile shovelnose sturgeon (JSNS) implanted with radio transmitters during 
the spring, summer, and autumn in 2003 and 2004. Significant interactions among species, 
season, and year existed for mean relative depth, column velocity, and bottom velocity. 
However, no significant interactions existed for mean fish depth, which was significantly 
higher for HRJPS than JSNS. Hatchery-reared juvenile pallid sturgeon frequently used 
lotic habitat created by receding reservoir water levels, indicating that Fort Peck Reservoir 
influences the amount of available habitat for juvenile pallid sturgeon. We also examined the 
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diets of all HRJPS and JSNS sampled. Fish composed the majority of the diet of HRJPS, 

while JSNS primarily consumed aquatic invertebrates. There was no significant difference m 

relative growth rate between recaptured HRJPS and JSNS from May to October in 2003 and 

2004. This study indicated that HRJPS in the Missouri River above Fort Peck Reservoir are 

capable of living in a natural lotic environment. Therefore, we believe that stocking HRJP 

can successfully augment wild pallid sturgeon populations, which is crucial to the long-term 

recovery of the species. 

DISTRIB UTION AND STATUS OF MoNTANA PRAIRIE STREAM F1SHES m 

Robert G. Bramblett, Christopher S. Guy, and Alexander V. Zaic, Montana Cooperative Fishery 
Research Unit, 301 Lewis Hall, Bozeman, MT 59717, bbramblctt(?v,montana.cdu 

Kenneth P. McDonald and Robert H. Snyder, Montana Fish, Wildlife, and Parks, 1420 East 6th Ave, 
Helena, MT 59620 

During 1999-2004, we took 820 samples for fish in 561 prairie streams in Montana. 

The streams ranged in size from the Powder River down to ephemeral headwater streams. 

Of the 820 samples, 480 (56 %) were from sites with fish present, whereas fish were absent at 

340 ( 44 %) of sites. We captured over 176,000 individual fish representing 48 species and 11 

families. Thirty of the fish species and 89 percent of individuals captured were native to 

Montana, whereas 18 species and 11 percent of individuals were introduced species. At sites 

with fish present, native species richness averaged 4.5 and ranged from I to I 4 species per 

sample, whereas introduced species richness average, d 1.9 and ranged from I to 8. Only two 

species, fathead minnow and white sucker were captured at more than 50 percent of sites 

with fish present. Twelve native and 3 introduced species were captured in I 0-50 percent of 

samples with fish present, and 15 native species and 16 introduced species were captured 

in< 10% of samples with fish present. Of the 30 native species, 13 species were found 

in close proximity to large rivers or in larger streams, 13 species were found primarily in 

smaller streams, and 4 species were in coolwater streams in proximity to higher elevations. We 

documented the distribution of four species of special concern and 6 potential species of 

concern. 

SPATIAL PARTITIONINc OF Two ScuLPtN SPECIES IN WEST 

CENTRAL MoNTANAAFs 

David A. Schmetterling, Montana Fish, Wildlife and Parks,3201 Spurgin Rd., Missoula, MT 59804, 
dschmetterling@state.mt.us 

Susan B. Adams, Southern Research Station, USDA Forest Service, I 000 Front Street, Oxford, MS 
38655 

David A. Neely, Department of Biology, Saint Louis University, Saint LoUJs, 10 63103 

Although sculpin are often important components of fish communities in coldwater 

streams, their ecology, movements and population structure are poorly understood. To 

understand how sculpin are distributed within the upper Clark Fork drainage of Montana, 

we investigated phylogenic relationships, species differentiation and movement patterns 

of sculpin in eight tributaries. We determined phylogenetic relationships and identified 

patterns of genetic differentiation using morphometric measurements, menstic clement 

counts and genetic sequence data from the mitochondrial control region. In each stream, we 

collected sculpin from two locations; typically from one site as far upstream as they were 

t l11termou11tai11 Journal of Science�. Vol. I I �•o 3-4, 20(/5 89 



distributed and another site close to the mouth. In three streams, anthropogenic barriers 
limited movements between sample sites. Morphometric measurements, meristic counts, 

and genetic analyses confirmed the presence of two sculpin species in each stream (Cottus 
cognatus and, the previously undocumented, C. sp. qf. bairdi). Furthermore, sculpin were 

distributed similarly among streams regardless of passage barriers. In general, we found 
only C. cognatus in the upper sites and C. sp. cf. bairdi in the lower sites. Movement studies 
revealed that C. sp. cf. bairdi was highly mobile (moving frequently, and up to 200 m) 
whereas C. cognatus was immobile during the 5-wk study, despite similar densities of sculpin 
in both sites. These data suggest that two allopatric species of sculpin are apparently widely 

distributed in the upper Clark Fork watershed and that behavioral mechanisms, e.g., life 
history tactics, may be responsible for isolating these two species. 

PRAIRIE FISH COMMUNITY ASSESSMENTS: SCIENTIFIC USES WITH 

IMPLICATIONS FOR CONSERVATIONAFS 

Dave Stagliano, Montana Natural Heritage Program, 1515 East Sixth Ave., Helena, MT 59620-1800 
dstagliano@mt.gov 

Aquatic ecosystems of Montana's prairie region have only recently been intensively 
inventoried for fish and macroinvertebrate communities. Recent surveys from Montana 
Fish, Wildlife and Parks, USDI Bureau of Land Management, Montana State University, 
and Montana Natural Heritage Program have identified Montana SOC fish species within 
these communities, as well as "species on review" that need additional information. Since 
comprehensive data on these prairie aquatic communities remains limited, the Montana 
Natural Heritage's goal is to compile reliable information on the distribution and diversity of 
these assemblages with the ultimate goal of tracking unique communities across watersheds 
and predicting additional locations of these communities containing SOC fish and other 
aquatic organisms. We began by documenting the stream types where the characteristic 
aquatic community clusters with indicator species occur in the landscape, and overlay these 
on TNC's Stream Classification System to determine if they consistently and predicatively 
align with similar classified stream reaches. Eight statistically valid prairie fish community 
groups were identified from the data. These were linked on NHD reach codes in a GIS 

to produce maps of occurrences and potential reach habitat for the fish community types 
considered potential conservation targets or priorities. 

ENVIRONMENTAL AND BIOLOGICAL FACTORS CONTRIBUTING To 

SALMINCOU SP. INFECTIONS IN MISSOURI RIVER RAINBOW TROUPFS 

Travis Horton, Montana Fish, Wildlife and Parks, 4600 Giant Springs Road, Great Falls, MT 59405, 
thorton@mt.gov 

Ken Staigmiller, Montana Fish, Wildlife and Parks, 4801 Giant Springs Road, Great Falls, MT 59405 

During the summer and late fall of 2002, Montana Fish, Wildlife and Parks personnel 
received reports of Missouri River rainbow trout infected with Salminco/a sp. gill parasites. 
During June and July of 2003 and 2004, sampling was conducted to determine the extent 
and severity of the parasite in Missouri River rainbow trout. Rainbow trout were sampled 

by nighttime electrofishing in two sections of the Missouri River. Length and weight were 

recorded on all sampled fish, and all fish were examined for the presence of the parasite. 

Infected fish were classified into 3 categories: 1 (mild}, 2 (moderate), and 3 (severe) 
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infections. In 2003, 79.3 percent (n = 63) and 31.8 percent (n = 66) of sampled rainbO\ trout 
were infected with the parasite in the Craig and Pelican Point sections, respectively. Most 
(78%) of the infections observed in the Craig area were classified as grade I or 2; howe\er, 22 

percent were severely (grade 3) infected. In the Pelican Point area, all infected rainbow trout 
had mild infections. In 2004, 52 percent (n = 50) and 9 percent (n = 64) of sampled rainbow 
trout were infected with the parasite in the Craig and Pelican Point sections, respectively; 
however, all infected fish had mild infections. The infection rates observed throughout this 
study are considerably higher than those reported in literature for wild fish. We hypothesize 
that the severity of the infection was related to environmental conditions (low flows and 
high water temperatures) coupled with a rainbow trout population with an abnorn1ally high 
proportion of large (and old) fish. 

Us,NGAN INDEX OF B10T1c INTEGRITY As A SuRROGATE INDICATOR
IN THE TMDL PROCESS FOR PRAIRIE STREAMSMS 

Leanne H. Roulson, Garcia and Associates, 7550 Shedhorn Drive, Bozeman, MT 59718, 

lhroulson@garciaandassociates.com 

The State of Montana is determining total maximum daily loads (TMDLs) for pollutants 
in streams, rivers, and lakes identified as water quality impaired. Common impairments listed 
for eastern Montana prairie streams include sediment loads, salinity, and temperature. 
However, numeric water quality standards either have not been developed for these 
impariments, or criteria have been based on data from western Montana streams. As part 
of the TMDL process Garcia and Associates (GAN DA) sampled fish populations at 11 sites on 
three streams within the Flatwillow and Box Elder watersheds near Winnett. We then analyzed 
the results from each site using an index of biotic integrity ((Bl) for prairie fish communities. 
The IBI ratings were used to support water quality information collected, and to determine 
level of impairment for sites on each stream. We are applying a similar approach to the 
Redwater River planning area near Circle. No new fish collections have been made, but 
existing collections made by Montana Fish, Wildlife and Parks and Montana State University 
were used to calculate I Bl scores. We then used the IBI scores to assess whether total 
suspended solids (TSS) and salinity levels negatively impact native fish communities. TSS and 
salinity levels from less impaired reaches are also being used to support "background levels" 
of these parameters in eastern Montana streams. The goal is to develop fish-based monitoring 
plans to assess whether water quality restoration plans are effective within prairie streams. 

MONITORING THE BIOLOGICAL, PHYSICAL, AND CHEMICAL  

INTEGRITY OF THE POWDER RIVER: IMPLICATIONS FOR THE 

SusTAINABLE DEVELOPMENT OF CoALBED NATURAL GAS 4 rs 

Carol Endicott, Confluence Consulting, Inc., P.O. Box 1133, Bozeman, MT 59771, 

ccndicott@confluenccinc.com 

Coalbed natural gas (CBNG) is an emerging energy source with significant development 
slated for the Powder River basin in Montana and Wyoming. Water is the principal 
by­product of CBNG extraction and wastewater disposal strategies have an unknown effect 
on fish and aquatic life. The objective of this investigation was to document the existing 
biological, chemical, and physical integrity of the Powder River in Wyoming, upstream and 
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downstream of areas with CBNG development. The investigation included assessments 
of fish, periphyton, macroinvertebrates, water chemistry, riparian vegetation, and instream 
habitat. Comparing results with existing data provided a means to evaluate temporal trends 
associated with current levels ofCBNG development. Factors influencing macroinvertebrate 
and periphyton results included the difficulties related to sampling this sand bed river. Fish 
populations reflected habitat availability and emphasized the importance of large woody 
debris in forming pools. The scarcity of sturgeon chub, especially compared to its distribution 
in the early 1990s, emerged as major concern, although the cause of the decline is unknown. 
Water samples collected downstream of CBNG wastewater discharges had anomalously high 
concentrations of salts. Invasion of salt cedar and the potential for increased salt loading from 
CBNG to give this nonnative species a competitive advantage over cottonwood may have 
long-term implications for fish habitat. Recommendations for sustainable development of 
CBNG included incorporation of the river's ability to assimilate wastewater given its unique 
hydrology and integration life history strategies and movements of native fishes. 

TOXICITY OF COALBED METHANE DISCHARGE w ATER 
To PRAIRIE STREAM F1sHESAFs 

Don Skaar, Montana Fish, Wildlife, and Parks, 1420 East 6th Avenue, Helena, MT 59620, 

dskarr@mt.gov 

Aida Farag,, U.S. Geological Survey, Jackson, WY 

Acute (96 hr) and chronic (60-day) toxicity tests were conducted on various fish species 
in order to better understand the sensitivities to major ions in surface waters, particularly 
those present in coal bed methane discharge water of the Powder and Tongue River basins. 
Discharge water in portions of the basins is high in NaHCO

3
, which when combined with 

reconstituted Tongue or Powder River water can be toxic to fish at environmentally relevant 
levels. A general discussion of the sensitivity of different lifestages and the mechanisms of 
toxicity was also provided. 

CONSULTING 101: A VIEW FROM BOTH SIDES OF THE FENCEAFS 

Ginger Gillin, GEi Consultants, Inc., 127 E Front Street Suite 216, Missoula, MT 59802, 

ggillin@geiconsultants.com 

This presentation addressed the role of consultants in the fishery profession from two 
perspectives. It provided information for people who may want to become consultants, and for 
people who may want to hire consultants. I will discuss what consultants can do when to hire 
them, how to hire them, and the big question-why do they cost so much. I also

,
gave some 

insight into what a career in consulting is like for people who might be considering a career 
change. 
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RISK-BASED VIABLE POPULATION MoNITORINcm 

David F. Staples and Mark L. Taper, Department of Ecology, Montana State University, 31 0 Le\, 1s Hall, 

Bozeman, MT 59717-3460, staples@montana.edu 

Bradley B. Shepard, Montana Department of Fish, Wildlife and Parks, Montana Cooperative Fishery 

Research Unit, 1400 South 19th, Bozeman, MT 59718, bshepard@montana.edu 

We describe risk-based viable population monitoring in which the monitoring indicator 
is a yearly prediction of the probability that, within a given timeframe, the population 
abundance will decline below a pre-specified level. Common abundance-ba..,ed monitoring 
strategies usually have low power to detect declines in threatened and endangered species 
and are largely reactive to declines. Comparisons of the population's estimated risk of 
decline over time will help determine status in a more defensible manner than current 
monitoring methods. Monitoring risk is a more proactive approach; critical changes in the 
population's status are more likely to be demonstrated before a devastating decline than with 
abundance-based monitoring methods. In this framework, recovery is defined not as a single 
evaluation of long-term viability, but as maintaining low risk of decline for the next several 
generations. Effects of errors in risk prediction techniques arc mitigated through shorter 
prediction intervals, setting threshold abundances near current abundance, and explicitly 
incorporating uncertainty in risk estimates. Viable population monitoring also intrinsically 
adjusts monitoring effort relative to the population's true status and exhibits considerable 
robustness to model misspecification. We present simulations showing risk predictions made 
with a simple exponential growth model can be effective monitoring indicators for population 
dynamics ranging from random walk to density dependence with stable, decreasing, or 
increasing equilibrium. In analyses of time-series data for five species, risk-based monitoring 
warned of future dee! ines and demonstrated secure status more effectively than statistical tests 
for trend. We presented more detailed risk-analyses for Flathead bull trout populations. 

TROPHIC POSITION, HABITAT USE, AND MERCURY IN FLATHEAD 
LAKE FISH: INSIGHTS FROM STABLE ISOTOPESAFS 

Craig P. Stafford, Division of Biological Sciences. University of Montana, 32 Campus Dnve o. 4824, 

Missoula, MT 59812, craig.stafford@mso.umt.edu 

Jack A. Stanford, Flathead Lake Biological Station, University of Montana, 311 Bio Station Lane, 

Polson, MT 59860 

We measured o 13C and o 15N in lake trout, lake whitefish, and their major prey items to 
quantify foraging depth and trophic position of individual fish in Flathead Lake, Montana. 
We subsequently applied our isotopic quantification of foraging depth and trophic position to 
investigate mercury contamination at the individual fish level. 0 15 of chironomids increased 

with site depth, and o 13C generally declined. In contrast, Mysis relicta showed no relationship 
between its isotope ratios and site depth. The isotope ratios in the pooled fish sample were 
related to fish capture depth, growth rate, and total length. We found no relationship between 
mercury contamination and our isotopic assessment of foraging depth in the fish. A significant 
relationship between existed between fish mercury contamination and our i otopic assessment 
of trophic position, suggesting that fish that feed deeper and/or higher up the food web arc 
more contaminated. 
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SEASONAL MovEMENT AND HABITAT UsE BY Sue-ADULT 

BuLL TROUT IN THE UPPER FLATHEAD·R1vER SYSTEM, MoNTANAAFS 

Clint C. Muhlfeld and Brian Marotz, Montana Fish, Wildlife, and Parks, 490 North Meridian Rd., 
Kalispell, MT 59901-3854, cmuhlfeld@state.mt.us 

Despite the importance of large-scale habitat connectivity to the threatened bull trout, 
little is known about the life history characteristics and processes influencing natural dispersal 
of migratory populations. We used radiotelemetry to investigate the seasonal movements and 
habitat use by subadult bull trout ( e.g., fish that emigrated from natal streams to the river 
system) tracked for varying periods from 1999 to 2002 in the upper Flathead River system in 
northwestern Montana. Telemetry data revealed migratory (n = 32 fish) and nonmigratory (n = 
35) behavior, indicating variable movement patterns in the subadult phase of their life history.
Most migrating subadults (84%) made rapid or incremental downriver movements (mean
distance, 33 km; range, 6-129 km) to lower portions of the river system and to Flathead Lake
during high spring flows and as temperatures declined in the fall (to below 12 oC) and winter
(to below 4 °C). Conversely, some migrants (16%) moved upriver (mean distance, 22 km;
range, 6-46 km) as flows subsided following spring runoff and as mean daily temperatures
gradually rose above 7 °C. Bull trout subadults used complex daytime habitat throughout
the upper river system, including deep runs that contained unembedded boulder and cobble
substrates, pools with large woody debris, and deep lake-influenced areas of the lower river.
Our data indicate that bull trout exhibited variable movement patterns in the subadult phase
of their life history, and that water temperature and river discharge appeared to influence
movement. Results elucidated importance of maintaining natural connections and a diversity
of complex habitats over a large spatial scale to conserve the full expression of life history

traits and processes influencing natural dispersal of bull trout populations. Managers should
seek to restore and enhance critical river corridor habitat and remove migration barriers,
where possible, for recovery and management programs.

AGE AND GROWTH OF BULL TROUT IN THE LOWER CLARK FORK 

RIVER SYSTEM AND FACTORS AFFECTING THE RELATIVE ABUNDANCE 

OF MIGRATORY AND RESIDENT LIFE IIIsToRY FoRMSAFS 

Nik Zymonas, Department of Ecology, Montana State University, 310 Lewis Hall, Bozeman, MT 59717, 
nzymonas@state.nm.us 

Bull trout exhibit resident, fluvial, and adfluvial forms, sometimes in sympatry. The 
mechanisms driving bull trout life history variation are poorly understood but important to 
management of this threatened species. In this study, we characterize the age structure of 
17 bull trout populations, including age at outmigration and age at maturity. We compare 
age structures and growth rates between and among resident and migratory populations and 
discuss patterns across the study area. We examine relationships among life history form, age 
characteristics, and environmental variables including temperature, productivity, stream size, 
fish densities, population structure, species composition, and presence of migratory barriers. 
These findings will enable managers to better determine whether life history variation in bull 

trout populations can be directed to favor production of resident or migratory forms. 
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AouLT BULL TROUT REsroNSE To RELEASE AsovE A DAM ON

THE CL ARK FORK RIVER, MONTANAAFS 

Lawrence L. Lockard, USO! Fish and Wildlife Service, 780 Creston Hatchery Rd., Kalispell, MT 59911 

Jarry _lockard@fws.gov 

Joseph M. DosSantos, Avista Corporation, P.O. Box 1469, oxon, MT 59853 

Electofishing and a fish ladder/trap were used to capture 129 adult bull trout in the 

Clark Fork River downstream of Cabinet Gorge Dam, Idaho, from 200 I through 2004. 

A portion of these fish were presumed to have migrated downstream as juveniles from 

Montana tributaries through or over the dam and reared in Lake Pend Orielle, Idaho (16 km 

downstream of Cabinet Gorge Dam). Captured adult bull trout were surgically implanted 

with radio transmitters, transported upstream by fish tank truck, and released at two sites in 

Cabinet Gorge Reservoir, Montana ( 13 and 20 km upstream of the dam). Of the 129 bull trout 

successfully released in Montana, 78 were detected in tributaries to Cabinet Gorge Reservoir 
during the spawning season, September and October. A total of 26 bull trout transported 

from Idaho were recaptured in spawning tributaries, transported downstream, and released 

in the Clark Fork River, Idaho. Another 37 bull trout were documented to have volitionally 

passed downstream through turbines or over Cabinet Gorge Dam, a minimum of 21 of 

those that likely survived turbine passage. Genetic assignments to tributaries of ongin were 

accomplished for most fish captured over the 4-yr study. Of the 112 viable genetic samples 

collected below Cabinet Gorge Dam, 90 percent were assigned to upstream tributaries. Radio 

receivers at Noxon Rapids Dam (31 km upstream from Cabinet Gorge Dam) detected 40 

of the 129 bull trout in the dam tail race area, 70 perc,ent of these fish originated upstream 

of the second dam on the Clark Fork River. In 2004 a "Rapid Response Genetic Analysis" 

was employed to determine natal tributary of origin of captured fish prior to transport above 

Cabinet Gorge Dam. 

THERMAL REQUIREMENTS OF WESTSLOPE CUTTHROAT TROUT•m 

Beth A. Bear and Thomas E. McMahon, Department of Ecology, Montana State University, 310 Lewis 

Hall, Bozeman, MT 59717, bbear@montana.edu 

Alexander V. Zale, Montana Cooperative Fishery Research Unit, 30 I Lewis Hall, Montana State 

University, Bozeman, MT 59717 

Westslope cutthroat trout have declined throughout their native range in the orthcm 

Rockies and were considered for listing under the federal Endangered Species Act. Water 

temperature is widely regarded as playing a key role in determining their persistence, but 

specific thermal optima and lethal levels for this cutthroat trout subspecies have not been 

precisely defined. This laboratory study used the acclimated chronic exposure method to 

determine thermal optima and tolerances for westslopc cutthroat trout and for rainbow trout 

a potential nonnative competitor now occupying much of the former range of \\Cstslope 

cutthroat trout. Optimum growth temperature for wests lope cutthroat trout ( 13.6° C; 95% 

CI, I 0.3-17.0 °C) over the 60-d test period was, unexpectedly, similar to that of rainbow 

trout ( 13.1 °C; 95% Cl, 6.8-18.2 °C). However, rainbow trout grew significantly better at 

temperatures below 6.8 °C and above 20.8 °C. Increased growth by rainbow trout at these 

temperatures could be the mechanism by which rainbow trout arc out-competing \\Cstslope 

cutthroat trout. In addition, the ultimate upper incipient lethal temperature (temperature at 

which 50% of the population can survive for 60-d) for rainbow trout (24.2 "C: 95% Cl, 22.9 
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_ 25.4 °C) was 4 °C higher than that for westslope cutthroat trout ( 19.7 °C; 95� �I, 19.1-20.3

°C). The higher upper temperature tolerance of rainbow trout may ac_count for its in�reased

occurrence at lower elevations than cutthroat trout. The thermal requirements established 

in this study can help guide protection and restoration efforts for this unique cutthroat trout
subspecies. 

STATUS OF BuRBOT IN MoNTANAAFs 

Melissa R. Jones-Wucllner and Christopher S. Guy, Montana Cooperative Fishery Research Unit, 30 I 
Lewis Hall, Montana State University, Bozeman, MT 59717, rnjones@rnontana.edu 

Kenneth P. McDonald, Montana Fish, Wildlife, and Parks, 1420 E 6th Ave. P.O. Box 20070 I, Helena, 
MT 59620 

In Montana, burbot are native to the Kootenai, Missouri, and Saskatchewan drainages. 
To assess the distribution and status of burbot in Montana, we requested population 
characteristic data (e.g., length-weight data, catch per effort, population estimates) from 
fisheries biologists throughout the state. In addition, we surveyed biologists regarding 
their opinions about the status ofburbot in their area. We were able to obtain and analyze 
trend data from several populations throughout Montana, but most of these data were from 
incidental catches while biologists were sampling for other species. Thus, low sample size 
was a common problem with these data and made any conclusions regarding population 
trends relatively unreliable. Fisheries biologists throughout the state also agreed that data was 
limiting to make any recommendations regarding the status of burbot in Montana. Where 
standardized long-term data sets existed, burbot population abundance was highly variable 
and likely related to discharge. We recommend that standardized sampling be incorporated 
for monitoring burbot populations and that sampling for burbot be specifically targeted 
in areas that are identified as potential spawning and rearing habitat. Despite that burbot 
are native to much of Montana, little is known about their overall status, usefulness as an 
indicator species, and function in fish assemblages. 

SEASONAL AND DIEL DISTRIBUTION OF LAKE TROUT IN LAKE 
McDONALD, GLACIER NATIONAL PARKAFs 

Andrew M. Dux and Christopher S. Guy, Montana Cooperative Fishery Research Unit, 30 I Lewis Hall, 
Montana State University, Bozeman, MT 59717, adux@montana.edu 

Wade A. Fredenberg, Creston Fish and Wildlife Center, USDI Fish and Wildlife Service, 780 Creston 
Hatchery Road, Kalispell, MT 5990 I 

Leo Marnell, Science Center, USDI National Park Service, Glacier National Park, West Glacier, MT 
59936 

Bull trout have suffered a dramatic population decline since the establishment of non­
native lake trout in Lake McDonald, Glacier National Park (GNP). In an attempt to prevent 
further decline of this population, GNP is considering implementing a lake trout suppression 
program. We used ultrasonic telemetry to examine the spatial and temporal distribution of 
lake trout, thus providing information critical to developing a successful suppression program. 
We relocated 36 lake trout 1137 times from June through November 2003 and March through 
November 2004. Tracking was conducted at all times during a 24-h period. Lake trout total 
length varied from 508-859 mm and averaged 629 mm (SE= 13.1 ). Mean depth of lake trout 
was shallowest (14.0 m, SE= 2.2) in May and deepest (25.2 m, SE= 1.03) in September. 
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Mean depth increased from May through September as thennal stratification became more 

pronounced. During stratification, lake trout occupied depths in the thennocline and upper 

hypolimnion where temperatures varied from 6-12 C and dissolved oxygen levels were 

~9-12 mg/L. Additionally, lake trout were found in the pelagic zone more frequently during 

stratification than in spring and autumn. Spawning commenced in late-October (water 

temperature <11 C), and lake trout aggregated in shoreline habitats with clean cobble and 

rubble substrates. Mean fish depth during spawning was 16.1 m (SE= 1.4). These data 

illustrate patterns in the spatial and temporal distribution of lake trout and will be useful for 

developing methods to reduce lake trout abundance in Lake McDonald. 

A SPATIALLY EXPLICIT APP ROACH FOR EVALUATING RELATIONSHIPS 
AMONG COASTAL CUTTHROAT TROUT, HABITAT, AND DISTURBANCE 
IN HEADWATER STREAMSAFS

Robert E. Gresswell, Northern Rocky Mountain Science Center, U.S. Geological Survey, P.O. Box 
172780, Bozeman, MT 59717, bgresswell@usgs.gov 

Douglas S. Bateman, Department of Forest Sciences, Oregon State University, 3200 SW Jefferson Way, 
Corvallis, OR 97331 

Christian E. Torgersen, Forest and Rangeland Ecosystem Science Center, U.S.Geological Survey, 3200 
SW Jefferson Way, Corvallis, OR 97331 

Troy Guy, Steve Hendricks, and J. E. B. Wofford, Department of Fisheries and Wildlife, Oregon State 
University, Corvallis, OR 97331 

Headwater stream systems are complex networks that form a physicochemical template 
governing the persistence of aquatic species such as coastal cutthroat trout. Individual 
portions of the network can function as conduits or receptacles for sediments, wood, and 

nutrients from terrestrial areas. Temporal and spatial changes in the delivery of these 

constituents can substantially alter the habitat template and its ability to support this native 

fish. Our study of 40 mid-sized watersheds (500-1500 hectares) in western Oregon is 

providing new insights into the factors affecting the distribution of coastal cutthroat trout 

within, and among, headwater stream networks. For example, data suggest that coastal 
cutthroat trout move throughout the accessible portions of headwater streams for reproductive, 

feeding, and refuge purposes. Fish congregate in these areas and form local populations that 
may exhibit unique phenotypic and genetic attributes. At times, coastal cutthroat trout move 

into larger downstream portions of the network where they may contribute to the persistence 
and genetic character of anadromous or local potamodromous assemblages. Variations in 

distribution patterns among watersheds reflect diverse environments and selective factors, 

such as geology, geomorphology, climate, and land-management history. According to our 

research findings, human activities that impede movement among suitable habitat patches can 
have lasting consequences for local assemblages of coastal cutthroat trout and may ultimately 

affect persistence. 
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BIOLOGICAL SCIENCES - TERRESTRIAL 

BEAV ER EFFECTS ON WATERSHED STRUCTURE AND GENE FLOW 
FOR COLUMBIA SPOTTED FROG POPULATIONS IN SOUTHWESTERN 
MoNTANA1Ws 

Stephen J. Amish and Lisa Eby, Department of Wildlife Biology, College of Forestry and Conservation 
University of Montana, Missoula, MT 59812-0596 

Beaver have long been recognized as animals with a unique ability to strongly alter their 
environment. In southwestern Montana, historical pressure on beaver populations has altered 
the hydrology of many watersheds. At the same time, amphibian populations that depend on 
lentic habitat might be declining. Whereas multiple factors are clearly behind these declines, 
habitat fragmentation due to the loss of beaver-created habitat may be one of them. Although 
research has shown a link between diversity of aquatic fauna and beaver activity, a landscape 
comparison of population connectivity for a species using beaver-created habitat has not been 
attempted. This study contrasts watersheds with and without beavers to investigate possible 
differences in habitat composition and configuration for pond breeding amphibians. We 
queried a database consisting of hundreds of randomly selected watersheds developed for 
monitoring lentic amphibian distribution to examine the type, number, and distances between 
water bodies serving as potential breeding sites for Columbia spotted frogs. To test the relative 
importance of beaver-created lentic habitat for gene flow within and between populations of 
Columbia spotted frogs, we selected three pairs (beaver and non beaver) of watersheds, and 
genetic and habitat data from all known breeding sites were collected. Individual samples 
were analyzed at six microsatellite loci and estimates of population connectivity were inferred 
based on the number of shared alleles. 

VETERINARY INTERVENTIONS, MANAGEMENT, AND CONSERVATION 
OF THE BLACK RHINOCEROS IN ZIMBABWE1WS

Mark Atkinsonn, Montana Fish, Wildlife and Parks, 1400 S. 19th Ave., Bozeman, MT 59718, 
matkinson@mt.gov 

Wild populations of black rhinoceros (Diceros bicornis) in Africa have suffered 
catastrophic declines over the past 3 decades as a result of illegal hunting for horn. The 
black rhino received CITES Appendix I listing in 1977. However, between 1970 and 1992, 
96 percent (~63,000 animals) of the wild population was killed. Since the late 1990s certain 
populations have been showing signs of recovery with a total estimated wild population of 
3610 in 2005. The Zimbabwean population suffered a correspondingly precipitous decline 
reaching a low of ~300 animals by 1992. A 2004 survey, however, revealed a population 
of 536. Conservation measures responsible for the current increasing trend, detailed in the 
Zimbabwe Black Rhino Conservation Strategy and instituted in 1992, include outreach and 
education, capture and translocation, dehorning, creation of Intensive Protection Zones, 
increased law enforcement, improved monitoring techniques, and establishment of a viable 
ex-situ population. Improved capture techniques and judicious use of long-acting neuroleptics 
have greatly improved the success of these programs, reflected in overall mortality rates 
associated with capture of< 1 percent. Some approaches have been controversial and 
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expensive and dehorning as a conservation technique was discontinued in 1996. The threat 

of poaching remains, however, and current conservation efforts remain at a lo� level due 

to political instability, lack of government support, and inadequate operating funds. It is 

proposed that sustainable utilization of the black rhinoceros through live sales and sport 

hunting would contribute significantly to rhino conservation by generating revenue suitable 

for reinvestment in conservation programs. 

RELATIVE CoNTR1B UT10Ns OF PREY, PHYSICAL CoNon10N, ANo 
HABITAT STRUCTURE To PREDATION BY CoUCARS ANo WoLvEs I

SOUTHWEST MoNTANAnvs 

Todd Atwood, Eric Gese, and Kyran Kunkel, Department of Forest, Range, and Wildlife Sc1cnccs, 

Utah State University, Logan, UT 84322 

Vulnerability to predation resulting from direct or indirect efTects or physical condition 

allegedly is a widespread phenomenon in predator-prey systems. Yet there is a paucity or 

empirical support for the putative linkage between predator detection and avoidance behaviors 

and relative or absolute body condition. We examined patterns or prey selection by sympatrie 

cougars (Puma conco/or) and wolves (Canis lupus) to determine (i) if prey killed by wolves 

were in poorer absolute physical condition relative to prey killed by cougars and (ii) ir 

declining relative physical condition resulted in prey becoming risk-insensitive, thus making 

them more vulnerable to predation. Additionally, we assessed the role of vegetative structure 

in facilitating predation. Since 2003, we have documented prey characteristics and kill site 

attributes in the no11hern Madison range of southwest Montana. Mule deer ( Odocoileus 

hemionus) were the primary prey for cougars, whereas elk (Cervus efaphus) were the primary 

prey for wolves. Wolves selected prey in relatively poor absolute physical condition compared 

to prey selected by cougars. However, declining relative condition in mule deer may have 

contributed to vulnerability to predation by cougars. Wolf kills occurred in habitat that was 

more reflective of the study area than cougar kills. These disparities suggest that patterns 

in species-specific hunting behavior and prey selection differ considerably, and prey likely 

forage in a risk-prone manner as physical condition declines. 

LooK1Nc BACK To SEE OuR FUTURE: MANACINc B1soN IN THE 
GREATER YELLOWSTONE EcosYSTEM rns 

Keith Aune, Montana Fish, Wildlife and Parks, 1420 E. 6th Ave., Helena MT 59624, 

kaune@mt.gov 

Jack Rhyan, USDA/APHIS Veterinary Services, Fort Collins CO 80527 

N Bison management within and near Yellowstone National Park (Y P) has been a 

source of public controversy since the park was established in 1872. An early census in 1880 

indicated that about 600 wild bison remained in Y P, and sport hunting became illegal in the 

park by 1883. Because of an intractable bison-poaching problem, the U.S. army managed 

Yellowstone from 1886 until 19 I 8. By 1902 only 40-50 bison remained within YNP, so 

the herd was augmented with 21 bison from Texas and Montana herds. Introduced bison 

were carefully husbanded at holding facilities in Mammoth and the Lamar Buffalo Ranch. 

Until I 967 YNP's bison were intensively managed, which frequently included herding 

or transporting among various habitats within YNP to enhance genetics, distribution, and 
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demographics. When brucellosis was identified in bison in 1917, various attempts were 

made to eradicate the disease: (1) bison testing positive for brucellosis for several decades 

were sent to slaughter; (2) in the early 1960s bison testing negative for the disease were 

vaccinated; and (3) various culling measure were implemented that included transplanting 

bison testing negative for brucellosis to habitats outside ofYNP or to commercial bison 

ranches. After 1967, when the National P ark Service emphasized managing free-ranging 

bison through natural population regulation, all of these activities ceased. Despite 50 years of 

intensive manipulation and 30 subsequent years of minimal management that coincided with 

periodic culling outside the park, YNP's bison herd continues to thrive and now numbers> 

4200 animals. Management applied to YNP bison over -100 years has significantly impacted 

genetics, distribution, movements, and numbers of the present population. We thoroughly 

examined management history ofYNP bison to identify future management tools. The 

robust nature ofYNP's bison herd and its diverse genetic make-up offer an appropriate 

source for future restoration projects. Chronic presence of brucellosis is the only significant 

factor inhibiting use ofYNP herds for restoration. We propose that modem testing and 

rigorous monitoring protocols be developed and tested to explore the feasibility of extracting 

brucellosis free bison from YNP. Removing bison from this robust population through 

quarantine procedures to establish new conservation herds is consistent with historical models 

of wildlife conservation, the history of restoration projects using bison and other wildlife from 

YNP, and a need to regulate numbers and distribution of bison in this system. 

AssESSING THE SuccEss OF Sw1FT Fox REINTRODUCTIONS ON THE 

BLACKFEET INDIAN RESERVATION: PROJECT UPDATEl
W
S 

David E. Ausband, Wildlife Biology Program, University of Montana, Missoula, Montana, MT 59812 

From 1998 to 2002, the Blackfeet Indian Nation and Defenders of Wildlife reintroduced 

123 captive-reared swift fox on the Blackfeet Indian Reservation in Montana. Our current 

research project is directed at determining whether these reintroductions have established a 

self-sustaining population of swift fox on tribal lands. To obtain matrix-based growth rates 

for the fox population, we radio-collared> 60 animals and to date have known fates for 23 

individual foxes. From 2003 to 2004 the fox population on the Reservation grew at a rate of 

7 percent and projected growth for 2004-2005 was approximately 15 percent. Most swift fox 

mortality can be attributed to coyotes (57%) and raptors (22%). Also, because we thought 

that more releases might possibly be needed, we implemented a small mammal survey across 

the Reservation in an effort to estimate relative abundance of prey. During summer 2004, 

we placed 20 trap grids at random locations and captured 169 animals with deer mice (61 %) 

and Richardson's ground squirrels (21 %) comprising the majority of captures. This research 

project will be completed in autumn 2005. 

WEST SIDE STORY: GENETIC POPULATION STRUCTURE OF ELK 

GANGS IN THE NORTHERN RocKY MouNTAINsn
v

s 

Jocelyn L. Aycrigg and Edward 0. Garton, Department of Fish and Wildlife Resources, University of 

Idaho, Moscow, ID 83844-1136 

Managing and conserving wildlife populations over large spatial areas challenge wildlife 

and conservation biologists to take new approaches. Large mammals, such as Rocky 

Mountain elk (Cervus elaphus nelsoni), exemplify this challenge because they have seasonal 

and annual ranges that cover areas the size of watersheds or sub-basins, respectively. To meet 
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this challenge of managing elk, we performed spatial analysis of populations at the landscape 
level using the metapopulation concept and a genetic analysis approach. We collected tissue 
samples of individual elk from across the northern Rocky Mountains and genotyped each 
individual using microsatellites at multiple loci. We examined genetic population structure 
with 5 approaches. Individuals were assigned to local populations based on their relative 
similarity or dissimilarity to each local population using genotypes and geographical locat10n. 
Our results indicated little genetic differentiation between specific regions. Understanding 
the genetic population structure of elk from a metapopulation perspective provides both 
theoretical and practical benefits for managing and sustaining this species. 

ASSESSING THE ROLES OF NUTRITION ANO HABITAT SELECTION IN
THE DECLINE OF A BIGHORN SHEEP POPULATION IW, 

Regan Berkley and Janet Rachlow, College of Natural Resources, Department of Fish and Wildlife 

Resources, University of Idaho, Moscow, ID 83844-1136 

Reintroduced populations often face the hazard of insufficient or inadequate habitat in their 
new range. Bighorn sheep herds in the Jacks Creek area of Owyhee County, Idaho, increased 
steadily from initial releases in the late 1960s until the early 1990s but have recently exhibited a 
precipitous decline. Habitat deficiencies, specifically inadequate forage or escape terrain, have 
been implicated as potential causes for this decline. We assessed the extent to which variation in 
use and availability of habitat resources across three drainages in the study area were correlated 
with variation in lamb production and ewe and lamb survival. Radio­telemetry indicated that 
females in each drainage represented distinct herds. Sheep in the herd exhibiting the highest lamb 
survival were more often located feeding at sites dominated by cliffs and shrubs, whereas sheep in 
the herd exhibiting the lowest lamb survival fed at sites dominated by loose rock and grass. 
Availability of rugged terrain did not differ between the two drainages. In 2003, fecal nitrogen 
content also differed significantly among herds; we obtained the highest mean value from the herd 
exhibiting the highest lamb survival. Analyses of arrangement, size, and interspersion of habitat 
patches are currently underway. Preliminary results suggest that selection of habitat features was 
related to lamb survival, and therefore 
may have played a role in this population's decline. 

D1sTRIBUT10N OF PYGMY RABBIT ON PUBLIC LANos IN SouTHWEST 
MONTANA

T
WS 

Kelly Bock ting and Emily Rens, USDI Bureau of Land Management, Dillon Field Office, I 005 Sel>way 

Dr., Dillon MT 59725 

Pygmy rabbit (Brachylagis idahoensis) records in southwest Montana date back to 1918 
with the majority of the historical range occurring in Beaverhead County. Current distribution 
in Montana does not vary from hi torical distribution, but rabbits occupy different sagebrush 
habitat types than previously documented. Past studies focused on basin big sagebrush 
(Arlemisia tridentala tridentata) habitat in drainages and swales that provide taller sagebrush 
structure and on deeper, friable soils at elevations of 4500 to 6700 ft. Recent survey efforts 
in Dillon Field Office (DFO) have documented pygmy rabbits � 8000 ft in mixed agebrush 
habitat types of mountain big sagebrush (A. t. vaseyana), three tip sagebrush (A. tripartila

tripartite), and Wyoming big sagebrush (A. I. ¾J'Omingensis ) across the landscape in a variety 
of soils suitable for burrowing. Pygmy rabbit. We noted burrows and pellets while doing 
sage grouse habitat surveys during summers 2003 and 2004. In 2004 we began imcntorying 
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habitat for which few records existed, or pygmy rabbits had not been documented in the past,

to refine distribution maps. These inventories indicated a more widespread and common

occurrence than was previously noted from surveys of the mid-1990s. Daubenmire and

line intercept methods were used to characterize habitat for sage grouse and pygmy rabbits

and determine shrub canopy cover and vertical structure. Pygmy rabbit occurrence in this

area appeared more dependent on sagebrush structure and patchiness rather than on species

composition. 

THE MONTANA CHALLENGE: REMAINING THE LAST BEST PLACE 
FOR FISH AND WILDLIFE IN A CHANGING WEST1

W
S 

Robert O. Brooks and Tom Palmer, Montana Fish, Wildlife and Parks, 1420 E. 6th Ave ., Helena, MT 

59620 

SuzAnne Miller, Dunrovin Research, P.O. Box 822, Lolo, MT 59847 

Montanan's relationship to fish and wildlife, and their ties to the natural landscape, are 
defining characteristics of the state and its people. From our long-time ranchers in their sturdy 
pick-up trucks to today's emergency-room nurses riding titanium-framed bicycles, we all 
seem to know times are changing. To better understand the shifts and changes in Montana's 
cultural and economic landscape, 30 years of disparate economic, social, demographic, 
recreational, political, and legal information was compiled. The information shows that a new 
and important economic engine is operating along side the state's established commodity­
based industries. For today's Montanans, who are fueling the state's growth and economic 
vitality, the West's natural landscapes and fish and wildlife resources are proving to be a 
key consideration in where to live and how to make a living. The challenge for wildlife 
managers is to recognize the opportunities this new social and economic sector represents to 
conservation while maintaining, restoring, and conserving the natural landscapes that create it. 

SPATIAL DYNAMICS OF THE CENTRAL YELLOWSTONE BISON HERD: 
USE OF A ROAD SYSTEM AND TRAVEL NETWORKnvs 

Jason E. Bruggeman and Robert A. Garrott, Department of Ecology, Montana State University, 

Bozeman, MT 59717 

Fred Watson, Watershed Institute, California State University Monterey Bay, Seaside, CA 93955 

John Borkowski, Department of Mathematical Sciences, Montana State University, Bozeman, MT 

59717 

P. J. White, USDI National Park Service, Yellowstone National Park, WY 82190 

The topic of winter recreation in Yellowstone National Park (YNP) has presented 
many controversial wildlife management issues. At the forefront of the debate is the effect 
of road grooming-done to facilitate over-snow vehicle travel---on bison (Bison bison)

ecology. Bjorn lie and Garrott (2001) conducted a two-year study from 1997-1999 on YNP's 
central bison herd and concluded that groomed road use by bison on the Madison-Gibbon­
Firehole (MGF) winter range is neither sought out nor avoided and that roads are not a major 
influence on bison ecology-results contrary to popular belief. As an extension of Bjomlie 
and Garrott's (2001) research, data were collected from November to May from 1999-2004 
on bison movements, road travel, distribution, and behavior in the MGF. In addition, daily 
snow water equivalent (SWE) estimates and related covariates were modeled at 28.5-m spatial 
resolution from 1997 to 2004. We assessed causes of temporal variation in bison travel-both 
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on-and off-road-by evaluating competing hypotheses to detem1ine the relative contributions 

of snowpack, road grooming, density-dependence, and forage accessibility on magnitude of 

travel. Using multiple linear regression output and model comparison techniques, the best­

supported models indicated that road travel is positively affected by SWE and the number 

of bison in the MGF but negatively influenced by road grooming. Likewise, bison den.,1ty­

dependence and SWE variability positively affect the magnitude of off-road travel. Our 

finding coincide with Bjornlie and Garrott (2001) that suggest that a suite of a biotic and 

biotic factors positively affected bison travel rather than road grooming. 

CANADA LYNX AND WoLVERINE: FIVE YEARS OF CoNSERVATION rn�

James J. Claar, Region I, USDA Forest Service, Missoula, MT 59807, JClaar((t fs. fed.us 

Lori Nordstrom, USDI Fish and Wildlife Service, I lelcna, MT 5960 I, Lon nordstromu1 fws gov 

Robert Naney, Okanogan ational Forest, USDA Forest ervicc, Wenatchee, WA 9880 I 

naney@fs. fed. us 

Nancy Warren,Rocky Mountain Region, USDA Forest Service, Lakewood, 0 80225, 

nwarren@fs. fed. us 

Stephen Mighton, Eastern Region, USDA Forest Service, Milwaukee, WI 53202, sm1ghton1<1 fs.fed.us 

Canada lynx (lynx canadensis) were listed under the Endangered Species Act (ESA) 

in March 2000 as threatened. Wolverine (Culo gulo) were petitioned and dcterm111cd to 

be not warranted for federal listing in August 2003. Independent of these different legal 

histo1ies, national interagency conservation programs for these 2 species have been handled 

in a similar fashion by state and federal agencies with management responsibility. The Lynx 

and Wolverine Steering Committee, consisting of state and federal members, continues to 

provide oversight for the conservation of these 2 carnivores. For Canada lynx, a nationwide 

management document entitled, Canada Lynx Conservation Assessment and Strategy (LC A , 

August 2000) provides guidance for project design in mapped lynx habitat. Conservation 

Agreements among USDl Fish and Wildlife Service, USDA Forest Service, and USDI Bureau 
of Land Management provide guidance for the interim period between the LCAS and its 

incorporation into agency management plans. Lynx have been surveyed across their historic 

range in the lower 48 states and found to exist in 5 primary areas. For wolverine, there are 2 

teams developing a conservation strategy and science report. Research is underway 111 selected 

areas of historic wolverine range. We summarized conservation programs and status of both 

species on public lands in the contiguous United States in relation to species status, ongoing 

management programs, and research. Potential threats and future conservation needs for both 

species and habitats were presented. 

NATAL DISPERSAL OF JUVENILE PYGMY RABBITS: PRELIMINARY 

RESULTST
W
S 

Wendy A. Estes-Zumpf and Janet L. Rach low, Department of Fish and Wildlife Resources, College of 

Natural Resources, University of Idaho, Moscow, ID 83844 

Natal dispersal is an important aspect in maintaining wildlife populations. Habitat 

fragmentation and a tendency for populations to exhibit local extinctions make knowledge 

of dispersal capabilities of pygmy rabbits (Brachylagu'l idahoensis) critical for consen. ation 

planning. However, due to logistical constraints, natal dispersal has not been studied in 

pygmy rabbits. We studied movements of juveniles from shortly after emergence from 
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natal burrows (May-July 2004) through early January 2005 as part of an ongoing study of 

juvenile dispersal. We trapped 12 males and I 4 females at approximately Oto 4 weeks post 

emergence. We attached 1-g glue-on radio transmitters to fur between the shoulder blades. 

Gluc-on transmitters were replaced with 5-g radio collars after juveniles reached body mass 

of ~300 g. Individuals were radio-tracked twice/week until mid August, after which rabbits 

were tracked once every two weeks. Preliminary data suggested that both male and female 

juveniles tended to be relatively sedentary until about 6-8.5 wks of age when many made 

rapid long-distance movements ranging from 0.8 to 6.2 km for males and 2.9 to 11.8 km for 

females. However, movements of several juveniles of both sexes during that time period were 

� 200 m. Median natal dispersal distances for males and females >8.5 weeks of age were 1.1 

and 4.8 km, respectively. Mortality rates for males and females through January 2005 were 67 

and 64 percent, respectively. Although preliminary, these results indicated that pygmy rabbits 

regularly disperse farther than previous movement data suggest, increasing the potential for 

connections among populations. 

CHRONIC w ASTING DISEASE: NATIONAL AND STATE IMPLICATIONST
W
S 

Tim Feldner and Neil Anderson, Montana Department of Fish, Wildlife and Parks, Helena, MT 59620 

Chronic wasting disease (CWD) has affected wildlife management programs nationwide. 

In some states, allocation of expenditures for CWD management has been detrimental to 
funding other important wildlife management programs. The presence of CWD in a state 

may also reduce hunter participation thereby reducing the effectiveness of one of wildlife 

management's most effective tools, the big game hunter. The long-term effect of CWD on 

wildlife populations is still being evaluated. While Montana has not found CWD in its free 

ranging wildlife populations, we expect surveillance efforts at some point to identify the 

disease within our borders due to our proximity to states and provinces where CWD has been 

diagnosed. What is the current state of knowledge about CWD: its distribution, pathology, 

epidemiology, transmission, management, and control? What is Montana FWP doing to 

prevent CWD or to prepare to manage it when it is found within our borders? Current results 

from national and state surveillance programs as well as considerations for management of 

CWD were presented. 

B1soN DEMOGRAPHY IN YELLOWSTONE NATIONAL PARK 1902 To 

PRESENTT
W
S 

Julie A. Fuller and Robert A. Garrott, Department of Ecology, Montana State University, Bozeman MT 

59717, jfullcr@montana.edu; rgarrott@montana.edu 

Once nearly extirpated across its range, the population of American bison (Bison bison) 

in Yellowstone National Park (YNP) has increased from just 22 animals in 1902 to> 3000 

in modem times. This conservation success came about as a result of shifting management 

paradigms to correspond with population size of the bison herds. Park managers initially used 

intense animal husbandry practices to foster herd growth. As herd size increased, the USDI 

National Park Service implemented a free-range system of management known as natural 

regulation. Most recently, several agencies employ periodic removals when bison leave park 

boundaries and come into conflict with local livestock operations. Today, we have over a 

century of bison population information on the Northern and Central herds. We analyzed 47 

years of ground count data together with 51 years of aerial count data to investigate changes 

in population growth rates. We used piecewise log-linear analysis of count data to estimate 
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the population growth parameter A during periods of uninterrupted growth, and we used a 

series of ratio estimators to estimate A during periods in which frequent removal occurred. 

We also examined effects of snowfall, summer precipitation, and elk population numbers on 

population growth rates of bison. Our research provides a context to interpret controversial 

bison movements outside the park and demographic evidence that bison have changed their 

spatial use patterns within YNP. 

IDENTIFICATION OF FuNCTIONAL CORRID ORS WnH MovEMENT 
CHARACTERISTICS OF BROWN BEARS ON THE KENAl PENINSULAT\\� 

Tabitha A. Gravesn, College of Forestry and Conservation, University of Montana, Missoula, MT 598 I 2 

Sean Farley, Division of Wildlife Conservation, Alaska Department of r:1sh and Game, 333 Raspberry 

Rd., Anchorage, AK 99518 

Michael I. Goldstein, Alaska Region, USDA Forest Service, P.O. Box 21628, Juneau, AK 99802 

We describe a technique to identify functional corridors w,ing animal movement 

characteristics across a landscape. We use G PS locations from brown bear<, ( Ursu.\ arc tm) 

on the Kenai P eninsula to illustrate the technique. We derived movement density, movement 

speed, and angular deviation of movement from paths drawn between locations and use a 

cluster analysis to classify the landscape into non-habitat, primary habitat, and corridors. 

We examined differences among landscape types with a classification tree. We assess the 

influence of frequency of locations and scale on the number and size of corridors identified. 

This corridor identification technique will help managers move beyond the theoretical 

discussion of corridors and linkage zones to management of landscape features to preserve 

connectivity. 

WHY DID THE TURTLE CRoss THE RoAD? CoNSEQUENCE OF 

HABITAT FRAGMENTATION ON A PAINTED TURTLE POPULATION ms

Kathleen A. Griffin, Wildlife Biology Program, University of Montana, Missoula, MT 59812 

Human-induced fragmentation of landscapes is a major threat to specie. conservation. 

Highways and other road systems can affect wildlife populations directly through highway 

mortality and indirectly through habitat loss and decreasing habitat connectivity. Semi­

aquatic turtles are especially vulnerable to this type of fragmentation because they use 

terrestrial landscapes for nesting and seasonal movements but have limited ab1lit1es to move 

effectively across the landscape. Although it is widely believed that freshwater turtle<; have 

declined in abundance due to habitat loss and fragmentation, few quantitative <;tudies have 

documented such a relationship. I'm studying the effect of human-induced fragmentation on 

a population of western painted turtles (Chrysemys pie ta be/Iii) in a wetland ecOS)-'>tem in the 

Mission Valley, Montana. Fragmentation is likely to increase given pending recon<;truction of 

U.S. Highway 93, which bisects this network of wetlands. Current effects of the highway on 

turtle population demography and connectivity are unknown. I characterized demographics 

of the turtle population by estimating pond-specific abundance, sex ratios, and stage-class 

structure. To gain an understanding of the level of connectivity, movement patterns and road 

mortality rates will also be examined. Summarizing all 3 yrs of fieldwork (2002-2004), I 

marked a total of 2302 individuals and have recorded >10,200 captures. All ind1v1duals were 
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measured, weighed, tagged, and released into the original pond of capture. I've recorded 841 

males, 783 females, and 678 juveniles (sex undetermined). Preliminary results of the road 

mortality data indicated I 043 turtles were killed during the study. 

IMPACTS OF TOURISM ON BEHAVIOR AND DEMOGRAPHY OF 
OLYMPIC MARMOTSl'WS

Suzanne Cox Griffin and L. Scott Mills, Wildlife Biology Program, School of Forestry and Conservation 
University of Montana, Missoula, MT 59812 

Tanguy Valois, Institut National Agronomique Paris-Grignon, 16 rue Claude Bernard 75005 Paris, France 

Mark L. Taper, Department of Ecology, Montana State University, Bozeman, MT 59717 

Relatively little is known about the impacts of hiking and other recreation on small 

mammals, whose size and life-history may constrain their responses to disturbance. We tested 

for effects of recreation pressure on survival and reproduction in Olympic marmots (Marmo/a 

olympus), a large ground-squirrel that has disappeared from several areas of high human 

activity levels. We assessed the degree to which anti-predator and foraging behavior and 

demographic rates differed between heavily visited and unvisited sites. Marmots at heavily 

visited sites displayed behavioral signs of habituation; they allowed hikers to approach 

significantly closer before retreating to their burrows, and remained in their burrows for less 

time after disappearance of hikers. During two-minute focal observation periods, heavily 

visited marmots looked up more often while foraging although length of each look was the 

same as that seen in unvisited marmots. By foraging longer, visited marmots did not appear to 

compensate for this difference. In support of the assumption that energy intake is not limited 

by human disturbance, marmots at both types of sites had comparable reproductive rates and 

were in similar body condition as measured by seasonally adjusted body mass. Survival rate 

estimates for radio-tagged marmots appeared only slightly higher at the low-visitation sites. 

All these results are consistent with the hypothesis that marmots adjust their behavior to 

accommodate current levels of tourism without incurring a demographic penalty; however, 

the possibility that high visitation may decrease marmot survival rates should be investigated 

further. 

B A T UsE OF HtGHWAY BRIDGES IN SouTH-CENTRAL MoNTANAT
W
s 

Paul Hendricks, Susan Lenard, Coburn Currier, and Joseph Johnsonn, Montana Natural Heritage 
Program, 1515 East 6th Avenue, Helena, MT 59620-1800 

Bat use was evident at 78 of 130 highway structures examined during summer 2003 in 

Carbon, Stillwater, and Yellowstone counties, Montana; 66 were used apparently exclusively 

for night roosting, and 12 were day roosts. Use of highway structures was widespread among 

highway categories (Interstate: 73.2%, Primary: 47 .2%, Secondary: 57. I%, Local/State 

Maintained: 60.0%). Day roosts were found in all system categories, but relatively more so 

in the Local/State Maintained category, and all maternity colonies ( 4) were in this category. 

Use of bridges and intensity of use at night roosts were generally unrelated to landscapes 

within 3 km ( 1.86 mi) of structures. Only mean percent forest cover was significantly greater 

around day roost structures, but substantial overlap among unused, night roost, and day roost 

categories indicated the pattern was a trend and not the major influence on structure use by 

bats. All day roosts were found within 8 km (5 miles) of riparian corridors. Bats used 75.9 

percent of concrete structures, 37.5 percent of steel structures, and 31.6 percent of wooden 
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ones. Day roosts were not found in steel structures; three of four maternity colonies were 

in wood bridges. Slab bridges were the least preferred concrete spans. Day roosting srte in 

concrete bridges included accessible expansion joints between cast-in-place and T-beam bridge 

sections, the longitudinal slots on the underdeck of parallel box-beam structures, and the space 

between two abutting bridge lanes. Day roosts in wood bridges included the narrow space 

between parallel girders, and spaces between wood supports under the deck where railing posts 

were anchored. 

DEVELOPMENT AND APPLICATION OF A MASS ESTIMATION METHOD: 

WEDDELL SEALS As A CASE STuDv1ws 

Darren S. Ireland, Robert A. Garrott, and Jay Rotella, Department of Ecology, Montana State Unn,ers1ty, 

Bozeman MT 59717 

Jeff Banfield, Department of Mathematical Sciences, Montana State University, Bo7eman, M'I 59717 

In contrast to terrestrial systems where abundance of food resources of large predators is 

generally easily monitored, food resources of large marine predators arc difficult to monitor. As a 

surrogate measure of marine predator food availability, researchers have used both direct and 

estimated measurements of body morphometrics and mass. However, subsequent uses of 

estimated mass measurements have failed to explicitly incorporate error variance around 

estimated values. Using the Weddell seal (Leptonychotes weddellii) population in Erebus Bay, 

Antarctica, we present development of a mass estimation method and techniques that incorporate 

prediction error variance around mass .estimates. The equipment and procedures were developed 

for estimating mass of Weddell seals by taking morphometric measurements from digital 

photographs. Mass measurements were collected following initial photographic sampling so that 

regression models correlating known mass with photogrammetric measurements could be built. 

To select the model with the narrowest prediction intervals, we used predicted sum of squares 

(PRESS) as the model selection criteria. Resulting regrcssron models predict mass of adult female 

seals to within± 13.8 percent of estimated mass, and J: 25.9 percent of estimated mass for pups. 

Differences in mass transfer between 7 experienced and 3 inexperienced maternal females and 

their pups were successfully tested using explicit incorporation of prediction error variance 

around mass estimates. We suggest that f uturc use of mass estimations should include prediction 

error variance and that these techniques be used to explore links between variation in population 

parameters of the McMurdo Sound Weddell seal population and environmental variation. 

EVALUATION OF HUNTER MANAGEMENT STRATEGIES UTILIZED Bv 

MoNTANA'S BLOCK MANAGEMENT PROGRAM rns 

Kelvin R. Johnson and Jim R. Satterfield, Montana Fish, Wildlife and Parks, Rural Route 1-4210, Glasgow, 

MT 59230 

Robert A. Garrott, Ecology Department, Montana State University, Bozeman, MT 59717 

Dean Lueck, Department of Agricultural and Resource Economics, University of Arizona, Tuscon, AZ 

85721-0023 

The Block Management Program, initiated in 1985, was implemented to encourage private 

landowners to provide free public hunting accc s. Currently, the program is very successful 

with> 1200 landowners enrolling >8.7 million acres, and providing> 400.000 hunter days of free 

public hunting. Surveys were sent to 423 landowners (303 returned) and 
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1636 hunters (976 returned) to evaluate current perceptions of block management area (BMA) 
users. Preferences, expectations, and satisfaction levels were determined by calculating 
frequencies and means using SAS 8.2. Landowners were satisfied with permission methods 
used, numbers of hunters received annually, and hunter limit and travel restriction rules 
utilized, but satisfaction levels differ when comparing relative game abundance and harvest 
success between geographic regions. Hunters are very successful in gaining pennission to 
BMAs and are satisfied with travel restrictions encountered, but satisfaction levels differ when 
comparing amounts of other hunters seen, game abundance, and harvest success between 
BMA types and geographic regions. Program success is evident by levels of satisfaction with 
various hunter management tools evaluated by this study, but some areas need improvement. 
This study identified management strategies that should be continued and strategies that 
can be improved on existing BMAs. It also provided insight for designing strategies that 
meet specific preferences and expectations of program users when developing new BM As. 
Implementing these findings will allow the Block Management Program to become an even 
greater success in providing free public hunting access to private land than it is today. 

DEVELOPING A 4-H WILDLIFE PROGRAM IN MONTANAT
WS 

Carolyn M. Johnson-Nistler and James E. Knight, Department of Animal and Range Sciences, Montana 

State University, Bozeman, MT 59717 

There is no existing wildlife habitat educational program offered to Montana youth. 
Montana 4-H'ers excel in livestock raising and judging, sewing, foods, demonstrations, and 
even skateboarding. Unfortunately, the state with the greatest wildlife diversity in the lower 
48 has a very under-developed wildlife program. Nationally, 30 states have participated in 
the 4-H Wildlife Habitat Evaluation Program (WHEP), a program currently unavailable to 
Montana youth. The MSU Extension Wildlife Program has received a number of e-mails 
and telephone calls indicating a need for a well-developed wildlife program offered through 
the framework of Montana 4-H. In June 2004, a state committee was formed to address this 
concern, and the result is the Montana 4-H Wildlife and Habitat Education Program. Montana 
4-H WHEP will help youth strengthen self-concepts and character through interaction with
other young people. It will teach essential life skills such as oral and written communication,
critical thinking, teamwork and decision-making. Montana 4-H WHEP will foster
relationships between professional wildlife and fisheries biologists, volunteers, parents, youth,
teachers, farmers and ranchers. The mission of Montana 4-H WH EP is .. . to foster critical

thinking and development of life skills through exposure of various concepts of wildlife 

management, including: wildlife biology, population management and habitat requirements 

and enhancement. 

WILDLIFE ABUNDANCE IN REPONSE To LEAFY SPURGE CONTROL 
WITH SHEEP T

WS 

Carolyn M. Johnson-Nistler, James E. Knight, Marc W. Kenyon, and Roy L. Fenster, Department of 

Animal and Range Sciences, Montana State University, Bozeman, MT 59717 

Although much research has been completed on impacts of cattle grazing on wildlife 
habitat, available information documenting effects of sheep grazing on wildlife habitat is 
limited. In cooperation with the Montana Sustainable Rangeland Livestock Task Force, the 
MSU Extension Wildlife Program began a long-term monitoring effort in 2003 to determine 
impacts on wildlife habitat and wildlife abundance in response to control of leafy spurge with 
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sheep. Data were collected during spring and fall of 2003 and 2004 at 3 locations. Each site 

consisted of a grazed and non-grazed area at which we sampled small mammal abundance 

with Sherman live traps in a mark-recapture protocol. Avian survey were conducted from 

a fixed point at each site. Preliminary results indicated no differences in abundance of 

small mammals and birds after the first year of sheep presence. In 2003, leafy spurge was 

reduced by an average of 61 percent in areas where sheep grazed. Vegetative data will also 

be used to evaluate forage availability for large ungulates. Although sheep grazing has been 

demonstrated to be an effective and economical means of controlling leafy spurge, what effect 

this may have on wildlife habitat remains unclear. Trends in wildlife populations will not 

become apparent immediately following grazing by sheep as native plant communities may 

take years to recover after removal of an invasive weed. 

CARN1voRE CONSERVATION TRusT: A MODEL FoR Jo,NT 

PRIVATE-GOVERNMENT FuNDINC To CoNsERVE AND MANACE 

CARNIVORES IN NORTH AMERICAIWS 

Timmothy J. Kaminski, Mountain Livestock Cooperative, P.O. Box 742, Bozeman, MT 59771 

Wayne D. Owens (D-Utah), (deceased). 

James F. Gore (retired), National Grizzly Bear Habitat Coordinator, USDA Forest Service, Missoula, 

MT 59801 

Support for restoring and conserving carnivores within wildland areas of Canada, 

the U.S., and Mexico is significant, and many citizens value carnivores as an integral part 

of ecosystems. Despite this support, cost of recovery and management of carnivores is 

increasingly difficult for federal, provincial, and state wildlife agencies, and discretionary 

funds for wildlife including imperiled species have declined. Firearm sales proceeds allocated 

for traditional big game management and research on harvestable populations used for non­

game wildlife including protected carnivores has met resistance from wildlife officials, and 

hunting constituencies in states and provinces where large wildland enclaves for managing 

wide-ranging and rare carnivores remain intact. For carnivore conservation to succeed, we 

believe funding must be consistent and comprehensive in scope, addrcss practical problems 

and solutions that sustain and conserve both humans and carnivores, be capable of shaping 

and improving management policies over time, and be equitable to diverse community 

interests. To enjoin public support with federal, provincial, and state efforts for carnivore 

research, management, and public education, we propose a joint private-government stamp for 

meeting carnivore conservation costs. We suggest this effort be modeled similar to the 

conservation program for waterfowl in Canada and the U.S., e.g. North American Waterfowl 

Management Program, and be international in scope. We use geographically separate wolf 

conservation efforts across the United States, Canada, and Mexico to elucidate how funds 

from a Carnivore Trust and Conservation Stamp could be generated from joint private-public 

investments and applied to carnivore conservation and management in North America. 
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CONSERVATION OF NATIV E CANADA LYNX IN NORTHWEST 
WYOMING: PROMISE AND PITFALLS OF AGENCY MANAGEMENrrws 

Timmothy J. Kaminski, Mountain Livestock Cooperative, P.O. Box 742, Bozeman, MT 59771 

Sarah R. Dewey, P.O. Box 12, Moose, WY 83012 

Barbara M. Franklin, P.O. Box 378, P inedale, WY 82941 

Robert A. Oakleaf, Wyoming Game and Fish Department, Lander, WY 82520 

Canada lynx (Lynx canadensis) were listed in 2000 as a threatened species, owing 
in part to a lack of provisions in agency land management plans for lynx protection and 
conservation. Effective implementation of the Endangered Species Act (ESA) depends 
heavily upon commitment of federal agencies to enforce its provisions. We evaluated 
implications of ongoing and proposed timber sales and recreation management on a 
Canada lynx subpopulation on the Bridger-Teton National Forest in the Wyoming Range of 
northwestern Wyoming. Although distant from established lynx populations, historical records 
and distributional patterns suggest that lynx in the Wyoming Range represent an indigenous 
but geographically isolated population that persists, in part, as a consequence of past selective 
harvest of stands that were 'tie-hacked' in the early 1900s. Using a LANDSAT vegetation 
image and relocations of radio-collared lynx ( 1996-2002), we examined patterns of lynx 
habitat use and assessed changes to vegetation due to timber harvest. We suggest that past 
selective timber harvest (tie hacking) was important in developing late successional forests 
that mimic vegetation structure and characteristics found in boreal environments that appear 
important to lynx. We also detail consequences of continuation of traditional timber practices 
that reduce habitat for lynx and their prey. We identify shortcomings of USDA Forest Service 
management that impede wildlife laws and policy, erode ESA effectiveness, and weaken 
science-based resource management. We recommend steps for improving lynx conservation 
on public lands. 

ASSESSING GRIZZLY BEAR POPULATION STATUS AT AN ECOS YSTEM 

SCALE1WS

Katherine C. Kendall, U.S. Geological Survey, West Glacier, MT 59936 

Jeffrey B. Stetz, University of Montana, West Glacier, MT 59936. 

We describe preliminary results from a 2004 study to estimate the size and describe 
distribution of the grizzly bear ( Ursus arctos) population from hair samples found on 
31,400 km2 (7. 75 million ac) in northwestern Montana. Microsatellite analysis of the hair 
will be used to identify individual bears for use in a mark-recapture population model. 
We employed two methods concurrently to sample bear hair. We used a 7x7-km grid to 
systematically distribute 2564 baited hair snag stations. The second approach included 
repeated hair collection visits to a network of 4750 bear rub trees, sign and fence posts, and 
power poles along trails and roads. No lure was used to attract bears to rub objects. During 
4- to 14-day capture sessions, we collected 20,782 hair samples from baited sites. Collections
from rub objects yielded 12,906 hair samples. Extensive fieldwork and logistical planning
were required the previous year to prepare for the large sampling effort. Dedicated quality
assurance staff worked with field crews to ensure consistent application of field protocols.
We describe strategies for working at large scale, such as that 1) methods of coordinating
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activities among the federal, state, tribal, and private entities involved with an 

ecos1stem­scale project, and 2) procedures used during data collection and genetic analysis

prevent, detect, and/or conect errors. We also discussed challenges and recommendations for 

directing 200 widely dispersed field employees and conducting fieldwork on extensi\e tracts 

of pnvate property in remote areas where communication is often limited. 

THE EFFECT OF SNow COMPACTION ON CovoTE ANo LvNx 

WINTER EcoLocvnvs 

Jay A. Kolbe, John R. Squires and Leonard F. Ruggiero, Rocky Mountain Resrnrch Station, USDA 

Forest Service, Missoula, MT 59807 

Dan Pletscher, Wildlife Biology Program, University of Montana, Missoula, MT 59807 

Coyotes (Canis latrans) and Canada lynx (lynx canadensis) arc sympatric throughout 

much of the lynx's southern range. Researchers and managers have suggested that presence of 

compacted snowmobile trails may allow coyotes to access lynx habitat in wmtcr from which 

they would have otherwise been excluded by deep, unconsolidated snow. This could then 

allow coyotes to more effectively compete with lynx for snowshoe hares, the lynx's primary 

prey, throughout the year. We investigated how coyotes interacted with compacted snow trails 

by conducting carnivore track surveys and snow tracking radio-collared coyotes 111 areas 

having both documented lynx presence and moderate levels of recreational snowmobile use. 

Coyotes generally remained in lynx habitat under deep snow conditions(> 1 m) from January 

through March. Coyotes traveled an average of 368 m from compacted snow trails while 

randomly generated and located tracks in the same areas averaged 339 m from compacted 

snow trails. Coyotes were primarily scavengers in winter and feed sites were no closer to 

compacted snow than random expectation. Coyotes neither demonstrated a strong spatial 

affinity for compacted snowmobile trails nor did they prey heavily on snowshoe hares. 

Compacted snowmobile trails unlikely facilitated increased exploitation competition between 

coyotes and lynx for snowshoe hares on our study area. 

URBAN WILDLIFE: A MONTANA 0XYMORON?T
W

s 

Michael Korn, Montana Fish, Wildlife and Parks, 930 Custer Ave. W., Helena, MT 59620 

Expanding residential development into previously uninhabited wild and agricultural 

habitats has created situations in many Montana cities and towns where wildlife population· 

have adapted and thrived in numbers leading to numerous human-wildlife conflicts. Issues 

run the gambit of denuded landscape vegetation and vehicle-animal collisions to outnght 

physical confrontations between wildlife, pets, and people. These situations present a number 

of problems and challenges to conventional methods of wildlife management and also raise 

public safety issues. In 2004 the Urban Wildlife Working Group (UWWG), compnsed of 

FWP staff from across the state, city officials, and interested citizens, was formed wrth the 

aim of developing a framework upon which urban wildlife conflicts could be addressed. The 

primary focus of the Group was deer and associated property damage, vehicle collisions, 

human safety, and disease issues. Although other species were considered, deer were of 

the most immediate concern. The group suggested that proposed management options and 

policies for urban deer management also had potential to effectively manage other species of 

wildlife. This presentation will focus on the roots of urban wildlife issue , how they ha\e been 

approached in Montana as well as other locales across the nation in the past and the findings 

and recommendations of the Urban Wildlife Working Group. 
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HIGHWAY CROSSING AND MORTALITY PATTERNS OF BLACK BEAR 
FOR WILDLIFE PASSAGE PLANNING IN NORTHWEST MONTANATWS 

Karin R. McCoy, Wildlife Biology Program, University of Montana, Missoula, MT 59812, 

karinmccoy@hotmail.com. 

Chris Servheen, University of Montana, Missoula, MT 59812, grizz@umontana.edu. 

Our understanding of the effects of highways on wildlife connectivity is limited due to a 

lack of detailed data on animal movements within transportation corridors. Prior to highway 

construction in my study area, we used hourly locations from GPS collars to (I) analyze 

spatial and temporal characteristics of crossing locations, (2) compare crossing frequencies to 

traffic volumes and crossing speeds to average speeds, (3) compare crossing behavior among 

classes of bears, and ( 4) assess the spatial distribution of crossing, road-kill, and planned 

passage locations. Results indicate that adult females and subadult males crossed highways 

more frequently than adult males. Both food-conditioned and non food-conditioned bears 

crossed highways, but food-conditioned bears crossed more frequently. Logistic regression 

analyses revealed that the odds of a bear crossing was more likely (I) at night, 2) near stream 

intersections and areas with higher stream density, (3) in open habitat areas closer to cover or 

areas with a higher percentage of cover within 200 m, and 4) closer to human development. 

Crossing activity was highest when movement rates were lowest and negatively correlated 

with traffic. Speed during crossings was higher than during non-crossing times. Crossing and 

road-kill locations were clustered. Crossings were significantly closer to road-kill and planned 

passage locations than random locations. Highways served as a partial barrier to wary bears, 

which crossed seldom-to-none, but were fully permeable to food-conditioned bears, which 

crossed frequently. Food-conditioned bears, however, carry a higher mortality risk due to an 

increased likelihood of management removal or vehicle collision. 

FACTORS AFFECTING SURVIVAL OF FEMALE GREATER SAGE GROUSE 
IN SOUTH PHILLIPS COUNT Y, MONTANA, 2001-2004TWs

Brendan J. Moynahan 1 and Jack Ward Thomas, Boone and Crockett Wildlife Conservation Program, 

College of Forestry and Conservation, University of Montana, Missoula, MT 59803, 

jwt@forestry.umt.edu 

Mark S. Lindberg, Wildlife Biology Program, College of Forestry and Conservation, University of 

Montana, Missoula, MT 5980)2 

Populations of greater sage grouse (Centrocercus urophasianus) have declined by 69-

99 percent from historic levels. We radio-collared 237 female sage grouse and measured 

426 vegetation plots at 4 sites during 2001-2003 on a 3200-km2 landscape in north-central 

Montana. We examined the relationship between hen survival and a suite of landscape-

scale habitat and environmental conditions. Program MARK was used to model monthly 

survival rates for 11 seasonal intervals as influenced by a variety of habitat and environmental 

explanatory variables. Hen survival varied by season within years and by year within seasons. 

Nesting hens have higher breeding-season survival than non-nesting hens, and individuals 

at one site had lower hunting-season survival than at other sites. Although we presume hen 

'Present address: Maxim Technologies, Inc., 303 Irene Street, I lclena, MT 59601 
2 Present address: Department of Biology and Wildlife and Institute of Arctic Biology, University of Alaska­

Fa1rbanks, P.O. Box 757000, Fairbanks, AK 99775-7000 
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survival to be high and vary little relative to other gallifonns, we observed considerable 
variation. Process variation was 0.255 with an expected range of annual sun, ival of 0.12-
1.0. The ratio of process to total variation was 0.999, indicating that observed variation was 
real and not attributable to sampling variation. We observed a 4-fold difference in maximum 
and minimum annual survival, ranging from 0.96 for nesting birds in 2001-2002 to 0.24 
for non-ne ters in 2003-2004. Low annual survival in 2003 reflects compounded effects 
of a West Nile virus outbreak in August and a severe winter of2003-2004. Increased hen 
mortality associated with severe winter weather contrasted with a prior belief that sage 
grouse populations are typically unaffected by winter weather conditions and underscores the 
importance of protecting winter sagebrush habitats. 

FACTORS INFLUENCING NEST sURV I VAL AND PRODUC TIVITY OF

LEWIS'S WOODPECKERS BREEDING IN ASPEN RIPARIA 

WoooLANDsTWs 

Karen R. ewlon and Jay J. Rotella, Department of Ecology, Montana late niversity. Bozeman, Ml 

59717 

Victoria A. Saab, USDA Forest Service, Rocky Mountain Research Station, Bozeman, Mr 59717 

We initiated a study in 2002 to determine factors influencing nest survival and 
productivity of Lewis's Woodpeckers (Melanerpes lewis) breeding in aspen riparian 
woodlands in south-central Idaho. Lewis's Woodpecker, a sporadically distributed but often 
locally abundant species, breeds primarily in burned pine and riparian forests throughout 
the western United States. Although information is available on reproductive success and 
productivity in burned pine and cottonwood habitats, importance of aspen riparian woodlands 
as breeding habitat has not been explored for this species. Whereas aspen woodlands arc used 
to a lesser degree than other habitats, they provide valuable breeding habitat for thi'> species 
throughout the lntermountain West. We determined nest fate, i.e., fledge or failure, for 76 
nests monitored during the breeding seasons of 2002-2004. We constructed an a priori model 
list to assess covariate(s) that best explained nest survival. We modeled daily survival rate of 
nests as a function of several covariates including nest initiation date, nest age, year, weather, 
nest site characteristics, and a linear time trend using a generalized linear models approach. 
The model receiving the strongest support indicates nest survival decreased for nests initiating 
late in the season and increased with increasing minimum daily temperature. High overall 
nest survival (74%) and high nest productivity (2.3 fledglings/successful nest, n = 59 nests) 
suggested that aspen riparian woodlands may provide potential source habitat for Lewis's 
Woodpecker. 
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COMMON LOON BREEDING ECOLOGY AND POPULATION STATUS 
IN NORTHWEST MoNTANA1ws 

Justin Paugh, Jay Rotella and Dave Willey, Fish and Wildlife Management Program, Department of 

Ecology, Montana State University, Bozeman, MT 59717 

Gael Bissell, Montana Department of Fish, Wildlife and Parks, 490 N. Meridian Rd. Kalispell, MT 

59901 

Approximately 200 adult common loons (Gavia immer) migrate to northwest Montana 

each spring from wintering grounds on the Pacific Ocean. They produce an average of 30-

50 chicks each spring. Rapid increases in lakeshore development and recreation activity on 

many northwest Montana lakes prompted Montana Fish, Wildlife and Parks to list common 

loons as a sensitive species. Loons are habitat specialists, thus lakeshore development and 

recreation may be leading to decreased nesting opportunities and lower loon chick production 

on area lakes. Biologists and managers from state, federal, and private entities joined to form 

the Common Loon Working Group. Their goal was to coordinate population monitoring and 

guide research and management activities. State Wildlife Grant funding was awarded to fund 

research in an effort to better understand relationships between physical lake characteristics, 

human use factors, and loon nesting ecology. An ongoing loon-banding program has also been 

initiated in Montana. Preliminary results regarding nest success, chick survival, and lakes 

monitored were presented. Hypotheses concerning effects of development and recreation 

activity on nest success and chick survival were discussed. Significant observations from the 

loon banding project including breeding and wintering re-sightings as well as plans for future 

research in Montana were presented. 

PRAIRIE Doc CONSERVATION IN MONTANA: PAST, PRESENT AND 
FUTURETWS 

Allison Puchniak, Montana Fish, Wildlife and Parks, 2300 Lake Elmo Drive, Billings, MT 59105 

Heidi Youmans, Montana Fish, Wildlife and Parks, Helena, MT 59620, hyoumans@mt.gov 

Kristi DuBois, Montana Fish, Wildlife and Parks, Missoula, MT 59804, kdubois@mt.gov 

Coordinated prairie dog conservation began in Montana during the mid 1980s with a 

survey of prairie dog colonies in eastern Montana and publication of an annotated prairie 

dog bibliography in 1986 by the Montana Black-footed Ferret Working Group (MPDWG). 

These actions were undertaken with a desire to manage prairie dogs for re-introduction of 

the endangered black-footed ferret. In response to the social and biological complexities 

of prairie dog management, the Montana Prairie Dog Working Group was formed in 1996. 

Participants in the MPDWG include the full spectrum of viewpoints on prairie dogs (state 

and federal agencies, tribal representatives, business people, private landowners, non­

governmental organizations). The MPDWG worked collaboratively to develop the prairie dog 

conservation plan for Montana (2002) and continues to support implementation of this plan. 

Current efforts and accomplishments include a local prairie dog planning effort in NC and NE 

Montana, developing a statewide prairie dog monitoring strategy and a feasible landowner 

incentive program, and establishing a Translocation Protocol guiding all future translocations 

of prairie dogs. The USDI Fish and Wildlife Service issued a finding of "warranted but 

precluded" for the black-tailed prairie dog in February 2000 and removed the species from 

further consideration for listing in 2004 under the Endangered Species Act (ESA). A petition 
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to list white-tailed prairie dog was deemed "not warranted" in 2004. In the face of concern 

about implications of listing under the ESA, widely divergent perceptions of prairie dogs as 

either destructive pests or ecosystem engineers, and declines of species that are associated 

with prairie dog colonies, the MPDWG continues an interesting, collaborative effort to 

promote prairie dog conservation. A discussion of the history of prairie dog conser vation and 

associated social, biological, and political challenges were presented. 

SNOWSHOE HARE FECAL PELLET DEPOSITION AND DISAPPEARANCE 
RATES NEAR SEELEY LAKE, MONTANAT

WS

Pilar Rivera and Daniel Pletscher, Wildlife Biology Program, Department of Ecosystem and 

Conservation Sciences, University of Montana. Missoula, MT 59812, pilar.rivera(Zv,umontana.edu; 

dan.p1etscher@umontana.edu 

We investigated fecal deposition and disappearance rates of snowshoe hare (Lepus 

americanus) in the Seeley-Swan area of western Montana to evaluate whether the deposition 

rate was comparable across forest types ( diets), years, and seasons, and whether the 

disappearance rate was comparable over the landscape. These rates may be contributing to the 

variation causing low precision when the Krebs method is applied in Montana, and affecting 

the power of regression analysis to predict estimates of population densities. Weak locally­

derived equations compromise the validity and generality of an assumed strong relationship 

between hares and pellets at the southern extension of their geographical range. We collected 

depositional data from 49 captive hares and found mean daily production was similar between 

diets (western larch [larix occidentalis], Douglas-fir [Pseudotsuga menziesii]) and years 

(2002-03, 2003-04) but was differed (P :::; 0.025) between seasons (summer, winte)-. An adult 

hare feeding on either diet, regardless of year, deposited 575 ± I 08 (mean± I SD) pellets/day 

during summer and 467 ± 82 pellets/day during winter. We monitored pellets in the field and 

found the disappearance rate between pellet types (summer, winter) differed (P = 0.020), but 

disappearance was similar across the landscape within a pellet type. From October 2002 to 

August 2003, 90 percent of both pellet types remained, while 57 percent of summer pellets 

and 72 percent of winter pellets remained at the last count in June 2004. This information 

has influential implications for implementing the Krebs protocol and performing regression 

analysis, and advances in hare research benefit its specialist predator, the threatened Canada 

lynx (Lynx canadensis). 

THE IMPACTS OF THE FOREST HIGHWAYS PROGRAM O WILDLIFE 
AND WILDLIFE HABITAT: A GROWING THREATT

W
S 

Christopher Servheen, USDI Fish and Wildlife Service, College of Forestry and Conservation, 

University of Montana, Missoula, MT 59812, grizz@umontana.edu 

Gayle Joslin, Montana Fish, Wildlife and Parks, Helena Area Resource Office, Helena, MT 59620-0701 

gjoslin@mt.gov 

We believe the Federal Highway Administration's Forest Highway Program will have 

serious, ongoing detrimental impacts on wildlife, fisheries, and ecosystems across public 

lands in the west and operates contrary to ongoing efforts to assure healthy ecosystems. 

About 29,000 mi of State and local roads are designated as Forest Highways in the United 

States. The Forest Highway Program is promoted to provide "safe and adequate access to and 

through National Forest System (NFS) lands for visitors, recreationists, resource users, and 
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others that is not met by other transportation programs." The term "Forest Highway" means 

a forest road under the jurisdiction of, and maintained by, a public authority and open to 

public travel. Forest Highways are to "assist . . . economic development and promote tourism 

and travel." The 2003 budget for Forest Highways was $162.4 million. USDA Forest Service 

Chief Dale Bosworth identified 4 threats to national forests and grasslands: ( 1) fire and 

fuels, (2) invasive species, (3) loss of open space, and (4) unmanaged recreation. The Forest 

Highways Program will directly contribute to increases in all these categories. Motorized 

access management is one of the most contentious issues in public land management. The 

impacts of Forest Highway Program paving and "improvement" on public lands wi II (I) 

increase traffic and traffic speeds, increase recreational impacts through developments like 

campgrounds, (2) increase direct wildlife and fish mortality due to increased human presence, 

and (3) fragment populations and habitats. Impacts will be more serious where public lands 

are intenningled with private lands. Paving forest roads in areas of intermingled ownership 

will likely increase subdivision, with all its well-known problems, as people find it easier 

to commute to and from homes on high-speed, paved roads. We suggest that application of 

the Forest Highways Program be reconsidered. We believe that this program and funding 

for this program should properly be viewed as a threat to healthy ecosystems and healthy 

wildlife communities rather than a benign program to assist rural and community economic 
development. 

FACTORS INFLUENCING WILDLIFE USE OF UNDERPASSES AND 

CULVERTS ALONG 1-90 IN WESTERN MoNTANA1ws 

Rebecca Shoemaker, College of Forestry and Conservation, University of Montana, Missoula, MT 

59812, okoshono@hotmail.com 

Christopher Servheen, USDI Fish and Wildlife Service, University of Montana, Missoula, MT 59812, 

grizz@forestry.umt.edu 

Underpasses and culverts have potential to mitigate negative impacts of roads by 

maintaining connectivity between populations and decreasing wildlife collisions with 

vehicles. Knowledge regarding factors affecting wildlife use of highway crossing structures 

allows managers and planners to make informed decisions regarding highway mitigation 

efforts. Using heat and motion sensitive cameras, we monitored 7 underpasses and 3 culverts 

for 1 year along Interstate 90 (1-90) in western Montana. We assessed wildlife use of crossing 

structures in relation to surrounding variables such as human presence, topography, and 
distance to hiding cover. We obtained 1658 wildlife photos at underpasses and 52 photographs 

of animals in culverts. Primary users of underpasses were ungulates, 3 black bears, and 5 

coyotes. Although terrain funneled ungulates toward underpasses, ungulate use of underpasses 

was not related to human structures or hiding cover. Infrequent carnivore use at underpasses 

may indicate that they use crossing structures opportunistically. 
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How DoEs HARVEST MORTALITY AFFECT SAGE GROUSE 

POPULATION DYNAMICS?TWs 

Jenny Sika and Jay Rotella, Fish and Wildlife Management Program, Department of Ecology, Montana 

State University, Bozeman, MT 59717, jsika@montana.edu 

Jay Newell, Montana Fish, Wildlife and Parks, 1425 2nd St. W., Roundup, MT 59072, 

j newel l@midrivers.com 

Sage grouse (Centrocercus urophasianus) have been extirpated in five states and one 

province, and their populations have reportedly declined over the remainder of their historical 

range. Many studies have been conducted to determine rates of reproduction and survival, 

but the effects of hunting on population dynamics of sage grouse has been less studied. Both 

additive and compensatory mortality hypotheses have been suggested as factors alTecting 

harvest mortality rates of sage grouse, but compelling evidence for either hypothesis is 

lacking. To assess the effect of harvest on population dynamics and the relationship between 

harvest and these competing hypotheses, we began radio-marking and monitoring sage grouse 
on two sites, one open and one closed to hunting, in south-central Montana during spring 

2003. We have been monitoring the level, timing, and, whenever possible, the causes of 

female mortality from spring through the end of hunting season each year. We also monitored 

reproductive effort and success in these birds to allow us to compare productivity between 

the two sites, which will especially be of interest should we find evidence that density was 

reduced by harvest on the hunted site. Results to <;late were presented regarding levels of 

female mortality during hunting season, breeding effort and success, and overall mortality of 

females during the first 2 of 3 years of study. Useful future research regarding the effects of 

harvest on sage-grouse populations was discussed. 

FROM LEMONS To LEMONADE: THE STATE OF GRAY WoLF 

CONSERVATION AND MANAGEMENT IN MoNTANAT
W
s 

Carolyn A Sime, Montana Fish, Wildlife and Parks, 1420 E. 6th Ave, Helena, MT 59624 

Edward E. Bangs and Joe Fontaine, USDl Fish and Wildlife Service, 100 N. Park, Suite 320. Helena, 

MT 59601 

Val Asher, Turner Endangered Species Fund, 1123 Research Dr. Bozeman, Montana 59718 

Liz Bradley, Montana Fish, Wildlife and Parks, 730 N. Montana, Dillon, MT 59725 

Kent Laudon, Montana Fish, Wildlife and Parks, 490 N. Meridian Rd., Kalispell, Montana 59901 

Mike Ross, Montana Fish, Wildlife and Parks, 1400 S .  19th, Bozeman, MT 59718 

Jon Trapp, Montana Fish, Wildlife and Parks, P.O. Box 1756, Red Lodge, MT 59068 

This winter marks a milestone. Ten years have passed since gray wolves were 

reintroduced into Yellowstone National Park and the central Idaho wilderness. Whereas 

biological criteria for recovery in the northern Rockies have been met or exceeded since 2000, 

approved management plans are required from Montana, Idaho, and Wyoming in order for 

the USDI Fish and Wildlife Service (USFWS) to propose deli sting. Lack of an approved plan 

from Wyoming postpones delisting. Meanwhile, wolf numbers and distribution in Montana 

and across the northern Rockies have expanded since the early 1980s, both due to natural 

recolonization in northwest Montana and immigration from Yellowstone ational Park and 

central Idaho. The State of Montana has begun taking advantage of provisions in federal 
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regulations that make it possible for Montana Fish, Wildlife and Parks (FWP) to become 
a designated agent of the USFWS. In finalizing cooperative agreements for the northwest 
Montana "threatened" area and the "experimental" area across southern Montana, FWP has 
begun implementing as much of the state's approved wolf conservation and management 
plan as allowed by federal regulations. Making lemonade symbolizes the beginning of the 
transition from a federal species recovery effort to long-term conservation and management 
led by FWP and eventual delisting. 

MOVEMENTS OF LYNX AT MULTIPLE SCALES IN NORTHWEST 
MONTANA: PRELIMINARY RESULTsnvs 

John R Squires, Leonard F. Ruggiero, Nicholas J. DeCesare, and Jay Kolbe, Rocky Mountain Research 

Station, USDA Forest Service, 800 E. Beckwith, Missoula, MT,jsquires@fs.fed.us 

The future of the Canada lynx (lynx canadensis) likely rests on multi-scale management 
for healthy and connected populations. To best direct such management, we are studying 
lynx movement at local and landscape scales with the following objectives: 1) describe lynx 
dispersal in terms of extent, timing, and crossings of natural and anthropogenic barriers; 
and 2) determine how lynx movements correlate to changes in local and landscape scales 
of habitat pattern. In 2003 we supplemented our studies in Seeley Lake, Montana with a 
new study area in the Purcell Mountains of northwest Montana. After first delineating the 
local distribution of lynx based on snow-track surveys, we deployed two forms of satellite 
telemetry to monitor lynx movements across spatial scales. Dispersal is a landscape-scale 
phenomenon that we are studying with ARGOS-based satellite telemetry, allowing us to 
remotely track dispersal movements. Currently, only ARGOS collars are suitable (110 g) for 
tracking kittens (9 month-olds). During the winter of 2003-2004, we instrumented 10 lynx 
kittens across both study areas with ARGOS collars; we are currently deploying additional 
ARGOS collars in 2005. To track local movements, we deployed a lightweight (~200g) store­
on-board, GPS collars. In 2004, we tested this technology by deploying and retrieving data 
from collars placed on 2 males this winter. Preliminary data suggest GPS collars will provide 
lynx location data of greater quality and quantity than previously possible. We are currently 
deploying additional GPS collars on lynx in 2005. 

ELK UsE OF FORAGE AND CovER IN RESPONSE To WILDFIRE AND 
SEVERE SNOW CoNDITIONsnvs 

Michael J.Thompson, Montana Fish, Wildlife and Parks, 3201 Spurgin Road, Missoula, MT 59804 

G. Ross Baty, Montana Department of Natural Resources and Conservation, 2705 Spurgin Rd.,

Missoula, MT 59804

C. Les Marcum, School of Forestry, University of Montana, Missoula, MT 59812

Managers lack ecological context for applying recent experimental evidence that penned, 
fed elk (Cervus elaphus ne/soni) in northeastern Oregon did not benefit from forested thermal 
cover during winter. We offer additional context, based on measures of cover and forage use 
by a wild, free-roaming elk population from 1988 through 2004 on the Blackfoot-Clearwater 
Wildlife Management Area in western Montana. A 2250-ha wildfire in October 1991 and 
severe winter in 1996-1997 allowed us to assess the effects of stochastic variation in forage 
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availability and energy costs of foraging. Predictable availability of forage and space during 

early winter in the rangeland vegetation type was more important than non-forest shrub 

and forest types in shaping the normal winter home range of this elk population. However, 

herbaceous and shrub forages in non-forest types were most vulnerable to decreasing 

availability due to deep and/or crusted snow during the course of most winters, which was 

not alleviated with forage enhancement ( e.g., the 1991 bum). Elk were confined to forest 

types throughout the severe winter. We posit that energy costs of foraging play an overarching 

role in determining the use of habitat components by wintering elk, and that forest stands are 

important to mitigate for a normal range of environmental restrictions in forage availability. 

We recommend forest management practices on elk winter ranges that maintain and recruit 

a mix of shade (to minimize snow crusting), snow intercept, understory forage, lichen 

production and litter-fall, and microsite components of thermal cover such as large-diameter 

boles and dense thickets. 

WoLF DEN SITE SELECTION IN THE NORTHERN RocKY MouNTAJNS T\\� 

Jon R .Trapp 1
, I Environmental Studies Graduate Program, Prescott College, Prescott, AZ 86301 

Paul Beier, Wildlife Ecology and Conservation Biology, Northern Arizona University, Flagstaff, AZ 

86011 

Curt Mack, Gray Wolf Recovery Project, Nez Perce Tribe, P.O. Box 1922, McCall, ID 83638 

David R. Parsons2, 2 Environmental Studies Graduate Program, Prescott College, Prescott, AZ 8630 I 

Paul C .  Paquet, University of Calgary, Canada 

Because mortality of wolves (Canis lupus) is highest during the first 6 months of life, 

den site selection may affect reproductive success of wolf populations. We studied fine-scale 

denning habitat selection (::; I 00 m of den sites) by comparing field-measured characteristics 

of 22 dens in Idaho, Montana, and Canada with paired random contrast sites within pack 

home ranges. In order of importance, wolves denned in areas that had greater canopy cover, 

hiding cover, herbaceous ground cover, and woody debris, and were closer to water than 

paired random sites. These factors suggest selection for physical protection and a readily 

available water source around den sites. We also compared 35 wolf dens to 35 paired contrast 

sites in Idaho, Montana, and Yellowstone National Park with respect to 6 remotely-sensed 

variables (elevation, slope, coniferous forest cover, solar radiation, distance to water, and 

distance to roads). We found no significant (P < 0.10 univariate) contrasts in the remotely­

sensed variables, suggesting that some important variables can only be measured in the 

field. Nonetheless, a multivariate model based on the Mahalanobis distance with 4 of these 

remotely-sensed variables slope, elevation, coniferous forest cover, and solar radiation 

suggests that> 85% of dens will occur in potential denning habitat that occupies< 12 percent 

of the wolf recovery areas in the Northern Rocky Mountains. These results suggested optimal 

wolf denning habitat might be a limiting factor. 

1 Present address: PO. Box 1756, red Lodge, MT 59068 
2 Present address: 8613 I loraeio Place E, Albuquerque, M 87111 
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THE EFFICACY OF USING SNOW TRACKS IN PROVIDING GENETIC 

DATA FROM WOLVERINE AND OTHER CARNIVOREs·rws 

Todd J. Ulizio and Daniel H. Pletscher, Wildlife Biology Program, University of Montana, Missoula, 

MT 59812 

John R. Squires and Michael K. Schwartz, USDA Forest Service, Rocky Mountain Research Station, 

Forestry Science Laboratory, Missoula, MT 59807 

James J. Claar, Region I, USDA Forest Service, Missoula, MT 59807 

Leonard F. Ruggiero, USDA Forest Service, Rocky Mountain Research Station, Forestry Science 

Laboratory, Missoula, MT 59807 

Collecting noninvasive genetic samples from putative wolverine (Culo gulo) snow tracks 
is an effective method for providing definitive species identification and more complex 
demographic data. We completed 54 backtracks and collected 169 hairs and 58 scats. 
Amplification rates of mitochondrial DNA (mtDNA) used for species identification were 
74 and 24 percent for scats and hairs, respectively. Average distance to a collect a sample 
containing high quality mtDNA for species identification was 1331 m. Genetic analysis 
confirmed 35 snow tracks (64%) as wolverine. The remaining 19 snow tracks consisted of 8 
that did not provide samples and 11 that contained nonamplifiable samples. Collection of both 
hairs and scats provided 28 percent more track verifications than would have only one type 
of sample. We analyzed nuclear DNA (nDNA) from the same samples to produce individual 
genotypes. Amplification rates of nDNA from scats and hairs were 52 and 16 percent, 
respectively, and produced individual genotypes for 23 of the 54 snow tracks (43%). These 
results confirmed that snow tracking to collect noninvasive genetic samples can be used to 
verify species identification from snow tracks detected through any winter survey method, as 
well as to perform more complex monitoring such as minimum population estimates, tests of 
relatedness, or mark re-capture population estimates if sample sizes are large enough. While 
tested on wolverine, this method could be applied to other carnivores that live in snowy 
regions and are active during the winter months. 

WEST NILE VIRUS AND SAGE GROUSE: AN UPDATETWS 

Brett L.Walker, David E. Naugle and Kevin E. Doherty, Wildlife Biology Program, University of 

Montana, Missoula, MT 59812 

Greater sage grouse have been extirpated from much of their original range, and 
population declines are typically associated with loss and degradation of sagebrush habitat. 
West Nile virus (WNv) was first detected in the Powder River Basin in 2002. In July and 
August 2003, we confirmed 17 WNv mortalities among radio-marked female sage grouse 
across four sites in Alberta, Montana, and Wyoming. During that period, adult female 
survival declined an average of 25 percent at WNv-infected sites compared to pre-WNv years 
( 1998-2002), whereas no decline was observed at a site without WNv in western Wyoming. 
Comparisons of lek counts between impacted and unimpacted sites in the Powder River Basin 
indicate a pronounced local population decline in the affected area between 2003 and 2004. 
In 2004 WNv mortality was reported from Colorado, Wyoming, Montana, and California, 
although WNv mortality rates in the PRB appear to be lower than in 2003. To date, over 350 
l!ve o_r harvest�d sage grouse have tested negative for WNv, suggesting that sage-grouse have
little innate resistance to WNv infection. Small, isolated populations of Gunnison sage grouse 
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(C. minimus) in Colorado and Utah and greater sage grouse in California, Utah, Wa hington, 
Alberta, and Saskatchewan may be at highest risk. If man-made surface water facilitates the 
spread of WNv, new debate will arise over how to best manage such activities in arid western 
landscapes. The emergence of WNv intensifies debate over how to best maintain large 
areas of high-quality habitat needed to support robust populations capable of withstanding 
catastrophic outbreaks of disease. 

MULTI-SCALE FACTORS REL ATED To SNOWSHOE HARE DENSITIES 
IN FRAGMENTED FoRESTS'rwS 

Carly Walker and L. Scott Mills, Wildlife Biology Program, University of Montana, Missoula, MT 

59812 

Karen E. Hodges, Departtment of Biology, Okanogan University College, Kelowna, British Columbia 

VIV I Y7 Canada 

Gary Koehler, Washington Department of Fish and Wildlife, Cle Elum, WA 98922 

Habitat needs of snowshoe hares (Lepus americanus) have been examined extensively at 
scales as large as forest stands, but few data exist to suggest how landscape composition and 
configuration affect hare populations. We explored how the surrounding forest matrix affected 
snowshoe hare densities in patches of suitable habitat using fecal pellets to index hare density. 
Using a multi-scale modeling approach, models that included a combination of landscape- 
and stand-level variables performed better than singl.e-scale models, demonstrating a marked 
effect of matrix characteristics on snowshoe hare pellet density. Stand-level variables, 
especially sapling and medium-sized tree density, were the best univariate predictors of 
snowshoe hare pellet density, but pellet densities were also positively associated with the 
amount of boreal forest and the degree of landscape heterogeneity within 300 m of a patch 
of suitable hare habitat and negatively correlated with the amount of open-structured forest 
at that scale. Our results stressed the importance of stand-level vegetative factors, yet add an 
understanding of the extent to which the matrix affects snowshoe hare densities. Resource 
managers should consider the matrix, striving for greater heterogeneity, more boreal forest, 
and less open-structured habitat, when snowshoe hare densities are a concern. 

A CAT RAcE T AIL. .. OF HouNDSM EN, B10L oG1sTs, ADMINISTRATORS, 
COMMITTEES AND LAWMAKERS IN NORTHEAST MoNTANA-

A HISTORY OF MoNTANA HB 142rns

Jim Williams, Montana Fish, wildlife and Parks, 490 N. Meridian Road, Kalispell, MT 59901, 

jiwilliams@mt.gov 

Cougar hunting has been part of the fabric of northwest Montana's hunting heritage 
for over I 00 years. From the late 1970s to the mid -1990s cougar populations increased 
dramatically throughout western Montana. Along with cougar population increases, the 
number of houndsmen and cougar hunters coming to northwest Montana from out of 
state increased as well. Popular press magazines were advertising northwest Montana as a 
destination cougar hunt for non-resident hunters. The high number of non-resident hunters 
that subsequently came to northwest Montana, in part, created challenges for Montana 
Fish, Wildife and Parks' (FWP) existing cougar management. Harvest quota management, 
allocation of the recreational opportunity, and quality of the hunting experience were i-.sue 
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that both houndsmen and FWP staff raised. A potential solution presented itself in the form 
of a new Montana statute that became known as llousc Bill 142. The trials and tribulations 
of implementing a new law and subsequent hunting season regulations were explore� in 
detail for this presentation. Following the implementation of Montana HB 142, hunting 
season quota over-runs decreased, percent nonresident harvest decreased, and opportunity for 
resident cougar hunting increased. This was accomplished over a two-year period by people 
dedicating countless hours at regional and statewide houndsmen, advisory, legislative, FWP 
Commission, and public meetings. 

BEHAVIORAL RESPONSES OF ELK To THE THREAT OF WoLF 

PREDATION: SEX-SPECIFIC CONSTRAINSlWS 

John Winnie, Jr. and Scott Creel, Department of Ecology, Montana State University, Bozeman MT 

59717, winniejr@in-tch.com 

We studied individual and herd-level behavioral responses of elk to spatial and temporal 
variation in the risk of predation by wolves over three winters in the Upper Gallatin drainage, 
Montana. We tested whether responses to risk were affected by body condition by measuring 
marrow fat levels of bulls and cows and relating differences in condition to differences in 
antipredator behavior and predation rate. Overall, elk responded to the presence of wolves 
by substantially decreasing group size and moving into or close to timber. In contrast to this 
general pattern, bull-only groups were smaller than average, and slightly increased in size in 
the presence of wolves. As a consequence, bull-only herds and mixed sex herds converged on 
a similar size when wolves were present. Individual vigilance levels were not correlated with 
herd size or distance to timber and were weakly correlated with individuals' position within 
the herd. Bulls were in worse body condition than cows throughout the winter, and condition 
deteriorated for both sexes as winter progressed. Vigilance in cows, but not bulls, increased 
in response to wolf presence, that indicated responses of bulls may have been constrained 
by condition. For cows, increases in vigilance produced a significant decrease in time spent 
grazing although bull grazing time was not affected by wolf presence. Some bulls moved 
into timber when wolves were present. Bulls were oversclected by wolves, and cows were 
underselected. We conclude that bulls were less able to pay the foraging costs associated with 
the anti predator responses of cows. 
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