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A TRACER INvESTIGATION OF 

PHEROMONE DISPERSION 

IN A LODGEPOLE PINE FOREST CANOPY 

Holly G. Peterson, Environmental Engineering Department, Montana Tech of The University of 
Montana, Butte, MT 59701 

Trisha N. Smith, Environmental Engineering Department, Montana Tech of The University of Montana, 
Butte, MT 59701 

Harold W. Thistle, USDA Forest Service, 180 Canfield St., Morgantown, WV 26505 
Brian K. Lamb, Laboratory for Atmospheric Research, Department of Civil and Environmental 

Engineering, Washington State University, Pullman, WA 99164-2910 

ABSTRACT 
To improve our understanding of the transport of insect pheromone through a forest canopy,

tracer experiments were conducted in 2000 amid a lodgepole pine (Pinus contorta) forest in

Montana. Six tests were analyzed to visualize relationships between wind direction and plume

behavior for downwind distances of 5, 10, and 30 m. Time series of sulfur hexafluoride showed

intermittent plume events with peak-to-mean ratios as high as 81 at the 10-m arc. Average

dispersion coefficients ranged approximately 4-8 m at the 5-m arc, 9-17 m at the 10-m arc, and

27-45 m at the 30-m arc. In addition, a simple empirical equation was developed to estimate

average plume spread on these scales as a function of standard turbulence statistics and travel

time. Predicted dispersion coefficients were within a factor of 2, or better, of observed values

for 95% of the cases, and the average predicted-to-observed ratio was 1.07 for the dataset of 158

plume profiles. Results from this field campaign were site-specific, but they were part of a larger

effort by the United States Department of Agriculture (USDA) Forest Service to characterize

dispersion in a variety of forest types.

Key words: average plume spread, concentration fluctuations, dispersion coefficients, peak­

to-mean ratios, pheromones, tracer experiments 

INTRODUCTION 
Bark beetles are native species, and they 

play important roles in forest ecosystems. 

Dramatic infestations, however, are cur­

rently causing decreased lumber sales and 

increased fire danger in western regions of 

the United States, Canada, and elsewhere. 

Between the years 1995-1999, bark beetles 

resulted in mortality of more than 7 mil-

lion trees in the Rocky Mountains alone, 

and the species causing the most damage 

in this region are mountain pine beetles 

(Dendroctonus ponderosae) and Douglas-

fir beetles (dendroctonus pseudotsugae) 

(USDA Forest Service 2000). 

Because bark beetles and other insects 

communicate via fine-tuned systems of se­

miochemicals known as "pheromones," the 

USDA Forest Service and others have been 

developing methods of pest management in-

volving application of natural and synthetic 

pheromones as alternatives to traditional 

insecticides (Suckling 2000). Effectiveness, 

however, depends on in-depth knowledge of 

transport and diffusion of pheromones in the 

atmosphere (Aylor 1976, Aylor et al. 1976, 

Elkinton et al. 1984, Farrell et al. 2002). 

An insect reacts instantly to pheromone 

concentrations above a threshold level, so 

short-term diffusion of pheromone plume 

dictates immediate behavior of the insect. 

Over time, however, the zone of influence 

affecting multiple insects is characterized in 

terms of average dispersion patterns. 

In regulation and modeling of air pol­

lution from industrial sources, dispersion 

patterns are of interest also, but on much 

larger scales. Concentrations at distances 

up to 50 km downwind of a smoke stack, for 

example, are normally estimated using com-
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puter algorithms based on a formula known 
as the Gaussian plume equation (Turner 
1969): 

(1) 

where C is concentration at a receptor 
�yz 

with coordinates x,y,z; Q is mass release 
rate of the contaminant; H is effective stack 
height; U is mean wind speed, and o and 

y 

oz are dispersion coefficients in the y and z 
directions, respectively. Dispersion coef­
ficients in Equation (1) represent standard 
deviations of the average horizontal and 
vertical concentration distributions in the 
plume (assumed to be Gaussian), and they 
are calculated using empirical equations that 
are functions of downwind distance (x) and 
atmospheric stability class (Gifford 1959). 

Because regulatory models using the 
Gaussian plume approach only predict mean 
concentrations with averaging times be­
tween 1 hr and 1 yr, we have been studying 
near-instantaneous plume diffusion to char­
acterize variability and peak concentrations 
on time scales similar to human breathing 
rates. Short-term peak concentrations are 
important because acute exposures may pose 
health risks for some toxic air pollutants and 
for chemical agents such as nerve gases. To 
study this, we have been 1) conducting field 
experiments using tracer technologies amid 
a variety of terrain types and meteorological 
conditions, 2) analyzing tracer concentration 
data in terms of instantaneous and average 
plume spread, and 3) using the field results 
to develop and to test air diffusion models 
(Peterson and Lamb 1992, 1995, Peterson et 
al. 1990, 1999, 2003). 

Because of tracer technologies, we 
now know much more about instantaneous 
and average plume spread of air pollutants 
than we did 20 years ago, but many of the 
same uncertainties exist about how insect 
pheromones move through crops or forest 
canopies with complex micrometeorological 
conditions. This is not a new issue; almost 
three decades ago, Aylor (1976) stressed 

the importance of transport and diffusion 
processes on instantaneous and average time 
scales for pheromone research. A} lor et al. 
( 197 6) conducted an eloquent set of field 
experiments in a forest using gypsy moths 
(Lymantria dispar L.) to try to characterize 
disparity between instantaneous and average 
dispersion. While recording wind speed 
from a set of 1- and 2-dimensional anemom­
eters, they released disparlure pheromone 
from a I-mm orifice at a rate of9.6 pg s- 1

. 

Male gypsy moths in small mesh cages 
were located at downwind distances of 1.2, 
2.5, and 5 m from the pheromone source, 
and pheromone response was quantified by 
counting the number of moths/cage showing 
rapid wing fanning during I-min intervals. 
To account for plume meander, they moved 
cages as necessary to coincide with a plume 
of tufted cattail seeds that were released 
sequentially near the pheromone source. 
Results inferred peak concentrations up to 
25 times higher than time-averaged concen­
trations. 

Although research of Aylor ( 1976) 
and Aylor et al. ( 1976) was state-of-the-art 
for their time, they did not have the ability 
to resolve actual concentrations of phero­
mone. More recently, a technique called 
electroantennography (EAG) was developed 
to measure insect pheromones in the field 
(Van der Pers and Minks 1993, Thorpe and 
Tcheslavskaia 2001). In these studies, EAG 
devices measured changes in electrical 
signal for insect antennae in the presence of 
pheromone. The EAG signals, however, are 
difficult to quantify because of variability in 
dynamic response characteristics of anten­
nae, and it is not yet possible to convert to 
absolute concentrations units. 

To address these uncertainties, we have 
been studying dispersion of insect phero­
mones using tracer methods and equipment 
previously developed to study behavior of 
air pollution on larger scales. Our work has 
been part of a multi-institutional effort with 
the USDA Forest Service to characterize dis­
persion in a variety of forest types (Thistle 
et al. 2002a, 2002b, 2004 ). Overall goals 
are to 1) improve insight into the nature of 
turbulent disper ion through plant canopies, 

A Tracer /nvesligahon of Pheromone D1spers1on ma Lodgepole Pine Fores/ CanoJJ> 9 

- (= - II, 'I 

+e 



and 2) develop tools for forest managers 

to predict pheromone plume spread. This 

paper describes one field campaign to 

characterize instantaneous and mean plume 

diffusion in a lodgepole pine (Pinus con­

torta) forest. 

Potomac Field Experiments 
During 19-28 July 2000, we conducted 

a set of field experiments amid a forested 

area in western Montana, approximately 

16 km (10 mi) east of Missoula. Elevation 

of the Potomac field site (46°54' 19"N, 

113°126'45"W) was 1207 m above sea 

level, and lodgepole pine was the dominant 

vegetation with an average height of 30 m 

and a density of 1521 stems/ha. Equipment 

for the campaign included 1) a tracer release 

system, 2) an array of air samplers, 3) a 

fast-response tracer analyzer, and 4) meteo­

rological sensors. Each unit is described as 

follows, and Figure 1 shows the field layout. 

Throughout the experiments, we re­

leased sulfur hexafluoride (SF ) as a tracer 
. 

6 

gas to slIDulate a generic insect pheromone. 

For more than two decades, we have used 

SF 
6 

to study average and near-instantaneous 

behavior of air pollutants for downwind 

distances ranging from 0.05 to 3.6 km 

(Peterson and Lamb 1992, 1995, Peterson 
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et al. 1990, 1999, 2003), but this was one 

of the first intensive tracer experiments 

conducted in a forest canopy for pheromone 

research. Sulfur hexafluoride is an inert gas 

that is non-toxic, non-radioactive colorless ' ' 
and odorless, and SF 

6 
can be measured at 

very low concentrations, i.e., parts/trillion 

(ppt). In the Potomac field campaign, we 

released a 1-percent mixture of SF and air 
6 

from a gas cylinder through a mass flow 

controller. Release height was 1.2 m above 

the ground, and release location was the 

center of a sampling array. 

Our sampling array consisted of syringe 

samplers arranged in three concentric circles 

with radii of 5, 10, and 30 m. Samplers were 

based on the design of Krasnec et al. (1984). 

Over a period of 4.5 hrs/day, each sampler 

sequentially collected nine air samples in 

30-cc syringes with an averaging time of 30

min/syringe. In a typical test, we positioned

samplers at a height of 1.2 m above the

ground to characterize horizontal dispersion

patterns. Time-averaged concentrations of

SF 
6 

in the syringes were determined each

day via subsequent analysis using a cali­

brated, fast-response analyzer based on the

design of Benner and Lamb (1985) with

an operational range on the order of 30 to

15,000 ppt.

• 

• 

• 
SFs Plume 

20 40 

X SF6 Source and Sonic I 
::t Met Tower 
■ Sampler on 5-m arc
♦ Sampler on 10-m arc
• Sampler on 30-m arc

Figure 1. General layout of equipment during the Potomac field campaign. 
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In addition to time-averaged con­
centrations in the syringes, we measured 
near-instantaneous concentrations with 
a fast-response SF 6 analyzer positioned 
within the sampling array along the 10-m 
arc. Response time of this instrument was 
0.6 s; the sampling rate was 1 Hz; and the 
sampling inlet was positioned at a height of 
1.2 m. 

For meteorological sensing, we 
equipped a tower with 3-dimensional sonic 
anemometers at heights of 1.5, 14.5, and 
24.9 m above the ground. In addition, a 
sonic anemometer was located at the center 
of the sampling array with the tracer release 
system. The sampling rate of all anemom­
eters was 10 Hz. 

RESULTS AND DISCUSSION 
We describe conditions for six tests 

performed during morning hours when the 
average wind speed at the Potomac site 
was between 0.19 and 0.58 m s- 1 (Table 
1). Standard deviation of wind speed is 
a measure of turbulence, and during these 
tests, standard deviation in the horizontal u 
direction ( CT ) and standard deviation in the 

u 

horizontal v direction ( CT ) varied between 
V 

0.04 and 0.44 m s- 1
. Standard deviation of 

the vertical wind component, however, only 
ranged between 0.04 and 0.16 m s- 1

. Average 

ambient temperatures were 282.3-293.3 K 
and barometric pressures were 882-889 mb. 
Mass release rates of SF 

6 
were 102-110 µg s· 1

• 

Figure 2 illustrates of the nature of the 
wind fields during the six example tests. 
We graphed time series of wind azimuth on 
2-dimensional, radial grids to show horizon­
tal wind angle during each 30-min period
with time (t) increasing from t = 0 s at the
origin to t = 1800 s at the outer rings. In
some of the tests, a dominant wind direction
is obvious. Figures 2d and 2e, for example,
indicate dominant wind flows to the west­
northwest (W W) and south-southwest
(SSW), respectively. In other tests, such
as Figures 2a and 2f, winds appear to blow
with two or three main bearings during
distinct directional shifts. Lastly, Vigures 2b
and 2c contain a wide range of short-term
shifts in wind direction covering all angles
of the compass.

In Figure 3, concentration time series 
depict measurements from the fast-response 
SF

6 
analyzer on the 10-m arc where analyzer 

positions correspond to specific receptor 
angles (Fig. 2). As expected, a variety of 
exposure patterns are identified. Distinct, 
dramatic concentration events in Figures 3a, 
3d, and 3f corresponded to the tracer plume 
passing over the analyzer during major wind 
shifts, while the plume meandering back-

Table 1. Subset of Potomac Field Experiments - Test Conditions 

Test Date Start Time u CT CTVu

(D-M-YR) (MDT) (m s-1) (m s-1) (m s-1) 

P724P2 07-24-00 0700 0.24 0.06 0.06 
P724P7 07-24-00 0930 0.57 0.26 0.23 
P724P8 07-24-00 1000 0.58 0.37 0.44 
P725P4 07-25-00 0800 0.19 0.04 0.06 
P725P5 07-25-00 0830 0.51 0.17 0.15 
P727P6 07-26-00 0900 0.29 0.10 0.09 

Test duration - 30 min 
U - average wind speed 
CT - standard deviation of horizontal wind speed in the u direction 
CT" - standard deviation of horizontal wind speed in the v direction 
CTv - standard deviation of vertical wind speed in the w direction 
T - ambient temperature 
P - ambient pressure 
Q

5F6 
- release rate of tracer gas

CT T p QSF6 

(m s-1) (K) (mb) (µg s-1)

0.05 282.3 889 110 
0.11 291.7 889 106 
0.16 293.2 889 106 
0.04 290.6 884 102 
0.10 293.3 884 102 
0.06 287 9 882 107 

A Tracer Jnvestigat,on Q( Pheromone D1spers1on ma Lodg epole Pme Forest Canop; 11 



a) 

Receptor Angle= 135 deg 

c) 

I 

24July2000 
1 0 : o 0 • 1 0 : 3 0 MDT 

·····-.....

:..:.::-:-·"':'•.: .. 
� ., ...
::-- '• 

�. 

-..... 
_:_..; . 

Receptor Angle= 180 deg 

d) 

Receptor Angle= 225 deg 

b) 
24 July 2000 

0 9 : 3 0 • 1 0 : 0 0 MDT 

d) 

Receptor Angle= 225 deg 

e) 
25 July 2000 

o 8 : 3 o • O 9 : o o MDT

Receptor Angle= 225 deg 

Fipre 2. Radial time series of wind direction for: a) Test P724P2, b) Test P724P7, c) Test 
P724P8, d) Test P725P4, e) Test P725P5, and f) Test P727P6. 

and-forth caused intermittent concentrations 
as illustrated in Figures 3b, 3c, and 3e. 

During the past two decades, we 
have used a set of standard statistics 
to characterize time series of near­
instantaneous exposure of air pollutants 
(Peterson et al. 2003). Statistics included: 
average concentration (C); standard 
deviation ( a); concentration fluctuation 
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intensity (IN), where intensity is the 
ratio of standard deviation to the mean 
concentration; intennittency factor (I), 
where intennittency is the fraction of time 
non-zero concentrations are recorded at a 
receptor; and peak-to-mean ratio (PIM). 

Concentration fluctuation statistics for 
the six Potomac tests were highly variable 
even though the SF 

6 
release rates were 

~., ... 
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Figure 3. Time series of instantaneous concentration for: a) Test P724P2, b) Test P724P7, c) 
Test P724P8, d) Test P725P4, e) Test P725P5, and f) Test P727P6. 

almost the same, and downwind distance 
was 10 m in all cases (Table 2). The 30-min 
mean concentration ranged 189-755 ppt, 
and standard deviation of concentration 
was between 971 and 1954 ppt. Standard 
deviation ( a ) was always greater than the 

C 

mean concentration (C) because exposure 
consisted of intermittent plume events 

separated by periods of zero concentration. 
Intensity (IN = o/C) varied from 2.2 to 
7.4; intermittency factor ranged 0.08-0.74; 
and peak-to-mean ratio was between 15.4 
and 80.7. Low intensity, high intennittency, 
and low peak-to-mean ratio corresponded 
to exposures where the plume blew toward 
the analyzer more than away from it. High 
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Table 2. Concentration Fluctuation Statistics

Test C oc IN 

(ppt) (ppt) 

P724P2 457 1931 4.2 0.24 

P724P7 465 1270 2.7 0.48 

P724P8 302 971 3.2 0.74 

P725P4 189 1409 7.4 0.08 

P725P5 699 1538 2.2 0.59 

P727P6 755 1954 2.6 0.47 

Test Duration = 30 min 
C - arithmetic mean concentration 
ac - standard deviation of concentration 
IN - concentration intensity 
I - intermittency factor 
P/M - peak-to-mean ratio 

P/M 

27.8 
24.0 
36.9 
80.7 
17.6 

15.4 

intensity, low intermittency, and high peak­
to-mean ratio represented cases where winds 
primarily blew in another direction, but the 
plume impacted the receptor briefly during a 
wind shift. 

Previous tracer campaigns to study air 
pollution at downwind distances up to 1 
km (Hanna 1984, Peterson and Lamb 1995) 
found that intensity and peak-to-mean ratio 
were described by the following simple 
relationships: 

PIM = [ln(I00 I)] 1- 1 

(2) 

(3) 

based on the assumption of an exponential 
probability distribution. As shown in Figure 
4, when Potomac data were compared to 
Equations (2) and (3), observed intensities 
were 1.4-2.5 times higher than predicted 
by Equation (2), and peak-to-mean ratios 
were 1.9-6.3 times higher than predicted by 
Equation (3). Thus, narrow plume events 
measured 10 m downwind from the source 
in a forest were sharper than observed in air 
pollution studies, and while the assumption 
of an exponential probability distribution 
worked well in other conditions, it under­
estimated maximum concentrations within 
instantaneous plumes in this canopy. 

Although Figures 3 and 4 addressed 
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instantaneous plume diffusion, we de­
picted patterns of mean plume dispersion 
in addition to best-fit Gaussian curves for 
the 5-m, 10-m, and 30-m arcs in Figure 5. 
Again, in the field of air pollution, modelers 
use dispersion coefficients (CT) to describe 
plume spread for downwind distances out 
to 50 km and beyond. In the case of insect 
pheromones in a forest canopy, we are 
interested in mean plume spread on much 
smaller scales, but because the average 
concentration profiles (Fig. 5) tended to be 
approximately Gaussian in shape, we were 
able to calculate average dispersion coeffi­
cients at each arc. Dispersion coefficients at 
the 5-m arc ranged from 3.9 to 7.7 m (Table 
3); along the l 0-m arc, o values varied 
between 8.5 and 17.0 m; and results for the 
30-m arc were between 27.2 and 44.8 m.

Figure 6a shows how our average tracer
plumes spread as a function of distance 
downwind from the source. We could have 
developed a simple empirical equation 
describing the slope of CT versus downwind 
distance from these data,

Y

but the relation­
ship may or may not apply for dispersion 
in forest canopies with other tree types and 
densities. Logically, spread of the time-aver­
aged plume should be a function of local 
turbulence and travel time (T = x U- 1

, where 
x is the downwind distance and U is the 
average wind speed); hence, Figure 6b con­
tains the dispersion coefficients as a function 
of the horizontal turbulence statistics ( CT and 
a) times travel time. A linear regressio; of
the data resulted in the following empirical
equation to predict an average dispersion
coefficient:

CT
Y 

= 2.06 (o} + o/) 112 X U- 1 (4) 

where R2 = 0.69, and predicted dispersion 
coefficients from Equation ( 4) were within a 
few meters of observed values (Table 3). 

Because Equation ( 4) was developed 
using a subset of data, it was necessary to 
test the method with independent disper­
sion measurements. In Figure 7, predicted 
o

Y 
from Equation (4) was compared to 

observed o
Y 

for 158 profiles within the 
Potomac dataset. Approximately 99 percent 

= ((2 1"1) - 1 l/2 
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Figure 4. Relationships of a) concentration intensity and b) peak-to-mean ratio versus 

intermittency factor for the Potomac time series and curves from Equations (2) and (3) that 

assume an exponential probability distribution. 

of the predicted dispersion coefficients were 

within a factor of 3 of the observed values, 

and 95 percent were within a factor of 2. 

The average predicted-to-observed ratio was 

1.07 with a standard deviation of 0.44. 

For the range of conditions tested at the 

Potomac site, this simple approach provided 

realistic estimates of average dispersion 

rates within 30 m of a pheromone source. In 

order to judge robustness of quation ( 4 ), 

however, field results from additional forest 

settings will be considered in a follow-up 

paper. 

SUMMARY 
Measurements of wind speed, wind 

direction, and tracer concentration revealed 

a wide range of turbulent motions resulting 
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in intermittent plume exposure downwind of 
the SF 

6 
source. Peak-to-mean ratios were ob­

served as high as 81 at the 10-m arc, and the 
concentration time series exhibited sharper 
peaks than predicted by exponential probabil­
ity distributions. 

Horizontal dispersion coefficients were 
used to develop a simple empirical equation 
for predicting mean dispersion as a function 
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of the horizontal turbulence parameters and 
travel time. When tested against the Potomac 
set of 158 dispersion profiles, the method 
predicted within a factor of 3 for 99 percent 
of the cases, and within a factor of 2 for 95 
percent of the data. Overall, the mean pre­
dicted-to-observed ratio was 1.07, but a vari­
ety of forest conditions must be tested before 
proposing it as a tool for forest managers. 
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Table 3. Time-Average Dispersion Data 

Test CJ -5m CJ -5mP CJ
Y
-10m CJ -10mP 

y y y 

(m) (m) (m) (m)

P724P2 7.0 3.6 14.6 7.3

P724P7 6.5 6.3 11.3 12.5

P724P8 7.7 10.2 17.0 20.4

P725P4 3.9 3.9 8.5 7.8

P725P5 5.1 4.6 10.0 9.2

P727P6 7.6 4.8 14 9.6

o
Y
-5m - Observed average dispersion coefficient along the 5-m arc

o
Y
-5mp - Predicted average dispersion along the 5-m arc using Eq. (4)

o
Y
-10m - Observed average dispersion coefficient along the 10-m arc

CJ
Y-30m

(m) 

44.8 

43.3 

43.1 

29.9 

27.2 

36.6 

o
Y
-10mP - Predicted average dispersion coefficient along the 10-m arc using Eq. (4)

o
Y
-30m - Observed average dispersion coefficient along the 30-m arc

o
Y
-30mP - Predicted average dispersion coefficient along the 30-m arc using Eq. (4)
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Figure 7. Predicted dispersion coefficients from Equation ( 4) versus observed values for the 
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Dispersion of pheromone through forest 
canopies is still not well understood. We are, 
however, making substantial advances via 
application of tracer technologies (previ­
ously used on larger scales for air pollution 
research) to small scales involved in phero­
mone transport. 
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ABSTRACT 
We evaluated the heart rate responses of 15 adult and six child subjects to beginning judo class

sessions. Heart rate responses were compared to cardiovascular intensity ranges recommended

by the American College of Sports Medicine (ACSM). Heart rate responses of adults (n = 15)

averaged 70 percent of age-predicted maximum heart rate with a range of 96 beats/minute to

154 beats/minute. The heart rate responses of the children (n = 6) averaged 68 percent of age­

predicted maximum heart rate with a range of 133-161 beats/min. Our results show that judo

is effective in elevating heart rate to levels recommended by the ACSM for appropriate periods 

of time to improve cardiovascular fitness. 

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

INTRODUCTION 
Judo is a system of self-defense, and 

can take many forms. Like wrestling, judo 

is a grappling sport, but the participants 

wear a jacket called a Gi. A typical judo 

competition match may last from 3 to 10 

min depending on the tournament and age 

of the participant. A match may be won by 

throwing an opponent to his/her back with 

force, by pinning them for 25 seconds on 

their back, or by gaining submission through 

a strangulation or joint locking technique. 

The opponent submits by "tapping out", 

tapping the opponent or the mat, signaling 

defeat (Ogasawara 1988). 

Because most judo techniques are 

relatively safe for students who have 

been properly taught the fundamentals, 

techniques can be safely practiced at or near 

maximal intensity levels with a resisting 

opponent during training sessions. This is 

especially true for the judo ground grappling 

techniques employing positions of control, 

strangles, and joint locks ( Ogasawara 1988). 

Judo coaches believe that this activity 

is an excellent systematic method for 

improving physical fitness. In fact, Richards 

(1982) even recommends it as an activity to 

develop fitness for other sports. However, a 

literature review yielded no studies showing 

how judo affects the beginning and/or child 

participant. It is no secret that our nation's 

children are becoming less fit. Rates of 

childhood obesity are higher now than ever 

before, and the reason for this is usually 

because of an imbalance between caloric 

expenditure and intake (Strauss and Pollack 

2001, Troiano and Flegal 1998). 

The research question guiding this study 

was, will a beginning judo class increase 

heart rates to levels recommended by the 

American College of Sports Medicine 

(ACSM) for improvement of cardiovascular 

fitness? Therefore, the primary purpose of 

this descriptive study was to evaluate heart 

rate responses of beginning level adults and 

children and compare average heart rates 

during judo class sessions to cardiovascular 

intensity ranges recommended by ACSM. 
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The ACSM (2000) recommends an 

intensity of exercise between 55 and 65 

percent up to 90 percent of maximum heart 

rate for improving cardiovascular fitness. 

This intensity range is intentionally broad 

so deconditioned or low-fit individuals 

may be prescribed intensities of 55 to 65 

percent. For example, an individual with 

a maximum heart rate of 200 would be 

prescribed a heart rate range of 110/130-180 

beats/min to improve cardiovascular fitness. 

If this individual had poor physical fitness, 

then exercising at a heart rate between 

110 and 130 beats/min might be sufficient 

to improve fitness. A more physically fit 

individual may not improve cardiovascular 

fitness from this lower intensity and would 

probably have to exercise at an intensity 

corresponding to a heart rate between 130 

and 180 to improve cardiovascular fitness. 

Exercise activities can usually be sorted 

into three groups (American College of 

Sports Medicine 2000): 

1. Group one activities require little

skill, and energy expenditure is relatively 

constant. Examples are treadmill walking 

and cycle ergometry. 

2. Group two activities require a

moderate amount of skill, and energy 

expenditure is related to the individual's 

skill in the particular activity. Examples 

include swimming and cross country skiing. 

3. Group three activities require a hlgh

level of skill and exercise intensity may be 

highly variable. Examples are racquet sports 

and basketball. 

The activity of judo is considered 

a group three activity. Will relative 

beginners be able to maintain average heart 

rates at ACSM recommended levels for 

cardiorespiratory improvements? That is the 

question this research addresses. 

LITERATURE REVIEW 
A comprehensive literature review 

yielded no studies on heart rate effects 

from judo on beginners and/or children. 

One study focused on the effects of judo 

on substrate utilization during one 5-min 

match. The study included I 6 male judo 

competitors with an average age of 18.4 

years. The subjects were all 2nd or 3rd degree 

black belts. In other words, they were 

highly skilled. The researchers reported an 

average percent heart rate of 92 percent of 

maximal for the matches (Degoutte et al. 

2003). 

Several other sources published the 

metabolic costs of combat sports including 

judo, boxing, karate, tae kwon do, and 

wrestling. Kravitz et al. (2003) found a 

linear increase in heart rate with increasing 

punching frequencies in 18 trained subjects 

participating in fitness boxing trials. 

Punching tempos ranged from 60 to 120 

beats/min and heart rates ranged from 67 

to 93 percent of maximum depending on 

tempo. 

According to McArdle et al. ( 1996 ), 

a 68-kg (150-lb) individual participating 

in judo would expend 13.3 kcal/min. 

Caloric expenditure for a 68-kg individual 

participating in wrestling, karate, boxing 

practice and competition is 13.2, 13.2, 9.4, 

and 15.1 kcal/min, respectively. ieman 's 

(1995) Compendium of Physical Activities 

estimates caloric expenditure for judo, 

jujitsu, karate, kick boxing, and ''tae kwan 

do" as 10 Mets, whlch equates to 11.9 

kcal/min for a 68-kg individual. However, 

no designation of skill level and energy 

expenditure exists from these sources. 

Maximum volume of oxygen 

consumed, or Max VO2, is a commonly 

used measure to evaluate cardiorespiratory 

fitness, and other researchers reported on the 

cardiorespiratory fitness of elite grappling 

athletes. Cipriano (1993) reported Max 

VO2 values between 60 and 70 mlkg· 1min- 1 

for elite wrestlers. Horswill (2000) reported 

a range of 50-62 mlkg· 1 miu- 1 for scholastic 

age to Olympic level wrestlers. 

Combat sports, including judo, 

wrestling, boxing, and karate, are physically 

demanding, and developing overall physical 

fitness clearly is a prerequisite for successful 

participation in these sports. Most of the 

research in this area has focused on the 

sport-specific requirements, physiological 

effects of training methods, and 

physiological profiles of high-level athletes 

rather than beginners. 
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METHODS 

Subjects 
Five female and 10 male adults (age 

range 19-37 ys) who were registered for 
a beginning judo class, and six female 
children (age range 4-10 yrs) who 
participated in a winter judo camp at 
Montana Tech of the University of Montana 
served as subjects. The university approved 
all procedures and each adult subject and, 
for the children, a parent/guardian, signed 

an informed consent document. All subjects 
completed a physical activity readiness 
questionnaire, and none of the subjects were 
using any cardiac or pulmonary medication. 

Procedures 
We monitored the subjects' heart rates 

using a Polar T31 Heart Rate Monitor, 
which provided an average heart rate for the 
duration of the judo session. The subjects 
sat quietly for three minutes to establish 
resting heart rate. After recording resting 
heart rate, the class began as usual. The 
coaches were instructed to maintain normal 
class procedures. A typical judo class 
consists of the following phases (Dewey 
2003): 

1. Warm-up-which consisted of judo
specific dynamic rhythmic movements that 
increased body temperature. The specific 
movements included jogging, free squats, 
judo falling called ukemi, grappling hip 
movements called ebbe/shrimping, and 
more. 

2. Instruction - this phase usually
includes a short review of past techniques 
and introduction of new techniques in a 
step-by-step manner. 

3. Drills - making use of repetitive
movements to reinforce what has been 
previously learned. 

4. Randori (freestyle practice)- this is
the sporting aspect of the session, where the 
students attempt to execute judo techniques 
on a resisting opponent for designated 
periods of time. 

5. Fitness/Judo Exercises - this phase
allowed for a variety of fun physical 

activities including judo freeze tag, judo 

dodge ball, push-ups, sit-ups, judo team 
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soccer, and judo related relay races. 
6. Cool-down -In general, the cool

down phase allows time for heart rate and 

body temperature to return towards normal 

resting levels. Flexibility exercises are done 

during this phase. 

Actual duration of each phase varies 
depending on various factors including 

age, experience, and objectives of the 
participants. For a beginner class, these 
phases may last anywhere from 5 to 20 

min, however with more advanced athletes 
modifications to this general approach 

are often made. The major modification 
would be an increase in time spent during 
randori/freestyle practice essential for the 
competitive judo athlete (Pulkkinen 2001, 
Dewey 2003 ). 

Heart rate monitors were checked at 
5-min intervals by palpating a radial pulse
for 15 sec and calculating a 1-min heart
rate. We compared the palpated heart
rate to the monitor's heart rate to ensure
accuracy and recorded heart rate averages
at the termination of the class. The adult
class participated in the study 8-12 wks
into the 16-wk semester, and the child
class participated during the third and
fourth weeks of a 4-wk camp to allow for
development of some fundamental skills
relative to judo. Because the heart rate

monitors were telemetry units, subjects were
not paired with each other because monitors

would then be disrupted by the other
subject's heart rate.

RESULTS 
We calculated age-predicted maximum 

heart rate (APMHR.) by subtracting 
the subject's age from the constant 220 
(American College of Sports Medicine 
1995). Heart rate responses of the adults 
averaged 70 percent of age-predicted 
maximum heart rate with a range of96 
to 154 beats/min (Table 1 ). Heart rate 
responses of the children averaged 68 

percent of age-predicted maximum heart 
rate with a range of 133 to 161 beats/min 

(Table 2). The classes were about 50 min in 

duration. Fourteen of 15 adult subjects and 

all six of the child subjects elevated their 



Table 1. Adult heart rates. 

Subject Age Mean HR* % APMHR** 

1 22 147 74 

2 19 122 61 

3 23 126 64 

4 23 154 78 

5 24 96 49 

6 34 145 78 

7 20 135 68 

8 21 146 73 

9 24 146 74 

10 26 145 75 

11 24 120 61 

12 19 141 70 

13 37 133 73 

14 37 148 81 

15 21 135 68 

Mean 24.93 135.93 69.80 

Std Dev 6.09 14.97 8.33 

• Heart Rate

••Age Predicted Maximum Heart Rate

heart rates to within the range of 55-90 per­
cent of maximal heart rate recommended by 
ACSM to improve cardiovascular fitness. 

DISCUSSION 
The adult subjects elevated their heart 

rates to 70 percent of APMHR, and the 

children elevated their heart rates to 68 per­
cent of APMHR. The ACSM recommends 
elevating heart rate to 55/65-90 percent of 
maximum heart rate for at least 20 min-
utes for 3-5 days each week to improve 
cardiovascular efficiency, manage weight, 
and protect against chronic lifestyle-related 
disorders like heart disease. 

Although many judo coaches state that 
their art is effective in improving overall 
physical fitness, a comprehensive literature 
search found no research on this topic as 
it pertains to beginners and children. Our 
results show that judo can be effective in 
elevating heart rate to levels recommended 
by the ACSM for appropriate periods of 
time to improve cardiovascular fitness. One 

adult subject only raised heart rate to 96 

beats/minute ( 49% of APMHR), and some 
children were less enthusiastic than others 
during the classes. In a class with a vari-

ety of personalities, one can expect some 

Table 2. Child heart rates. 

Subject Age Mean HR* %APMHR** 

1 6 154.5 72.0 

2 4 137.0 63.0 

3 8 133.0 63.0 

4 10 140.0 67.0 

5 7 139.0 65.0 

6 7 161.0 76.0 

Mean 7 144.08 67.67 

Std Dev 2 11.05 5.28 

*Heart Rate

**Age Predicted Maximum Heart Rate

students to try harder than others, which we 
observed among our subjects. So, repeat 
studies may show more variability in their 
results depending on the personalities of the 
subjects. 

Still, the average effect on heart rate is 
important because of the state of health of 
Americans, especially American children. 
Studies show that American children are 
becoming increasingly overweight (Strauss 
and Pollack 2001, Troiano and Flegal 1998). 

There are many compounding factors, but 
the overall cause is a positive energy bal­
ance; a mismatch between caloric intake and 
caloric expenditure. 

Another heath concern is type 2 diabe­
tes. Type 2 diabetes used to be referred to 
as "Adult Onset Diabetes." However, it has 
been described as a new epidemic effecting 
American children (Ratner-Kaufman 2002). 
Obesity and sedentary lifestyle are risk fac­
tors for the development of type 2 diabetes. 
The importance of identifying healthy but 
somewhat non-traditional activities such as 
judo may be a part of the solution for many 

American adults and children. 
Further research should focus on the 

changes of the various components of health 
related fitness over greater periods of time, 
including body mass index (a height-weight 
measure), body composition, muscular 
strength, endurance and flexibility, oxygen 

consumption, and tracking heart rate chang­
es during the specific phases of the judo 
session. These recommendations would 

provide more information about the overall 
effects of judo training on physical fitness. 
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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 cardiovascular 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 overall mission 

of the club and coaching quality. 
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ABSTRACTS 

BIOLOGICAL SCIENCES - AQUATIC 

THE MONTANA CHAPTER OF THE AMERICAN FISHERS SoCIETYAFs 

2004 ANNvAL MEETING INTRODUCTION 

Clint Muhfeld 

President, Montana Chapter AFS 

Montana Fish, Wildlife & Parks 

490 N. Meridian Rd., Kalispell, MT 59901 

cmuhfeld@state.mt.us 

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. 

Aquatic habitat degradation is occurring at alarming rates throughout the world due to 
human impacts on the environment. The stability of many rivers has been adversely affected 
by direct channel modifications or through changes in flow and sediment transport regimes. 
Consequently, many fish and aquatic species have declined in abundance and distribution 
as a result of habitat degradation and loss. Unless effective watershed planning and natural 
channel restoration programs are implemented on public and private lands, many river 
systems will continue to provide unsuitable habitat conditions for growth and survival of fish 
and other aquatic organisms. 

In an effort to promote sound management and restoration of aquatic ecosystems, 
the Montana Chapter of the American Fisheries Society convened the annual meeting in 
Whitefish, Montana under the theme "Theoretical and Practical Approaches for Watershed

Restoration and Stream Habitat Improvement." The plenary session featured Dr. David 
Rosgen (Wildland Hydrology), a world-renown expert in river assessment and restoration, 
as the keynote speaker and leader of the Continuing Education Workshop. The keynote 
panel of experts explored theoretical and practical approaches to restoration, agency program 
direction and policy constraints, restoration and enhancement techniques and lessons learned, 
and fisheries responses to habitat restoration and passage improvements. The Yellowstone 
Task Force panel described geological and hydrological changes to the Yellowstone River, 
and provided research results on habitat native Yellowstone cutthroat trout populations. 
Additionally, contributed paper sessions included a variety of ongoing research projects 
focused on species of special concern, non-native species introductions, impacts of fire on fish 
and aquatic ecosystems, and hydroelectric development. 

Title footnote indicates organization, location and date presentation was made· 
AFS 

Montana Chapter of the American Fisheries Society Annual Meeting, Whitefish, MT. February 4-6, 2004 
MAS 

Montana Academy of Sciences Invasive Species Symposium, Billings, MT. April 16, 2004 

7WS Montana Chapter of the Wildlife Society Annual Meeting, Bozeman, MT. February 23-26, 2004 
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The Montana Chapter of the American Fisheries Society offe�s the a�stracts �� its 2004
Annual Meeting to the readers of the Jntermountain Journal of Sciences m the spmt of 
exchanging ideas and infonnation regarding the aquatic sciences. Many of these abstracts 
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 pennission of the author(s), whose contact infonnation is provided. We hope that you 
enjoy our proceedings, and urge readers to attend and participate in our next meeting to be 
held 8-11 February 2005 at Doubletree Hotel/Edgewater in Missoula, Montana. 

RlvER MORPHOLOGY/STABILITY ANALYSIS AND 

FISH IIABITATIPOPULATION SIGNIFICANCEAFS 

DaveRosgen 
Wildland Hydrology 

11210 N. Cowity Rd. 19, Fort Collins, CO 80524 
wildlandhydrology@wildlandhydrology.com 

Ron Pierce 
Montana Fish, Wildlife & Parks 

3201 Spurgin Road, Missoula, MT 59804 
rpierce@state.mt.us 

John M. Muhlfeld 
River Design Group, Inc. 

911 Wisconsin Avenue, Whitefish, MT 59937 
jmuhlfeld@riverdesigngroup.net 

Stability of rivers is key to understanding their physical and biological function and their 
''potential" state. Corresponding relations of habitat quality and fish population dynamics are 
directly related not only to stream type, but to stability as well. River stability (equilibrium) 
is defined as the ability of a stream, over time, in the present climate, to transport the flows 
and sediment produced by its watershed in such a manner to maintain its dimension, pattern 
and profile without either aggrading nor degrading. To predict and verify river stability 
involves a quantitative effort of assessment involving numerous measurements and prediction 
methods. The prediction level (ill) and validation level (IV) are presented that allows the 
assessor to determine the nature, magnitude, cause and consequence of instability. The 
methodology involves prediction and validation to document the nature and rates of; bank 
erosion, aggradation, degradation, enlargement, lateral accretion, successional scenarios 
and associated stages, down-valley meander migration, changes in sediment competence 
and capacity, changes in river hydraulics, and riparian vegetation/channel interactions. Fish 
habitat assessments and population data will be presented demonstrating the importance of 
understanding river types and their state or condition. As biologists are often expected to 
improve the fisheries resource, it is imperative to integrate river morphology and stability 
with the biological assessments in order to make management recommendations and/or 
conduct restoration/enhancement. Detailed procedures for measurement and analysis are 
presented involving existing characteristics of channel properties including their dimension, 
pattern, profile, materials, sediment and hydraulic relations. This is done on both impacted 
and reference reaches. Reference reach data is assessed to document stability indices of the 
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stable form in order to complete a departure analysis of disturbed river systems. Reference 

reach data is also used to establish a range of morphological variables amongst stable rivers 

of a particular type and to establish dimensionless ratios for application in natural channel 

design. Example departure and potential condition analyses completed on disturbed stream 

reaches in the Prospect and Grave Creek drainages in western Montana are presented. Both 

study reaches have deviated significantly from their potential state, resulting in accelerated 

lateral erosion, channel widening, down valley meander migration, and subsequent meander 

abandonment. The predicted channel succession sequence has resulted in impaired channel 

form and function in both systems, reducing the availability of complex fish habitat 

for resident and migratory fish species. Example design plans and stream restoration 

applications are presented for the Grave Creek study reach. Pre- and post-construction 

effectiveness monitoring data are presented demonstrating the benefit of stream restoration 

applications to migratory adult bull trout habitat. 

MONTANA'S FUTURE FISHERIES 

IMPROVEMENT PROGRAMAFS 

Mark Lere 

Montana Fish, Wildlife & Parks 

P.O. Box 200701, Helena, MT 59620 

mlere@state.mt. us 

The Future Fisheries Improvement Act, passed by the 1995 legislature, established a 

funding program for voluntary habitat projects that protect and enhance Montana's wild 

and native fishes. The legislature expanded this program by passing the Bull Trout and 

Cutthroat Trout Enhancement Act in 1999, directing a portion of the program funding towards 

projects that enhance native bull trout and cutthroat trout. Funding for the Future Fisheries 

Improvement Program (Program) comes from the re-direction of River Restoration program 

funds, sale of Montana fishing licenses and expenditures from Montana's resource indemnity 

trust fund. Anyone or any entity proposing a good habitat project designed to enhance 

wild and native fishes will be considered for funding. To date, the Program has committed 

approximately $6.8 million to 353 habitat projects. Cost sharing with other funding partners 

has extended these committed funds by an additional $15 million. In general, projects 

funded to date fall into one of the following categories: channel re-naturalization (21 % ); 

riparian enhancement (21 %); fish passage (19%); bank stabilization (15%); in-stream flow 

enhancement (9%); lake and reservoir enhancement (9%); and miscellaneous (6%). About 

55 percent of the habitat projects completed under the Program have been monitored for their 

effectiveness in enhancing wild fish populations. Fish populations have responded positively 

in 42 percent of the monitored projects, while populations displayed no response in 8 percent 

of the projects. It remains premature to draw conclusions for the remaining 50 percent of the 

projects primarily due to the short time frames for populations to respond following project 

completion. 
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STREAM RESTORATION FROM THE PERSPECTIVE OF THE NATURAL 

RESOURCE CONSERVATION SERVICE-�FS 

D. James Suit
Natural Resource Conservation Service 

Room 443, 10 East Babcock Street 
Bozeman, MT 59715 

jim.suit@mt.nrcs.usda.gov 

Planners, designers and contractors developing and constructing stream restoration 
projects need to balance the hands on, the art, the necessary experience and the sciences to 
provide a quality stream restoration project that considers the human, social, environmental 
and economic needs associated with a particular stream project. The planner needs to ask 
what, if anything, should be done to a stream. Should it be left alone, should a change in 
management be given priority, or should the designer install many of the currently popular 
green engineering options? An experienced planner and/or designer should be able to answer 
these questions as they provide advice to their clients. No one discipline has all the answers. 
To conduct a quality stream restoration project requires training, experience, and several 
interdisciplinary professionals. The restoration requires quality planning, adequate design, 
drawings, specifications and necessary permits that are compliant with all federal and state 
law. A determination should be made whether a particular stream restoration is considered 
engineering and covered by the Montana Professional Engineers & Land Surveyors LAFS and 
Rules. This presentation will attempt to define the science required, the permits, the lAFS, 
and the interdisciplinary knowledge and abilities needed to conduct a quality and beneficial 
stream restoration project. 

STREAM RESTORATION FROM THE PERPSECTIVE OF A WATER 

REsoURCE SPECIALIST WITHIN THE U.S. FOREST SERVICEAFS 

Traci Sylte 
Lolo National Forest 

Bldg. 24, Fort Missoula, Missoula, MT 59804 
tsylte@f s.fed. us 

The Forest Service is engaged in many types of stream restoration and rehabilitation 
projects. With healthy watersheds as the ultimate objective, stream activities primarily 
focus on individual stream reaches, aquatic species passage at road crossings, road 
decommissioning, mining and grazing, and habitat enhancement. People educated in stream 
restoration are in short supply. Academia must begin providing specialized degrees in 
application-based fluvial geomorphology and environmental river mechanics. Agencies need 
to develop programs to assure employees are trained and remain current. Despite a huge work 
backlog and an increase in stream health awareness and past policy initiatives, restoration 
budgets have dwindled. Most restoration occurs as a byproduct of timber management or 
partnerships. Although congressional funding to the agency has increased, most money is 
allocated to currently popular initiatives or to fire or timber related programs. Moreover, a 
traditional timber and fire-focused philosophy combined with only verbal restoration support 
have many publics suspicious of National Forest work. Many restoration projects are tied up 
by timber related law suits. Sound restoration relies on our ability to work with the public, and 
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together as agencies, to be as credible, knowledgeable, and efficient as possible. The future of 
restoration, and arguably the Forest Service, depends on a turn in philosophy with restoration 
as the primary emphasis, with timber as the by-product, and with an urban strategic, 
ecologically based fire suppression program. Leadership must look beyond short-sighted, 
politically driven objectives and manage the agency for which it was created- " ... assuring 
favorable conditions of flow." 

STREAM RESTORATION FROM THE PERP ECTIVE 

OF A REGULATORY AGENCYAFS

Doug McDonald 

U.S. Army Corps of Engineers 

10 West 15th Street, Suite 2200, Helena, MT 59626 

Douglas D.McDonald@usace.anny.mil 

Stream restoration projects require authorization under Section 404 of the hderal Clean 
Water Act. It is recognized that the purpose and intent of such projects is to restore and 
enhance aquatic resources. Most stream restoration projects are authorized under ationwidc 
Permit #27. Providing specific information in the Joint Application Form can result in 
expedited reviews and authorization. Applications should include information on monitoring, 
Endangered Species Act coordination/consultation, mitigation, maintenance, and reference 
site data. Initial observations regarding the use and success of a specific feature such as root 
wads and rock/log structures shows mixed results. Compliance with required monitoring 
and other project specific conditions are not always met. Requiring mitigation of adverse 
impacts to wetlands has become routine. Now, mitigation for adverse impacts to the physical, 
biological and chemical components of a stream will also be required. Enhancing the stream 
and/or the riparian areas can mitigate impacts. The Corps has developed a Stream Mitigation 
Process and Document that outlines the program, and will likely be implemented in 2004. It 
will require applicants to mitigate for adverse impacts to a stream in addition to mitigating for 
unavoidable impacts to wetlands. 

CONTEXT, CONTEXT, CONTEXT: DIAG OSTIC APPROACH TO 

CHANNEL AssESSMENTAFs 

David R. Montgomery 

Dept. of Earth & Space Sciences 

University of Washington 

Box 351310, Seattle, WA 98195-1310 

Channel assessment procedures are often based on quantitative or qualitative ranking 
criteria that are scored to evaluate the "stability" or "condition" of a channel. Because of 
the often overwhelming importance of context in interpreting and evaluating - and therefore 
assessing - channel conditions, I argue that a diagnostic procedure, not unlike that followed 
in medical practice, provides a more logical basis for stream channel assessment and 
monitoring. In general, a particular indicator or measurement of stream channel condition 
can mean different things depending upon the local geomorphic context and history of the 
channel in question. A diagnostic framework assesses reach-level channel conditions as 
a function of location in the channel network, regional and local biogeomorphic context, 
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controlling influences such as sediment supply and transport capacity, riparian vegetation, 
the supply of in-channel flow obstructions, and disturbance history. A similar approach and 
level of understanding is needed to design effective monitoring programs, as stream type 
and channel state greatly affect the type and magnitude of channel response to changes in 
discharge and sediment loads. However, the formulation of specific diagnostic criteria and 
monitoring protocols must be tailored to specific geographic areas because of the variability 
in the controls on channel condition within river basins and between regions. The diagnostic 
approach to channel assessment and monitoring requires a relatively high level of training and 
experience, but proper application should result in useful interpretation of channel conditions 
and response potential. 

A GEOMORPIDC APPROACH TO NATURAL CHANNEL DESIGNAFS 

Dave Rosgen 

Wildland Hydrology 

11210 N. County Rd. 19, Fort Collins, Co 80524 

wildlandhydrology@wildlandhydrology.com 

The application of geomorphic principles and fundamental assessments are presented 
for the purposes of stream restoration using natural channel design procedures. Contrary 
to uniformed interpretations of the method ... it is not a "cookbook" approach in river 
restoration. The analysis conducted involves analog, empirical and analytical methods. The 
methods involve 1) a watershed and river stability assessment to determine the source, nature, 
extent and consequence of channel change, 2) alternatives for recovery based on natural 
recovery potential, changes in management related to the cause of the disequilibrium, and 
direct restoration approaches, 3) selection of the potential stable valley and stream type, 4) 
development of reference reach and regional curve data, 5) design of stable dimension, pattern 
and profile, 6) hydraulic relations of proposed design channel, 7) sediment competence and 
capacity calculations, 8) stabilization methods, and 9) a monitoring plan. An example is 
presented demonstrating the application of the methodology. This methodology has been 
successfully implemented since 1968 on large and small rivers throughout a range of hydro­
physiographic provinces. 

PRIORITIZING STREAM AND w ATERSHED RESTORATION: A REVIEW OF 

APPROACHES AND A RECOMMENDED INTERIM METHODAFS 

Phil Roni 

Watershed Program, Environmental Conservation Division 

NOAA Fisheries 

Northwest Fisheries Science Center 

2725 Montlake Boulevard East, Seattle, WA 98112 

phil.roni@noaa.gov 

Hundreds of millions are spent annually on watershed restoration and habitat 
improvements in the western United States. It is generally accepted that watershed restoration 
should focus on restoring natural processes that create and maintain habitat rather than 
manipulating habitats. However, most process-based restoration is site-specific, i.e., 
conducted on a short stream reach. In an effort to synthesize site-specific techniques into 
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a process-based watershed restoration strategy, we reviewed the effectiveness of common 
stream restoration techniques at improving fish habitat, synthesize various methods for 
sequencing restoration actions, and developed a hierarchical strategy for prioritizing 
them. The hierarchical strategy we present is based on three key elements: 1) principles of 
watershed processes, 2) protecting high-quality habitats, and 3) knowledge of effectiveness 
of techniques. Initially, efforts should focus on protecting areas with intact processes and 
high-quality habitat. Following a watershed assessment, we recommend that restoration 
focus on reconnecting isolated high-quality habitats. Once the connectivity of habitats 
has been addressed, efforts should focus on restoring hydrology, geologic, and riparian 
processes through improvement and restoration of roads and riparian areas. Instream habitat 
enhancement should be employed only after restoring natural processes or in cases where 
short-term improvements in habitat are needed. Other approaches to prioritizing restoration 
are not completely incompatible with the above strategy. Information on species of interest, 
project cost, cost-effectiveness, access, ownership and other factors can be used to modify the 
prioritization method we describe above. Finally, our review of both restoration effectiveness 
and methods for prioritizing restoration emphasize the need for watershed assessments to 
understand watershed function and restoration opportunities as well as the need for rigorous 
monitoring to determine effectiveness of restoration techniques. 

CONCEPTUALIZING w ATERSHED TO CHANNEL SCALE 

GROUNDWATER-STREAM EXCHANGE UNDER NATURAL AND 

RE-NATURALIZED CoNDITIONSAFs 

Willaim W. Woessner 

Center for Riverine Science and Stream Re-naturalization 

Department of Geology, University of Montana 

Missoula, MT 59812 

gl _ www@selway.umt.edu 

Physical and sociological constraints hamper attempts to improve or re-establish stream 
health. The role of groundwater in stream systems is usually poorly understood or ignored 
even through it underpins the ecology of stream and floodplain systems. Groundwater 
exchanges with the stream channel creating gaining, losing, flow-through and parallel-
flow reaches. Such transfers of water, nutrients and temperature are critical components 
of stream-riparian-floodplain function. Groundwater and surface water interaction also 
creates hyporheic zones, areas in which groundwater and stream water mix at the channel 
bed scale. These zones also provide critical spawning and rearing areas for several salmonid 
species. Restoration, re-naturalization and remediation of stream systems should incorporate 
groundwater-stream exchange as one of its goals. 
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RESTORATION OF GRAVE CREEK: 

APPLICATIONS, RESULTS AND LESSONS LEARNEDAFS 

John M. Muhlfeld 

River Design Group, Inc. 

911 Wisconsin Avenue, Whitefish, MT 59937 

jmuhlfeld@riverdesigngroup.net 

The Grave Creek watershed in northwest Montana has been identified as a core bull 
trout (Salvelinus corifluentus) recovery watershed. Subject to a century of land use activities 
including agriculture, grazing, logging, road construction, and rural development, Grave 
Creek is currently functioning below its probable geomorphic and biological potentials. 
In conjunction with the Montana Department of Fish, Wildlife & Parks, the USDI Fish 
and Wildlife Service, and the Kootenai River Network, we restored approximately one 
mile of channel corridor with primary emphasis on re-establishing migratory habitat for 
threatened bull trout in fall 2002. The pre-construction channel was over-widened and 
shallow with bankfull widths ranging from 45-240 feet, and a mean width to depth ratio of 
93.5. Restoration techniques included reactivating abandoned meanders and installing bank 
stabilization and fish habitat structures that incorporate large diameter woody debris. The 
designed channel reduced the mean bankfull width and width to depth ratio to 52 and 22 ft, 
respectively. Post-construction project monitoring indicated an almost nine fold increase in 
the total number of pools present in the restored section of Grave Creek, increasing critical 
pool habitat for adult migratory bull trout by 230 percent relative to baseline conditions. 
Maximum pool depths were increased by 152 percent from pre-restoration conditions. 
Eighty-two percent of the structures performed as designed following spring runoff 2003. We 
measured less than optimal performance on 18 percent of the structures. Factors affecting 
structure performance included the location of the individual structures along the meander arc 
and detachment of the Mirafai fabric from the vane logs. 

PRACTITIONERS AT RISK: 

MANAGING RISK AND UNCERTAINTY AT STREAM RESTORATIONAFS 

Dale E. Miller 

Mainstream Restoration, Inc. 

321 East Main Street, Suite 205, Bozeman, MT 59715 

dmiller@mainstreamrestoration.com 

Stream restoration projects, especially those that involve natural channel design, have 
an inherent element of risk and uncertainty. Risk involves identifying the possible outcomes 
associated with different alternatives. Uncertainty involves a situation where probabilities 
cannot be assigned to outcomes. Since most stream restoration failures are related to the 
effects of flooding, the probability of risk can often be quantified using hydro logic analysis­
if the threshold of failure is also quantified. With increased attention to geomorphic process, 
and the availability of readily applied hydraulic and sediment modeling tools, the mechanisms 
of failure can be quantified. Designers can use various techniques or measures to satisfy 
component-specific design criteria. Hydrologic probability, either unbounded by time or 
within a given time-window, can then be assigned to quantify the risks of project failure. 
Additionally, it is also appropriate to recognize the inherent uncertainty in restoration design. 
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Examples of uncertainty are the lack of sufficient, accurate or representative data, or where an 
equation or model is used at its boundary of applicability. Restoration practitioners should be 
encouraged to openly discuss and record the risk and uncertainty in their work, but should be 
careful of speaking in terms that denote certainty when such certainty does not exist. Using 
good science, practitioners should strive to describe and manage risk at a level acceptable to 
project stakeholders. Discussion of risk and uncertainty, use of design criteria, and adequate 
documentation of design will all contribute to further maturation of the profession. 

NEVADA SPRING CREEK RESTORATIO HELMVILLE, MoNTA AAFs 

Don Peters 

DJP Aquatic Consulting 

4955 E. Carlton Creek Rd., Florence, MT 59833 

fish peters@ao 1. com 

Through the efforts of numerous individuals and agencies, 4 miles of Nevada Spring 
Creek have been restored from the source to the mouth. Nevada Spring Creek suffered from 
a number of interrelated impairments due to an over-widening of the channel and severe 
nutrient enrichment. Prior to restoration maximum summer water temperatures exceeded 78° 

F within a 1/4 mile of the artesian water source. Water, livestock and land management in the 
drainage all contributed to the impaired status. Conservation easements along Nevada 
Spring Creek provided the long-term protections necessary to initiate and maintain the 
corrective restoration actions. Stream channel pattern, profile and dimension were 
mechanically altered to conform to an E4 and E6 channel type. Channel filling and new 
channel construction were two primary methods used for rehabilitating the channel. We 
utilized still evolving restoration techniques, including 1) Sod mat stacking on "high" bank 
reconstruction, 2) Alteration of bottom substrates to reduce weed growth and promote macro 
invertebrate production and, 3) A conveyor belt gravel delivery system. Maximum summer 
water temperatures have been reduced 17°F and mean water temperature declined 13 °F to 52 
°F at a point 2 mi downstream. Fall and winter thermal conditions have also been changed 
significantly with ''warmer" groundwater affecting temperatures over the entire 4 miles of 
restored stream channel. All fish species were in low abundance in 2003 prior to completion 
of restoration work, except perhaps redside shiners (Richardsonius balteatus) in the lower 
Nevada Spring Creek system. 

RocK CREEK FEASIBILITY STUDYAFs 

Bruce Anderson 

Land & Water Consulting 

P.O. Box 8254, Missoula, MT 59807 

bruce.anderson@landandwater.net 

Rock Creek is a "Blue Ribbon" stream supporting a high value coldwater fishery. A 
feasibility study was conducted to evaluate restoration strategies for the reach extending 14.5 
miles downstream from Skalkaho Road. This study endeavored to undertake a "systems 
approach" to evaluate channel process on Rock Creek. This approach sought to identify 
underlying causes of channel instability, and present recommendations to improve equilibrium 
condition. At first glance, the braided, unconfined reach of Rock Creek appears to be 
undergoing large-scale changes in channel stability, channel form, bedload transport and 
deposition, and riparian habitat. Channel morphology has probably adjusted to some degree 
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to land use, although data to support this assumption were lacking. Despite substantial agency 
and landowner experience, channel dynamics are not completely understood �n_d no consensus
exists in interpretation of cause/effect and natural versus altered channel conditions. Channel 
cross-section data were collected with survey grade GPS, and included geo-referenced 
field data (pebble counts, Rosgen classification, substrate scoring, riparian condition, �tc). 
Hydraulic analysis was performed using HEC-RAS. Braided con�itions ':e�e r�lated m 
part to land use, with inherent geological factors being the predommant dnvmg �uence. 
Imposed sediment load from upstream reaches did not appear to account for bratd�d 
conditions. Further, rather than being a net depositional or aggrading zone, the braided reach 
appeared to be a net producer of sediment. Restoration activities aimed at conversion of the 
braided reach to a single-thread morphology is not necessarily consistent with the geological 
setting, and requires tradeoffs in terms of fish habitat and recreational use. 

FISH COMMUNITY RESPONSE TO HABITAT IMPROVEMENTS IN 

WESTERN w ASHINGTON RIVERSAFS

George Pess , Phil Roni and Sarah Morley 
Watershed Program, Environmental Conservation Division 

NOAA Fisheries 
Northwest Fisheries Science Center 

2725 Montlake Blvd. E. , Seattle , WA 98112 
george.pess@noaa.gov, phil.roni@noaa.gov, sarah.morley@noaa.gov 

Roger Peters 
USDI Fish and Wildlife Service 

510 Desmond Drive SE, Suite 102, Lacey, WA 98503 
Roger_Peters@rl.fws.gov 

Habitat enhancement and restoration techniques are used in streams throughout the 
world in an effort to increase and conserve fish stocks. However, few of these techniques 
have been thoroughly evaluated. Since 1996, we have been systematically evaluating various 
habitat restoration techniques in the Pacific Northwest United States. Here we summarize 
the results of almost a decade of our research evaluating anadromous fish response to habitat 
improvement techniques including: large woody debris (LWD) and boulder weir placement, 
reconnection of off-channel habitats, and constructed side-channels. In 30 small streams, 
higher levels of coho salmon ( Oncorhynchus kisutch ), steelhead ( 0. my kiss), cutthroat trout 
(0. clarki), and larval lamprey (Lampetra spp.) were found in reaches treated with LWD 
though the level of response varied by season and species. Higher levels of coho salmon 
were also found in streams treated with boulder weirs in 12 southwest Oregon streams. An 
increase in juvenile and adult salmon abundance and species richness was found in habitats 
associated with constructed logjams in two large western Washington rivers. We analyzed 
existing smolt-trapping data from over 30 off-channel habitat enhancement projects and 
found that constructed groundwater channels were particularly productive for juvenile coho 
salmon. We then examined groundwater channels intensively and found that constructed 
channels supported higher densities of coho salmon during the winter, but fish diversity was 
higher in naturally-occurring channels. Our results suggest that common habitat improvement 
techniques increase the abundance of salmonids as well as species richness, but results vary 
by species habitat preferences, season, and magnitude of habitat improvement. 

34 ©IntermountainJournal of Sciences, Vol. 10, No. 1-4, 2004 



IMPLEMENTATION AND ASSESSMENT OF UPSTREAM p ASsAGE FOR

FLUVIAL BULL TROUT AND WESTLOPE CUTTHROAT TROAT IN A 

LARGE CLARK FORK RlvER TRIBUTARYAFS 

Ladd Knotek and Raven Rashap 

Montana Fish, Wildlife & Parks 

3201 Spurgin Rd., Missoula, MT 59804 

lknotek@state.mt. us 

Bruce Farling 

Montana Trout Unlimited 

P.O. Box 7186, Missoula, MT 59807 

Jeff McLaughlin 

Bureau of Reclamation 

Pacific NW Design Group 

1150 North Curtis Rd., Boise, ID 83706 

Rattlesnake Creek is a large (bank.full discharge~ 1000 cfs), relatively pristine fourth 

order tributary of the Clark Fork River near Missoula, Montana that supports a mixed (native 

and non-native) salmonid community. The stream has been the focus of a series of fishery 

enhancement efforts in 1999-2003 that culminated in an upstream fish passage project at 

Mountain Water Company Dam located four miles frpm the mouth. The goal of the project 

was to enhance migratory bull trout (Salvelinus confiuentus) and westslope cutthroat trout 

(Oncorhynchus clarki lewisi) populations by affording adults access to~ 15 miles of upstream 

natal spawning areas that have been completely inaccessible to fluvial trout for nearly a 

century. Project implementation was preceded by a series of disease, genetics, and species 

composition surveys, as well as testing of aspects associated with final fish ladder design, 

operation and efficiency. In 2001-2003, we also evaluated the efficacy of the project using 

radio telemetry, floy and PIT tagging, redd counts and a fish trap operated just upstream of 

the fish ladder. Monitoring indicated that the permanent fish ladder is an effective means of 

passing adult migratory trout past the dam. The timing of adult trout migrations was closely 

tied to stream temperature and discharge. Fish ladder operational schedules were developed 

that encourage species-selective fish passage. Project monitoring also provided insight on 

adult fluvial trout growth rates, movements, mortality rates and habitat use. 

ASSESSMENT OF CULVERTS AS FISH p ASSA GE BARRIER IN A

MONTANA DRAINAGE USING A MULTI-TIERED APPROACf
f
AFS 

D. Drake Burford and Thomas E. McMahon

Department of Ecology, Montana State University 

Bozeman, MT 5971 7 

drakeb@avicom.net 

Culverts may be a major factor contributing to the fragmentation and isolation of fish 
y 

populations by potentially restricting movement through important migrator corridors. 
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Culverts can impede movement of fish due to high water velocities, inadequate water depths, 
and excessive outfall heights, among other factors, depending on the swimming and jumping 
capabilities of the fishes. The objective of our study was to assess the extent to which 
culverts restrict movement of fishes across a large drainage basin. We used three different 
approaches to investigate fish passage through culverts throughout the upper Clearwater River 
drainage, Montana. First, we measured physical conditions at 48 culverts sites to determine 
fish passage status using the FishXing software package. Second, we electrofished above 
and below a subset of 23 culverts to assess what culvert characteristics may be influencing 
fish distribution, abundance, and size structure. At a further subset of 12 sites, we measured 
passage directly by monitoring movement of marked fish through culverts with varying 
physical characteristics. The large-scale assessment of culverts using FishXing indicated 
that over 90 percent impaired fish movement at some discharge. However, electrofishing 
results showed little difference in fish population characteristics above and below culverts. 
Results from the mark-recapture studies indicate that fish passage is occurring at 11 of 12 of 
the culverts studied, but over half showed a degree of restricted movement relative to control 
reaches. Our findings suggest that using a combination of methods is advantageous for 
thoroughly assessing fish passage through culverts. 

DETECTION OF (BATRACHOCHYTRIUM DENDROBATIDIS), 

THE CHYRID FUNGUS AssocIATED WITH GLOBAL AMPmBIAN 

DECLINES, IN MONTANA AMPHIBIANSAFS 

Bryce A. Maxell 
Fish and Wildlife Biology Program 

University of Montana 
Missoula, MT 59812 

bryce.maxell@wnontana.edu 

Grant Hokit 
Biology Professor 

Carroll College 
Helena, MT 59601 

Kirwin Werner 
Salish Kootenai College 

Department of Environmental Science 
P.O. Box 70, Pablo, MT 59855 

jkw@ronan.net 

. . In order to identify potential causes of declines in the northern leopard frog (Rana
pzpzens) and western toad (Bufo boreas) which have been noted since the 1980s and assess 
the risk posed to other amphibian species whose status is uncertain, we submitted 98 tissue 
samples gathered from 8 amphibian species across Montana for PCR based identification of 
th� chytri_d fungu� (B�rachochytrium dendrobatidis). This chytrid fungus has been associated
with dechnes, extirpations, and losses of numerous amphibian populations and entire species 
around �e globe over _the last 2 decades. Tissue samples from 30 musewn voucher specimens
of3 species collected m the Flathead Valley in the 1970s, prior to amphibian declines in 
the area, were all negative for B. dendrobatidis. However, 4 species and 26 of 68 tissue 
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samples gathered during inventory work across the state since 1998 tested positive for B
dendrobatidis. In light of its association with other amphibian declines, B. dendrobatidis,

acting alone or synergistically with other stressors, is a potential cause of the declines 
observed and should be regarded as an ongoing threat to Montana amphibians. In order to 
prevent additional spread of this fungal pathogen personnel working in either lentic or Iotic 
systems should thoroughly rinse and decontaminate all equipment with IO-percent bleach 
between (1) any sites where dead, dying, or ill amphibians are encountered, (2) sites located 
in different local watersheds or definitive clusters of sites, and (3) all breeding sites of sensitive 
species separated by > 1 km. 

STREAMLINING DATA COLLECTION AND ANALYSIS FOR SUPPORT OF 

TMDL AND w ATER QUALITY 

RESTORATION PLAN DEVELOPMENT IN MoNTANAAFs 

Amy Beussink (Rollins) 
USDA Forest Service 
Lolo National Forest 

Bldg 24, Fort Missoula, Missoula, MT 59804 

In recent years, the Lolo National Forest has participated in Total Maximum Daily Load 
(TMDL) and Water Quality Restoration Plan (WQRP) development for five watersheds in 
western Montana: Upper Lolo Creek (1999-2003), St. Regis River (2001-2004), Prospect 
Creek (2003 - 2004), Middle Blackfoot River (2003-2005) and Ninemile Creek (2003-2004). 
The TMDL development process for each of these 303 (d) listed water bodies has varied 
depending upon stakeholder participation, previous watershed assessment efforts, and the 
impaired beneficial uses and probable causes involved. "Aquatic life support" and "Cold­
water fishery- trout" are impaired beneficial uses common to all of these water bodies with 
some of the probable causes including habitat alteration, siltation, flow alteration, and thermal 
modification (1996 and 2002 303(d) lists). After several years of providing collaborative 
support for TMDL development in these watersheds, specific data and certain analysis 
methods and models demonstrate greater potential for establishing targets and allocations in 
the resulting Water Quality Restoration Plans. An overview of field data, analysis methods 
and models used will be provided. These include Rosgen Surveys Level 1, 2 & 3, riffle 
stability index (RSI), Rl/R4 fish habitat inventories, fish population surveys, water yield 
modeling (ECA), sediment modeling (WATSED/LoloSED, XDRAIN, Washington Method), 
culvert-fish passage assessments, queries of Forest Service databases including TSMRS and 
INFRA, and GIS analysis. Data, analysis methods and models with greatest potential will be 
highlighted, and their application to Water Quality Restoration Plans described in detail. The 
purpose of this presentation is to share insight into providing focused, efficient support of 
TMDL development so to expedite development and implementation of restoration plans. 
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THE CATRON AND NASH STORY: 

URBAN DEVELOPMENT AS A STREAM RESTORATION TOOLAFS 

Patrick Byorth 

Montana Fish, Wildlife, & Parks 

111 N 3rd Street, Livingston, MT 59047 

pbyorth@montana.edu 

In Western Montana, population growth and urban development are accelerating and 
affecting aquatic systems. For many aquatic biologists, active participation in community 
planning is critical to stream protection and restoration. Engaging in community planning 
and regulatory processes is an alternative means of restoring streams and aquatic habitats. 
Nash Spring Creek and East Catron Creek are suburban streams that were historically 
channelized for agriculture and more recently threatened by suburban development. Through 
the Natural Streambed and Land Preservation Act (310) permitting process, specifications 
and terms for realignment and restoration were directly negotiated with developers. In each 
case, the primary goal was to reconstruct each stream in a more naturally functioning state 
with improved habitat conditions. To document the affects of the reconstruction on fish, 
we conducted electrofishing surveys in several reaches of both streams. In Catron Creek, 
fish densities severely declined within a year of realignment. However, in some reaches 
fish densities and diversity increased over time. In Nash Spring Creek, total fish numbers 
recovered rapidly to levels similar to an unimpacted reach. However, channel realignment 
resulted in a shift of fish community structure. Pressures on aquatic resources created by 
suburban development are inevitable. However, biologists can instigate stream restoration and 
mitigate impacts by actively engaging in community planning and permitting processes. 

GEOMORPIDC COMPARISON OF HOLOCENE TERRACES BBETWEEN THE 

SUN RIVER, MONTANA AND THE SOPACHNAYA RIVER, KAMCHATKA: 

IMPLICATIONS TO THE FISHERIES RESOURCE RESULTING FROM 

FLOODPLAIN FUNCTION AND LAND USEAFS 

Steve Buckley and Mike Koopal 

Watershed Consulting 

410 Wisconsin Ave., Whitefish, MT 59937 

steve@watershedconsulting.com 
mikekoop@watershedconsulting.com 

Impacts of land-use activities on a salmonid fishery are well documented. However, 
geomorphic evaluation of floodplain function and departure is often overlooked. Throughout 
many of the rivers in the northern Rocky Mountains, three major Holocene fluvial terraces 
have formed as rivers abandoned their floodplain in response to global climate change after 
the end of the Pleistocene. On the Sun River, the highest Holocene terrace stands 15 ft 
above bankfull, and is rarely preserved and never inundated. The middle terrace is found 6-8 
ft above bankfull and is rarely inundated(> 100-yr flood). This feature has well-developed 
loamy soil and has been deforested and farmed. The lowest terrace is 3 ft above bankfuJJ 
and is inundated frequently (10-yr flood). The Sopachnaya River in Kamchatka, Russia has 
a similar geomorphic setting to the Sun River but flows through a pristine wilderness. There 
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are also two well-developed Holocene terraces, one at 15' and the other at 8' above bankfull 

stage. In marked contrast to the Sun River, there is no lower Holocene terrace. Instead, 

the low landforms associated with the Sopachnaya are active floodplains with orgarucally 

rich deposition and young vegetation(< 20 yrs old). Although similar in many respects, 

the contrast in land-use and flow regulation between the two rivers points to the impacts 

of floodplain function. The Sun River has lost access to a wide floodplain, the floodplain 

vegetation has become decadent and the floodplain soils have desiccated. In contrast, the 

Sopachnaya displays frequent inundation, greater stability, and increased fish habitat diversity. 

WETLAND Son FOR B10-ENGINEEREED STREAMBANK STABILIZATION 

AND WETLAND REVEGATIO '"N 

Paul B. Hook 

Consultant 

215 South 7th 

Livingston, MT 59047 

paulhook@earthlink.net 

Katie M. Salsbury and Jeffrey M. Klausmann 

Intermountain Aquatics, Inc., Driggs, ID 83422 

katie@intermountainaquatics.com 

jeff@intermountainaquatics.com 

Wetland sod is a pre-vegetated coconut fiber mat containing well-established native 

plants that have been grown hydroponically to achieve high initial root density. It provides 

immediate soil stabilization and accelerated revegetation for stream and wetland restoration 
projects. In 2002-2003 we used wetland sod and other materials to stabilize 1340 m of 

eroding streambanks at 6 sites on the Teton River, SE Idaho, a predominantly groundwater­

fed, free-flowing system. Before construction, banks averaged 1-1.5 m high and 1:1 or 
steeper slope, with silty clay loam texture and vegetation dominated by introduced pasture 
grasses. Using stable, natural reference sites as a guide, banks were excavated, reconstructed 

at an average slope of 4: 1, and stabilized using long-term erosion control fabric, wetland sod 

planted with native sedges and rushes, and containerized willows and rooted and dormant 

cuttings. Within 1 month, wetland sod was fully rooted and could not be displaced by human 

or animal disturbance. Bank treatments successfully established native plant communities 

and withstood cattle trampling, grazing and peak flow events over 1 year. Total cost was 

$246/linear meter including design, permitting, construction, revegetation, irrigation and weed 

control. In a replicated field experiment in Teton County, Wyoming, we compared wetland 

sod and six other wetland revegetation methods in an off-stream, floodplain setting. Wetland 

sod and other methods using vegetative plant materials provided superior establishment of 

target species compared to broadcast seeding, passive revegetation, or salvaged marsh surface. 

Wetland sod was uruquely effective in reducing establishment of invasive, exotic, and other 

undesirable species. 
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AQUATIC CONSERVATION EFFORTS OF A PRIVATE ORGANIZATION­

CAN WE MAKE A DIFFERENCE 

OR ARE WE JusT TURN(ER)ING CmcLES?AFS 

Carter G. Kruse 

Turner Enterprises, Inc 

1123 Research Dr., Bozeman, MT 59718 

ckruse@montana.net 

The Turner organization is uniquely positioned to conduct large-scale conservation 

projects because of our large land base and geographical extent. Our operational objectives 

are guided by the philosophy of managing landscapes in an ecologically sensitive manner 

to conserve native biological diversity while maintaining economic viability. As such, the 

objectives of our biological programs are to 1) conserve and restore native, imperiled, and 

endangered species and their habitats, 2) develop long-term working relationships with federal 

and state agencies and other non-governmental organizations to further conservation, 3) 

conduct scientifically credible research regarding conservation and management of imperiled 

species, and 4) work with and educate other private landowners. Since 1998 biologists within 

the Turner organization have worked diligently to build networks with state and federal 

agencies and implement on the ground projects. Aquatic native species conservation has 

focused primarily on native cutthroat trout (Oncorhynchus clarki) restoration projects with 

efforts ongoing to restore two subspecies on three properties in two states, including the 

infamous Cherry Creek project. Two of these projects, to our knowledge, are the largest (in 

contiguous stream km) ever attempted. We are involved in significant efforts to monitor and 

recover Chiricahua leopard frogs (Rana chiricahuensis) and Rio Grande suckers (Catostomus 

p/ebius) in the desert southwest, and restore the native bosque community along the Rio 

Grande River. The Turner "model," even considering some inconsistencies, has been very 

successful initiating on-the-ground projects as agencies and organizations recognize the 

scientific credibility, logistical organization, and financial resources that we can bring to the 

table. Ultimately, collaboration is the key to success on many of these projects and we remain 

committed to their successful conclusion. 

p ARADISE STABILIZED: JUVENILE SALMONID ABANDANCES IN THE 

y ELLOWSTONE RlvERAFS

Alexander V. Zale 

Montana Cooperative Fishery Research Unit, USGS 

Department of Ecology, Montana State University 

Bozeman, MT 59717 

zale@montana.edu 

Juvenile salmonid abundances along bank habitats of the Yellowstone River near 

Livingston, Montana, were assessed to evaluate the effects of bank stabilization on 

recruitment to the fishery. Use of stabilized main-channel banks (riprap, barbs, jetties) was 

similar or higher than that of natural, unaltered main-channel banks. Artificially-placed 

boulders and shoreline irregularities associated with stabilized banks likely attracted 

juvenile salmonids. Some natural bank reaches included little cover and were used by few 

fish. Juvenile abundances at all banktypes were low relative to other rivers and were likely 

40 © lnlermountain Journal of Sciences, Vol. I 0, No. J--1, 200./ 



insufficient to maintain the fishery; inunigration may therefore be an important component of 
recruitment here. Abundances of juvenile salmonids in ephemeral lateral side channels during 
spring runoff were higher than among main-channel banks. Bank stabilization that reduces 
the frequency and duration of inundation of side channels, or reduces side-channel formation 
rates, or directly precludes inundation or accessibility of side channels likely decreases 
juvenile fish habitat and possibly recruitment. A comprehensive understanding of recruitment 
dynamics in the Yellowstone River is necessary to competently evaluate the effects of 
anthropogenic alterations. Management of development along the Yellowstone River will 
continue to be contentious until consensus is reached on how much lateral migration the river 
will be allowed. 

CHANNEL MODIFICTION AND FISH HABITAT IN THE UPPER 

y ELLOWSTONE RNERAFS 

Zachary H. Bowen, Ken D. Bovee, and Terry J. Waddle 

U.S. Geological Survey 

Fort Collins Science Center 

2150 Centre Avenue, Building C, 

Fort Collins, CO 80526-8118 

zack _ bowen@usgs.gov 

A two-dimensional hydrodynamic simulation model was coupled with a geographic 
information system (GIS) to produce a variety of habitat classification maps for three study 
reaches in the upper Yellowstone River basin in Montana. Data from these maps were used 
to examine potential effects of channel modification on shallow, slow current velocity 
(SSCV) habitats that are important refugia and nursery areas for young salmonids. At low 
flows, channel modifications were found to contribute additional SSCV habitat, but this 
contribution was negligible at higher discharges. During runoff, when young salmonids are 
most vulnerable to downstream displacement, the largest areas of SSCV habitat occurred 
in side channels, point bars, and overbank areas. Based on simulations in modified and 
unmodified sub-reaches, channel simplification results in decreased availability of SSCV 
habitat, particularly during runoff. The combined results of the fish population and fish habitat 
studies present strong evidence that during runoff, SSCV habitat is most abundant in side 
channel and overbank areas and that juvenile salmonids use these habitats as refugia. Channel 
modifications that result in reduced availability of side channel and overbank habitats, 
particularly during runoff, will probably cause local reductions in juvenile abundances during 
the runoff period. Effects of reduced juvenile abundances during runoff on adult numbers 
later in the year will depend on ( 1) the extent of channel modification, (2) patterns of fish 
displacement and movement, (3) longitudinal connectivity between reaches that contain 
refugia and those that do not, and ( 4) the relative importance of other limiting factors. 
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AN ASSESSMENT OF REPRODUCTNE ISOLATION BETWEEN 

YELLOWSTONE CUTTHROAT TROUT AND RAINBOW TROUT IN THE 

YELLOWSTONE RNER, MoNTANAAFs 

James N. De Rito and Alexander V. Zale 

Montana Cooperative Fishery Research Unit, USGS 

Department of Ecology, Montana State University 

Bozeman, MT 59717 

jderito@montana.edu, zale@montana.edu 

Bradley B. Shepard 

Montana Fish, Wildlife, & Parks 
Montana Cooperative Fishery Research Unit 

Department of Ecology, Montana State University 

Bozeman, MT 59718 

bshepard@montana.edu 

The genomic extinction of Yellowstone cutthroat trout ( Oncorhynchus clarki bouvieri)

has occurred throughout many parts of its historic range because of introgression with 
introduced rainbow trout ( 0. mykiss ). However, relatively low levels of introgression 
have been detected in cutthroat trout within the Yellowstone River, implying they may be 
reproductively isolated from rainbow trout. If reproductive isolation exists, then determining 
its spatial and temporal components could assist managers in better conserving genetically 
pure cutthroat trout. Reproductive isolation was assessed by radio-tagging and tracking 
164 trout (98 cutthroat, 37 rainbow, and 29 cutthroat x rainbow trout hybrids) captured in 
four areas of a 133-km segment of the mainstem Yellowstone River during three spawning 
seasons (2001-2003). A total of 72 spawning fish (42 cutthroat trout, 17 rainbow trout, and 
13 hybrids) were documented moving into potential spawning sites in tributaries (n = 55) 
or within the mainstem river (n = 17) during the April through early July spawning season. 
Spatial overlap of spawning sites was documented between cutthroat trout and rainbow 
trout or hybrids in both tributaries and the river. However, both rainbow trout and hybrids 
spawned earlier than cutthroat trout. Therefore, differential timing of spawning is more likely 
the predominant mechanism for maintaining reproductive isolation. Maintaining temporal 
reproductive isolation may be facilitated by leasing water in tributary streams to allow for 
later spawning by cutthroat trout. In addition, entrainment of post-spawn cutthroat trout into 
irrigation diversions on tributary streams indicates that screening of diversions would be beneficial. 
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TEMPORAL PATTERNS OF CHANNEL MIGRATION, 

FLUVIAL EVENTS, AND ASSOCIATED VEGETATIO ALONG THE UPPER 

YELLOWSTONE RlvER, MoNTANAAFs 

Michael F. Merigliano and Mary Louise Polzin 

College of Forestry and Conservation, University of Montana 

Missoula, MT 59812 

mmerig c forestry.umt.edu 

As part of the Governor's Upper Yellowstone River Task Force and the U.S. Anny 
Corps of Engineers Cumulative Effects study along the upper Yellowstone River, we 
examined the vegetation along the river from Gardiner to Springdale, Montana. The study 
goal was to gain an understanding of fluvial geomorphic processes and it relation to flood 
plain vegetation. We used repeat photography and mapped cottonwood (Populus

angustifolia) tree ages to quantify flood plain and vegetation dynamics in several geomorphic 
settings. The reference model for flood plain dynamics was exponential decay, which 
provides a rate of erosion and deposition at steady state. Flood plain dynamics and vegetation 
composition along the upper Yellowstone River flood plain varied by geomorphic setting, 
which in tum varied from broad, un-confined braided channel systems to single-thread 
channels with narrow flood plains confined by glacial terraces and bedrock. Although the 
general appearance of the vegetation and river system is similar to that of 100 years ago, 
retrospective age distributions and real­time trend analysis reveal a reduction in fluvial 
activity, cottonwood recruitment on an area basis, and cottonwood forest area. The flood 
plain turnover period for the braided reaches is between 550 and 1700 years. Dated flood 
plain area was positively correlated with flood size, and cottonwood area decay curves 
indicate that most flood plain erosion and deposition occurs during large floods. Agriculture 
caused a net reduction in forest area in the last 50 years, but loss to natural succession was 
about twice the loss due to agricultural conversion. 

HISTORICAL CHANNEL CHANGES AND GEOMORPHOLOGY OF THE 

UPPER YELLOWSTONE RlvER"' 

Chuck Dalby and Jim Robinson 

Water Management Bureau 

Department of Natural Resources and Conservation 

1424 9th Ave. 

PO Box 201601, Helena, MT 59620-1601 

cdalby@state.mt. us, jrobinson@state.mt. us 

In response to lateral erosion and flooding caused by near 100-year floods in 1974, 1996 
and 1997, extensive segments of the upper Yellowstone River and flood plain have been 
modified using dikes, levees, riprap, and jetties (barbs). Confinement of river channels often 
leads to reduced migration rates, channel incision, bed coarsening, and loss of hydraulic 
connectivity with side-channels. As part of cooperative investigations sponsored by the 
Upper Yellowstone River Task Force, we (1) mapped the contemporary ( 1999) fluvial 
geomorphology of the upper Yellowstone River (137 km reach-Gardiner to pringdale, 
Montana) and historic channel changes (1948-1999), (2) developed a process-based 
geomorphic channel classification, e.g. modified Montgomery-Buffington, of the 1999 
channel, (3) mapped contemporary and historic (1954, 1973, 1999) channel modifications 

t lntemiounlam Journal q(Sciences, Vol 10. No 1-./, ::!00./ 43 



and revetments, and ( 4) measured and analyzed retrospective geomorphic effects of channel 

modifications (in progress). Dikes, levees, and road prisms have increased 265 percent 

(34,700 to 92,250 feet) between 1954 and 1999; riprap increased 400 percent (27,400 to 111, 

260 ft), and jetties and barbs increased 600 percent ( 4 7 to 292). Of the total channel length, 

14 percent (19 km) was strongly affected by channel modification (riprap, levees, etc); 

another 6 percent (8 km) was affected by combined natural and human constraints. Local 

channel response to confinement includes channel incision (Livingston area), aggradation and 

modification of channel alignment. In spite of these modifications, the channel is remarkably 

resilient and the overall stability and physical characteristics of about 80 percent of the study 

area remain similar to those of the Yellowstone River in 1948. 

CONTINUED INvASION OF NONNATIVE TROUT AND 

ASSOCIATED CHANGES IN FISH COMMUNITIES IN SHIELDS RlvER 

TRIBUTARIES FROM 1974 TO 2003AFS 

Bradley B. Shepard 

Montana Fish, Wildlife & Parks 

Montana Cooperative Fishery Research Unit 

Department of Ecology, Montana State University 

Bozeman, MT 59717-3460 

bshepard@montana.edu 

Nonnative brook trout (Salvelinusfontinalis) have been implicated as part of the reason 

for the documented decline of cutthroat trout (Oncorhynchus clarki spp.); however, a question 

remains as to whether brook trout continue to invade cutthroat trout habitats or whether they 

rapidly expanded following their initial releases in the early to middle twentieth century and 

have remained relatively static since that time. I assessed whether brook trout continued to 
invade Yellowstone cutthroat trout (0. c. bouveri; YCT) habitats, and whether they displaced 

cutthroat trout, in the Shields River drainage from 1974 to 2003. Sampling was repeated 

during 2001-2003 in 17 sites that had been surveyed in 1974. There was no apparent change 

in the fish community in four sites (YCT remained allopatric in three sites and YCT and 

brook trout were at similar proportions in another site); brook trout had recently invaded two 

sites; brook trout currently made up a higher proportion of the fish community in seven sites; 

Yellowstone cutthroat trout made up a higher proportion of the fish community in two sites; 

and brown trout appeared to be replacing brook trout in two sites. These results appeared to 
be spatially dependent and fish community dynamics and water temperature may be playing a 

role. These data suggest brook trout are continuing to invade habitats within the upper Shields 

drainage and often displace Yellowstone cutthroat trout, similar to what has been found for 

westslope cutthroat trout (0. c. lewisi) although in contrast to what was found in the Snake 

River drainage in Idaho. 
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THEY'RE (ALMOST) GONE: REMOVAL OF NORTHERN PIKE FROM 

MILLTOWN RESERVOIR, MONTANA-IT'S JUST LIKE PULLING 

KNAPWEED, ONLY LESS CONTROVERSJALAFS 

David A. Schmetterling 

Montana Fish, Wildlife & Parks 

3201 Spurgin Rd., Missoula, MT 59804 

dschmetterling c state.mt.us 

Illegally introduced northern pike (Esox lucius) in Milltown Reservoir represent a threat 

to resident and migratory native fishes. By 1999, northern pike were the most abundant 

species in the reservoir. I evaluated two methods to reduce the population size of northern 

pike and predation on native fish: summer reservoir drawdowns (targeting age-0 fish) and 

trap netting (to remove adults during spawning). In 2002, the population of northern pike was 

2,883 ± 663 (95% CI) and trap netting removed 985 adults (34%). By 2003 the population 

was reduced to 786 ± 169 and I trapped 432 (55%), reducing the density of northern pike by 

88 percent in 14 months. Between 2000 and 2002, bull and westslope cutthroat trout were 

seasonally common in northern pike stomachs. In 2003, none were detected in stomachs 

despite greater sampling, suggesting that the reduced northern pike population size reduced 

predation. Summer drawdowns killed an estimated 10,000 northern pike in 1999, 9500 in 

2001, 7100 in 2002, and 3670 in 2003. Whereas drawdowns from 1999-2002 only killed 

northern pike, largemouth bass, yellow perch and pumpkinseed (illegally introduced non­

native fish), in 2003 largescale suckers, and northern pikeminnow were detected, signifying 

recovery of native fishes. Any management activity that involves killing animals has the 

potential for controversy, whether from concerns over pesticides or lack of understanding 

the program's goals. Initially, managing and removing northern pike was controversial in 

Missoula, but as a result of public education, the public is supportive of northern pike control 

and ultimately the removal of Milltown Dam. 
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POPULATION CHARACTERISTICS OF LAKE TROUT IN LAKE 

McDONALD, GLACIER NATIONAL PARK: 

IMPLCIATIONS FOR REMOVALAFS 

Andrew M. Dux and Christopher S. Guy 

Montana Cooperative Fishery Research Unit 

Department of Ecology, Montana State University 

Bozeman, MT 59717 

adux@montana.edu, cguy@montana.edu 

Leo Marnell 

USDI National Park Service 

Glacier National Park, Science Center 

West Glacier, MT 59936 

leo _ marnell@nps.gov 

Wade A. Fredenberg 

USDI Fish and Wildlife Service 

Creston Fish and Wildlife Center 
780 Creston Hatchery Rd., Kalispell, MT 59901 

wade _fredenberg@fws.gov 

Native species, particularly bull trout (Salvelinus conjiuentus), have suffered dramatic 

population declines since the establishment of nonnative lake trout (Salvelinus namaycush) in 

Lake McDonald, Glacier National Park (GNP). In an attempt to prevent the further decline 

of these populations GNP is considering a lake trout removal program. This study was 

conducted to examine the population characteristics of lake trout and model the effects of 

varying exploitation on lake trout abundance and yield. Saggital otoliths were removed from 

157 lake trout captured from May through September 2003. Otoliths were sectioned and 

aged by two readers using a compound microscope. Mean length at age varied from 235 mm 

at age 5 to 465 mm at age 10 and time to reach 450 mm was 9.3 years. The von Bertalanffy 

growth model was used to estimate theoretical maximum length (730 mm), growth coefficient 

(0.104), and the time when length would theoretically equal O mm (0.102). The overall (i.e., 

sexes pooled) weight-length model was log
10 

weight = -5.44 +3.ll(log
10
length). Growth 

in length and weight was typically lower than lake trout in Flathead Lake, Montana. Our 

model simulations for a population of 100,000 individuals indicated that an exploitation of 73 

percent was needed to reduce the number of 450 mm lake trout to zero. Growth overfishing 

only occurred at 20 percent exploitation when conditional natural mortality was 1 O percent. 

These data illustrate that complete removal of lake trout in Lake McDonald is unlikely; 

however, moderate levels of exploitation did reduce yield estimates when natural mortality 

was low. 
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INTERACTIONS AMONG THREE TOP-LEVEL PREDATOR IN HARLAN 

COUNTY RESERVOIR, NEBRASK.AAFS 

Nathan W. Olson and Christopher S. Guy 
Montana Cooperative Fishery Research Unit 

Department of Ecology, Montana State University 
Bozeman, MT 59717 
cguy@montana.edu 

Keith D. Koupal 
Nebraska Game and Parks Commission 
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1617 I st Avenue, Kearney, NE 6884 7 

Walleye (Sti=ostedion vitreum), white bass (Marone chrysops), and hybrid striped bass 
(M chrysops x M saxati/is) are common top-level predators in Midwestern reservoirs. 
However, the ecology and interactions among these three species are not well understood. 
Therefore, we compared food habits and vertical distribution of walleye, white bass, and 
hybrid striped bass to quantify resource overlap. Food habits and vertical distribution 
data were collected during the evening, i.e., 2000 h to 0200 h, monthly from June through 
September 2002 and 2003. Food habits and vertical distribution data were collected from 
554 white bass (155-392 mm 1L), 241 hybrid striped bass (315-720 mm 1L), and 181 
walleye (231-962 mm TL). Diet overlap was high for hybrid striped bass and walleye in 
June (Pianka index [O) = 0.935), and was high among all three predators from July through 
September (Pianka index [0

1
k] = 0.920-0.996). Primary diet items consisted of chironomids

and freshwater drum (Aplodinotus grunniens) in June and gizzard shad (Dorosoma 

cepedianum) from July through September. Walleye and hybrid striped bass exhibited the 
greatest diet breadth (Levin's standardized index [B

A 
]= 0.031-0.130) during all months. 

Vertical distribution overlapped for all species during June in both years. Our results indicate 
substantial overlap among walleye, white bass, and hybrid striped bass with respect to diet 
and spatial distribution in Harlan County Reservoir. Thus, it is likely that competition could 
occur among these species when resources are limited. 
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LIFE-HISTORY CHARACTERSTICS OF AN AoFLUVIAL POPULATION OF 

BULL TROUT IN A NORTHERN IDAHO STREAMAFS 

Christopher C. Downs 

Idaho Department of Fish and Game 

1402 E. Spring Creek Rd., Clark Fork, ID 83 811 

cdowns@sandpoint.net 

Robert Jakubowski 

Avista Corporation 

P.O. Box 1463, Noxon, MT 59853 

j ak@sandpoint.net 

We utilized a rotary screw trap and weirs to capture migrating bull trout (Salvelinus

confluentus) in Trestle Creek, Idaho, from 2000 through 2002, in order to estimate their 
abundance, understand basic life-history characteristics, and to evaluate survival rates in the 
tributary and lake environment. Age-0 outmigrants accounted for greater than 85 percent of 
the total annual catch of juvenile bull trout in Trestle Creek in all years. We believe this is 
largely due to density-dependent competition for rearing habitat, rather than a successful life­
history strategy. Age-2 and age-3 outmigrants accounted for the majority of the outmigration 
of age-1 and older juveniles. We estimated 1276, 1094, and 1147 age-1 and older juvenile 
bull trout outmigrated from Trestle Creek in 2000, 2001, and 2002, respectively. Annual 
outmigration of juvenile bull trout occurred primarily at night in two pulses, one occurring 
in the spring and the other in the fall. The median distance moved downstream per night 
by juveniles captured in the fall was 315 m (n = 40) and 295 m (n = 17), in 2001 and 2002, 
respectively. Adult bull trout also migrated primarily at night, with 92 percent of the 
detections (n = 631) at the PIT tag weir in 2001 and 2002 occurring between sunset and 
sunrise. Of those PIT tagged adults marked in 2000 that returned to spawn in either 2001 
or 2002, 92.6 percent (n = 224) returned annually versus 7.4 percent (n = 18) returning in 
alternate years. We detected a total of224 of the 393 (56.9%) adult bull trout originally 
marked in Trestle Creek in 2000, in Trestle Creek in 2001. Based on juvenile outmigration 
and adult escapement data, we speculate juvenile rearing habitat currently represents a 
population bottleneck in Trestle Creek. We marked 889 outmigratingjuvenile bull trout with 
PIT tags and will be using their return to estimate lake survival over the next several years. 
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AsSESSMENT OF TRIBUTARY POTENTIAL FOR WILD RAINBOW TROUT

REcRUITMENT IN HEBGAN RESERvorn, MoNTANAAFs 

Darin A. Watschke 

USDA Forest Service & 
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Thomas E. McMahon 
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Conversion of trout stocking to self-sustaining wild trout populations has been a 

cornerstone of fisheries management in Montana rivers for the past 30 years. I lowcvcr, trout 

fisheries in Montana reservoirs are almost entirely maintained by stocking hatchery fish. An 

exception is Hebgen Reservoir, where wild rainbow trout (Oncorhynchus mJ,kiss) were 

established in 1979, with annual supplementation of hatchery-reared rainbow trout. 

Continued, unexpectedly low catch rates of rainbow trout led to the objective of this study to 

assess tributary recruitment of wild rainbow trout and identify potential limiting factors. A 

combination of redd surveys, adult and fry trapping, and measurement of spawning 

and rearing habitat and water temperature, was used to assess spawning w,e and habitat 

characteristics of 11 tributaries in 2002 and 2003. A total of 5642 redds were counted, 

suggesting numbers of spawners was not limiting. However, most spawning production 

(80%) was confined to two of the 11 tributaries (Duck Creek and S.Fork of the Madison 

River). Redd density was associated with available spawning habitat (percent spawning 

gravels) and rearing habitat (percent pools and ponds). Mean daily water temperature, from 

May through July, varied widely among tributaries (5.6 to 16.5 °C) while most spawning 

production (90%) was associated with temperatures from 8.5 to 13 °C. Downstream trapping 

indicated that production of age-1 + juvenile trout may contribute significantly more to 

juvenile recruitment to the reservoir than previously thought. The apparent high juvenile 

recruitment to the reservoir suggests that conditions within the reser oir may be more likely 

limiting the numbers of adult wild trout recruiting to the fishery. 
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APPLICATION OF A Two-DIMENSIONAL IIA.BITAT MODEL FOR 

INSTREAM FLOW INvESTIGATIONS ON THE FLATHEAD RlvER, 

UPSTREAM OF FLATHEAD LAKE, MoNTANAAFs 

William J. Miller 

Miller Ecological Consultants, Inc. 

1113 Stoney Hill Dr., Suite A, Fort Collins, CO 80525 

mec@millereco.com 

Doran J. Geise 

Spatial Sciences and Imaging 

1113 Stoney Hill Dr., Suite B, Fort Collins, CO 80525 
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A modified Instream Flow Incremental Methodology (IFIM) approach was used on the 

mainstem Flathead River from the South Fork Flathead River downstream to Flathead Lake. 

This study quantified changes in habitat for the target fish species, bull trout (Salvelinus 

confluentus) and westslope cutthroat trout ( Oncorhynchus clarki lewisi), as a function of 

discharge. Two- dimensional hydraulic simulations were combined with habitat suitability 

criteria in a GIS analysis format to determine habitat area as a function of discharge. Results 

of the analysis showed that habitat area is more available at lower discharges than higher 

discharges. Comparison of the pre-dam hydrology with post-dam hydrology showed that pre­

dam baseflows provided more stable habitat than the highly variable post-dam flow regime. 

The GIS analysis showed that sub-adult fish, in particular bull trout, were required to use 

less productive stream margin areas that are constantly wet and then dried as flows fluctuate. 

These areas have highly varying productivity for lower trophic levels and consequently 

are less productive for higher trophic levels, especially bull trout sub-adults. The analysis 

demonstrates that highly variable flows likely put stress on a bull trout subadult and westslope 

cutthroat trout, due to the additional movement required to find suitable habitat. The GIS 

approach presented here provides both a visual characterization of habitat as well as Arcview 

project data that can be used for additional analysis of flow regimes and spatial variability of 

habitat within the three reaches of the river. 
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BACTERIAL COLDWATER DISEASE: 

HATCHERY EPIDEMIOLOGY AND CONTROL
,.,. 
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Bacterial coldwater disease, caused by the gram-negative bacterium (Flavobacterium 

psychrophilum), has caused significant losses of hc;1tchery-reared salmonids worldwide. It is 

especially problematic at hatcheries rearing fish for native species restoration. Washoe Park 

State Fish Hatchery typically loses 30 to 45 percent of their annual westslope cutthroat trout 

(Oncorhynchus clarki lewisi) production to the disease. Using Washoe Park as a test case, our 

goal was to develop practical hatchery-management strategies to better control the pathogen and 

the disease. Our main objectives were to determine where the pathogen is, how it is transmitted, 

and what factors cause disease outbreaks. We found the bacterium in the hatchery water 

source, in water within the hatchery, and in production and broodstock fish. It was transmitted 

both horizontally and vertically, with both male and female adults passing the pathogen on 

to juveniles. Chronic stress and low levels of acute stress, such as a simulated planting event, 

did not result in disease outbreaks. However, a combination of acute stress events involved 

with moving fish to an outside environment, caused a disease outbreak. Measures have 

been implemented at Washoe Park to reduce horizontal transmission, and tactics to reduce 

vertical transmission will be tested in 2004. It is unlikely that the pathogen can be eradicated 

completely, but management to reduce the number of fish carrying the pathogen may minimize 

losses during outbreaks. 
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DOES WILDFffiE FAVOR INVASION OF NONNATIVE FISHES?AFS 
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Many studies have documented rapid recovery of fish populations following wildfire 
disturbance. However, it is not known if wildfire effects can tip the balance in favor 
of nonnative fishes. Therefore, we are testing the hypothesis that increases in stream 
temperature, sedimentation, and reduced habitat complexity following wildfires favor 
nonnative trout in mixed native and nonnative salmonid communities. We are conducting 
the study in the upper Bitterroot River drainage in western Montana, the site of a 1440 km2 

wildfire complex in 2000. Westslope cutthroat trout (Oncorhynchus clarki lewisi), bull trout 
(Salvelinus con.fiuentus), and brook trout (Salvelinusfontinalis) are patchily distributed across 
the drainage. Pre-fire fish population data for many basins in the watershed allow unique 
comparisons of changes in fish species composition and abundance among sites varying 
in fire severity, presence of fire-induced debris flows, and distance to source populations 
for colonization of defaunated reaches. We found that mean daily temperatures in reaches 
affected by high-severity fire increased by 3.7 ·c compared to 0.9 ·c in unburned reaches. 
Following initial fire-induced population declines, reaches in high-severity bums averaged a 
110 percent increase in fish abundance from 2001 to 2002. In contrast, populations in reaches 
affected by debris flows increased little from 2001and averaged only 8 percent of pre-fire 
abundance in 2002. Although analyses of 2003 data are preliminary, brook trout abundance 
appears to be increasing relative to native bull trout and westslope cutthroat trout in reaches 
with fire-induced sediment and temperature increases. 

PREDICITNG PosT-FmE SEDIMENT RisKS TO STREAMSAFs 

Kevin Hyde 

The University of Montana &USDA Forest Service 

Rocky Mountain Research Station 

Missoula, MT 59812 

kdhyde@fs.fed.us 

Severe erosion that commonly follows intense wildfires throughout the Mountain 
West radically alters aquatic habitats. Before human encroachment local fish populations 
survived these disturbances by escaping to and/or repopulating from unaffected refuge areas. 
Habitat loss and degradation limits these areas and increases the threat of post-fire erosion. 
Therefore we need to identify locations where the potential for severe post-fire erosion 
overlaps degraded or spatially limited aquatic habitat. Gully rejuvenation usually results in 
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high volume debris flows. These flows represent the most severe form of post-fire erosion. 
delivering large pulses of fine sediments, rock.')' debris, and wood from ephemeral channels 
into perennial stream systems. Gully rejuvenation is more likely to occur \\here high severity 
bums impacts relatively large portions of, and is concentrated near, watershed divides. 
This paper presents a GIS-based technique using satellite derived burn severity mapping to 
identify potential sources of severe post-fire erosion. 1st and 2nd order ephemeral basins 
are delineated and assigned a Bum Severity Distribution Index (BSDI) value. Basins with 
high values are identified as highly probable debris flow sources if the burned area receives 
a intense rainfall soon after a fire. A model is proposed to assess the risk of severe erosion 
response as a function of the BSDI. A method to co-ordinate this risk. analysis with aquatic 
habitat assessment is demonstrated. This approach may prove to be useful for Burned Area 
Emergency Rehabilitation (BAER) teams as they identify aquatic resources most at risk. 
following wildland fire. 

EFFECTS OF WILDFIRE IN AN AQUATIC HABITAT OF THE WIGWAM 

RlvER 70 YERS LATER-INSIGHTS INTO TEMPORAL DYNAMICS IN 

WATERSHED PROCESSES, CHANNEL 

CONDITION AND RIPARIAN FuNCTION Afs 

Kim C. Green 

Apex Geoscience Consultants Ltd. 

1220 Government Street, 

Nelson, B.C., Canada,VlL 3K8 

The Wigwam River situated in Southeastern B.C.-Northwestern Montana is identified 
as a key bull trout (Salvelinus confluentus) spawning habitat in the Lake Koocanusa basin 
and has been the focus of international attention for the past decade following declining bull 
trout populations during the late 1900s. A reconnaissance level hydro-geomorphological 
assessment of the Wigwam River has provided a unique insight into the long-term changes 
in watershed processes following an extensive wildfire that removed over 70 percent of 
the forest in the 40000-ha drainage during the early 1930s. The most significant changes 
in watershed processes following the fire included large sustained increases in sediment 
delivery throughout the drainage and extensive deforestation of riparian areas along much 
of the main stem channel and many of the tributary channels. These impacts have resulted 
in long-term changes in the sediment budget, riparian function and channel condition that 
have been both beneficial and detrimental to aquatic habitat. The Wigwam River study 
provides insights into the long-term effects of a large wildfire event on aquatic habitat and 
the evolution of watershed processes and channel condition in the decades following a severe 
disturbance event. Recognizing these long-term changes has provided an understanding of 
natural disturbance regimes and temporal variability of watershed and channel processes. This 
information has assisted forest managers in identifying key management concerns to protect 
aquatic values in the Wigwam River. 
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THEY'RE (ALMOST) EVERYWHERE: 

MOVEMENT PATTERNS AND HABITAT USE IN BOREAL TOADS IN 

WESTERN MONTANA BASINSAFS 
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The boreal toad (Rufo boreas) is widely distributed in western North America, but it has 
declined precipitously in the southern Rocky Mountains and may be declining in western 
Montana. Previous studies indicated that adult boreal toads were sedentary, and typically 
occupied summer habitats far from water. We devised a new method for detecting the 
presence of toads using upstream-facing hoop nets in two drainages in June 2003. In July­
August 2003 in two streams, we conducted a more intensive study of in-channel movements 
using hoop nets and PIT tags and of overall movements and habitat use using radio telemetry. 
In 17 streams in the Blackfoot and Bitterroot river basins, we captured 83 boreal toads at 13 
sites in 8 streams. Intensive trapping in Slate and Little Blue Joint creeks in the Bitterroot 
River basin produced 514 captures of 117 adult and 203 juvenile toads. Juveniles dominated 
catches initially but declined throughout summer, whereas adult catches were unrelated to 
season. Of the 125 PIT-tagged toads, two-thirds were recaptured 1-7 times in hoop nets 
and the median total distance moved was over 1 km. The median total distance moved by 
radio-tagged toads was over 2 km, but up to 12 km. Only 17 percent of relocations of radio­
tagged toads were at upland sites; 62 percent were in riparian zones and 21 percent were in 
or adjacent to water. We believe that hoop nets are effective for monitoring the presence 
of boreal toads and that boreal toad life histories may be far more aquatically oriented than 
previously recognized. 

AGE STRUCTURE, GROWTH RATE, 

AND CONDITION OF MARGARITIFERA FALCATA (GOULD, 1850), A 

NATIVE FRESHWATER MUSSEL IN WEST-CENTRAL IDAHOAFS 

Kristi Overberg 

GEI Consultants, Inc. 

127 East Front Str. Suite 216. Missoula, MT 59802 

koverberg@geiconsultants.com 

The western pearl mussel, (Margaritiferafalcate, Gould 1850) is an ecologically 
important bioindicator of aquatic health because of its ( 1) responsiveness to environmental 
change, (2) widespread distribution, (3) dependence on salmonids as a host fish for 
distribution and survival, ( 4) sedentary life style after the glochidia stage, ( 5) visible annual 
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growth rings, and ( 6) long lifespan (> 100 years). Population structure and condition of M

falcata were assessed in Bear Valley Creek (BVC), Idaho 50 years after dredging activities 

and subsequent disturbances from restoration efforts had ceased. Mussels were collected, 

measured for length and weight, and aged from five randomly chosen reaches in BVC. Fe½er 

juvenile mussels (~10 years) were observed and mussel distribution was sparser in the upper 

versus lower reaches in BVC. Mussel age ranged from 8-48 years, lengths ranged from 28-

97 mm of which half were less than 60 mm, and overall growth rates averaged 1.28 g-yr 1
. 

Growth patterns were not linear, but decreased with age from 3.90 mm-yr 1 (0-15 yrs) to 

1.85 mrn-yr 1 (15-50 yrs). Overall, BVC sustains a diverse population of Mfalcata. 

However, mussel distribution ceased in the vicinity of the old dredge site and upstream. 

Potential reasons explaining the limitation in mussel distribution include (1) chemical 

constituents in the water needed to create shell material are limiting, (2) range of host fish 

may be limited, or (3) the physical disturbance from dredging and restoration activities may 

have buried or removed some mussels in the past delaying recolonization. 

USING FISH AssESMBLAGEs AS IN01cATORS OF AQUATIC EcosvsTEM 

INTEGRITY IN MONTANA PRAIRIE STREAMs·" 

Robert G. Bramblett and Alexander V. Zale 

Montana Cooperative Fishery Research Unit 

U. S. Geological Survey 

Department of Ecology, Montana State University 

Bozeman, MT 59717 

zale@rnontana.edu 
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999 18th Street. Denver, CO 80202 
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U. S. Environmental Protection Agency 

Landscape Ecology Branch, Office of Research and Development 

P.O. Box 93478, Las Vegas, NV 89193-3478 

Prairie streams in Montana are affected primarily by non-point source pollution and 

stream habitat degradation, which make assessment with traditional methods such as water 

chemistry analysis difficult. Quantitative indicators of biological integrity are generally 

lacking for prairie streams, and little is know about what constitutes a healthy Montana 

prairie stream fish assemblage. We developed a multimetric index of biological integrity 

(IBI) for Montana prairie streams using fish assemblages. Choosing effective fish metrics 

in prairie streams is challenging because native fish assemblages are often depauperate and 

prairie fishes are adapted to harsh environment fluctuations. We screened fish-assemblage 

metrics by testing for responsiveness to anthropogenic stress, lack of responsiveness to natural 

factors, temporal stability, and lack ofredundancy. The resulting IBI was comprised of 10 

fish-assemblage metrics based on species richness and composition, tolerance to human­

induced stress, trophic and reproductive guilds, and age structure. The number of native 

species, number of native families, number of catostomid and ictalurid species, proportion of 

invertivorous cyprinids, number of benthic invertivorous species, proportion of litho-obligate 
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reproductive guild individuals, proportion of native individu�ls, and number of specie� with
long-lived individuals declined with increasing anthropoge_mc str�ss: w�e_reas p�oport1on
of tolerant individuals and proportion of tolerant reproductive guild md1v1duals mcreased 
with increasing anthropogenic stress. We propose that this IBI can be u_s�d as a quantitativ�
measure of ecosystem integrity for use in management of Montana prame streams faced with 
threats such as introduced species, agriculture, and coal bed methane extraction. 

FISH ENTRAINMENT I.NvESTIGATIONS FROM THE YELLOWSTONE, 

SUN AND ST. MA.RY RlvERS IN 2003, WITH PRELIMNARY 

EVALUATIONS OF AN EXPERIMENTAL ELECTRIC BARRIER 

AT THE ST. MARY DIVERSIONAFS 

Steve Hiebert, Juddson Sechrist and Eric Best 

USDI Bureau of Reclamation 

Fisheries Applications Research Group 

Denver, CO 80225 

Shiebert@do.usbr.gov 

Sue Camp 

USDI Bureau of Reclamation 

Montana Area Office 

Billings, MT 59107 

Jim Mogen 

USDI Fish and Wildlife Service 

Branch of Native Fishes Management 

Bozeman, MT 59717 

Efficient, economical methods are needed to reduce the loss of fishes to agriculture 
diversions. Such methods depend on developing techniques for quantifying canal 
entrainment and fish barrier effectiveness. Three entrainment projects conducted this year 
were designed to both quantify entrained fish as well as evaluate any present or future 
fish protection measures employed at the diversions. Fort Shaw (Sun River) and Huntley 
(Yellowstone River) diversions are unscreened with fyke net systems (nets) developed 
and installed to sieve 100 percent of diverted flows. At Huntley, 7628 fish were collected 
comprising 28 species, while over 2500 fish, comprising 10 species were collected at Fort 
Shaw, during 2003. Standardized sampling efforts indicated diel differences in catch for 
most species. The St. Mary diversion entrainment sampling was initiated in 2002 with nets 
sub-sampling a large portion of the irrigation flows ( 60-81 % ) in standardized effort periods. 
Netting during the 2002 season showed highest entrainment at night and later in the irrigation 
season. Bull (Salvelinus confluentus) and cutthroat ( Oncorhynchus clarki) trout represented 
relatively small proportions (1. 1 % and 9.4%) of catch totals. An experimental electrical 
barrier was installed in the canal head works during 2003 and the nets were used to conduct 
initial evaluations of its effectiveness. First year data indicates that, at the manufacturers 
recommended settings and voltage fields, the barrier has low effectiveness on small fish 
(< 200mmTL). Further work is necessary to determine appropriate settings and 
configurations; however, effectiveness and operational data obtained from the barrier 
evaluation will be valuable in determination of its utility at other sites. 
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CONFIGURING LIBBY DAM OPERATION FOR REcoVERING THE 

ENDANGERED KooTENAI WHITE STURGEON-WHAT WILL SoCIETY 

BEAR To SAVE THIS ANcrnNT SrEcrns?AFs 

Brian Marotz 

Montana Fish, Wildlife & Parks 

490 N. Meridian Rd., Kalispell, MT 59901 

bmarotz c state.mt.us 

Natural recruitment of white sturgeon (Acipenser transmontanus) in the Kootenai River 

became rare after Libby Dam became operational in 1972. Flow and temperature regulation 

resulting from dam operation have likely contributed to recruitment failure. Less than 600 

wild individuals remain and the complete loss of the wild population is predicted by 2060. 

Before the wild adults vanish, 3000-6000 of their progeny from the Kootenai 1 ribe of Idaho's 

sturgeon aquaculture facility will have survived to maturity. Ilowever, recovery of the white 

sturgeon requires natural reproduction. Evidence suggests that a naturalized spring freshet is 

needed to initiate migration to the spawning reach. Spawning now occurs over sand substrate 

unsuitable for survival. The historic spawning reach, which is thought to be further upstream, 

is heavily embedded with sand. Previously, the spring freshet flushed fine sediments from 

spawning cobble and model results indicate that a higher river stage provided a survival 

advantage for early life stages. The US Fish and Wildlife Service's 2000 Biological Opinion 

(BiOp) implemented a tiered flow strategy to assess possible thresholds between recruitment 

success and failure. The Bi Op also recommends increasing the discharge capacity of Libby 

Dam by 5,000 cfs in 2004 and an additional 5000 cfs by 2007. Unfortunately, Libby Dam 

cannot currently pass the additional 10 kcfs without the use of the spillway, and a spill 

of< 2 kcfs exceeds Montana's water quality standard of 110 percent gas supersaturation. 

Excess gas causes gas bubble trauma in river fish including federally listed (threatened) 

bull trout. Therefore, the Army Corps of Engineers is analyzing 10 alternatives to conform 

to the BiOp; all present challenges. Flows required to flush sediments may be prevented 

by human development in the flood plain. Survival of the species and public acceptance of 

recovery actions require shifting emphasis from a high spring peak to a gradually descending 

hydrograph, and from the spawning period to survival during the first few months of life. 

SHEPPARD CREEK: A CASE STUDY OF A BROOK TROUT 

ELECTROFISHING REMOVAL EFFORT AND LESSON LEARNEl) AFS 

Beth Gardner 

Flathead National Forest 

Swan Lake Ranger District 

200 Ranger Station Rd., Bigfork, MT 59911 

bgardner@fs.fed.us 

Sheppard Creek contains one of the last, remnant westslope cutthroat trout 

( Oncorhymcus c/arki lewisi) populations in the Stillwater River basin. Unfortunately, recent 

monitoring indicated that this population was declining rapidly. The imminent threat to 

cutthroat trout persistence was judged to be competition from non-native brook trout rather 

than habitat degradation. The Flathead National Forest, along with numerous partners, 

installed a barrier to block any further invasion and then began a S)-Stematic removal of brook 
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trout by means of electrofishing. Electrofishing crews made multiple passes over 3.8 mi of 
habitat every year for three years. All brook trout were counted and removed, while cutthroat 
trout were released unharmed. No habitat restoration took place. Following three consecutive 
years of work, the brook trout population decreased by 95 percent from an estimated total 
population of 5622 to 283. Cutthroat trout numbers are estimated to have climbed from 252 to 
864. These results demonstrate that electrofishing removal of brook trout can be an effective
method to stabilize and possibly recover a cutthroat trout population. A lesson learned is that
this method is less controversial than chemical treatment and can be quickly implemented.
This is a labor-intensive method but costs can be reduced by selectively focusing efforts on
key spawning areas and employing volunteers. The long-term prognosis of this project is
uncertain. Crews may be able to ultimately remove all brook trout, but if not, periodic efforts
should be able to keep Sheppard Creek cutthroat trout numbers more secure.

THE UN-STREAMING OF MITCHELL SLOUGH; How LANDOWNERS 

ALONG A SPRING CREEK WILL NOT BE 

REQUIRED TO OBTAIN 310 PERMITSAFS 

Chris Clancy 

Montana Fish, Wildlife & Parks 

3201 Spurgin Rd., Missoula, MT 59804 

cclancy@state.mt. us 

"It looks like a stream. The fish think it's a stream. So it must be a ditch," is how one 
individual described a recent decision by the Bitterroot Conservation District (BCD). In 
the 4-1 vote the BCD ruled that Mitchell Slough is not a natural perennial flowing stream 
and therefore stream alteration work will not require 310 permits. Mitchell Slough is a 10-
mile long body of water that evidence indicates was once historic sloughs and channels of 
the Bitterroot River. Agricultural modifications over the years have changed the flow and 
geomorphic patterns of Mitchell Slough. It is fed by Bitterroot River water diverted at a 
headgate, yet it gains considerable amounts of groundwater, and conductivity is significantly 
higher where it re-enters the Bitterroot River. Historically, it supported a diverse fishery, 
including a moderate population of trout. Recent work by some landowners has likely 
increased the trout population and it appears to be a significant spawning area for Bitterroot 
River rainbow and brown trout. Yet, at this time, stream alteration work will not require 310 
permits. The BCD reached it's decision largely based on data provided by consultants. Public 
agencies were not allowed access to key properties. 
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OVERVIEW OF RAINBOW TROUT BROODSTOCK MANAGEMENT AND 

EGG PRODUCTION TECHNIQUE 

AT ENNIS NATIONAL FISH IIATCHERYAFS 

Sean H. Henderson 

Ennis National Fish Hatchery 

180 Fish Hatchery Rd., Ennis, MT 59729 

sean _ henderson@fws.gov 

It isn't often that two broodstock fish culturists from different facilities cross paths. 
Most techniques utilized at any given facility are a result of shared ideas but also, of ten, the 
result of practical inspiration formed out of ingenuity and trial and error. Over the last twenty 
years there have been several important advances in broodslock management, spawning, 
and egg handling methods. Many of these ideas have either been adopted or developed al 
Ennis National Fish Hatchery. What follows is a survey of methods and techniques current) 
applied at Ennis National Fish Hatchery and include four significant aspects of brood stock 
management: Genetics, Nutrition, Egg Handling/ Incubation and a review of Spawning 
Technique. It is hoped that through sharing information some of the above mentioned ideas 
will provide material for other broodstock/ production facilities and vice versa. 

POSTER PRESENTATIONS 

TRAMMEL NET EFFICIENCY FOR 

JUVENILE pALLIO AND SHOVELNOSE STURGEON AfS 

Eric W. Oldenburg, Paul C. Gerrity, and Christopher S. Guy 

Montana Cooperative Fishery Research Unit 

Department of Ecology, Montana State University 

301 Lewis Hall, Bozeman, MT 59717 

cguy@montana.edu 

William M. Gardner 

Montana Fish, Wildlife, & Parks 

P.O. Box 938 

2358 Airport Rd., Lewistown, MT 59457 

bgardner@state.mt. us 

Pallid sturgeon (Scaphirhynchus a/bus) and shovelnose sturgeon (Scaphirhynchus

platorynchus) have declined throughout the Mississippi River basin because of anthropogenic 
habitat alterations. To accurately document continued decline or recovery of sturgeon 
(Scaphirhynchus spp.), the efficiency of sampling these species needs to be evaluated. 
Drifting trammel nets are considered to be an important tool for sampling sturgeon in lotic 
systems. However, little information exists on the efficiency of drifting trammel nets for 
sampling sturgeon. Thus, our objective was to evaluate the efficiency of drifting trammel nets 
for sampling juvenile pallid sturgeon and shovelnose sturgeon. In July and Augu t of 2003. 
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we attempted to recapture 10 radio-tagged juvenile pallid sturgeon and shovelnose sturgeon 
in the Missouri River above Fort Peck Reservoir. After a radio-tagged fish was located, a 
trammel net was deployed 75 m upstream and retrieved 45 m downstream of the fish location. 
A maximum of four drifts were attempted at each location. Overall efficiency was 3 5 percent; 
whereas, first drift efficiency was 40 percent, second drift efficiency was 50 percent, and all 
remaining drifts were unsuccessful. Capture efficiency was 60 percent when combining the 
first and second drifts. Stepwise logistic regression was used to model the probability that a 
drift would not capture a sturgeon. However, none of the abiotic variables were significant 
(P > 0.05) in the logistic regression model. Nevertheless, these results suggest that drifting 
trammel nets are a relatively effective sampling gear for pallid sturgeon and shovelnose 
sturgeon. 

Fooo IIABus OF HATCHERY-REARED JUVENILE P ALLIO STURGEON 

AND JUVENILE SHOVELNOSE STURGEON IN THE MISSOURI RIVER 

ABoVE FORT PECK REsERvom, MoNTANAAFs 

Paul C. Gerrity And Christopher S. Guy 

Montana Cooperative Fishery Research Unit 

Department of Ecology, Montana State University 

Bozeman, MT 59717 

pcgerrity@montana.edu 

William M. Gardner 

Montana Fish, Wildlife, & Parks 

P.O. Box 938 

2358 Airport Rd., Lewistown, MT 59457 

bgardner@state.mt. us 

Natural recruitment of pallid sturgeon (Scaphirhynchus a/bus) has not been observed in 
the Missouri River above Fort Peck Reservoir, Montana, for at least the past 20 years. In an 
effort to recover the species, 736 age-1 hatchery-reared juvenile pallid sturgeon (HRJPS) were 
released in 1998 and 2,300 were released in 2002. However, the ecology of juvenile pallid 
sturgeon is relatively unknown, and more scientific information is needed to assist in the 
recovery of the species. Therefore, we examined the stomach contents ofHRJPS and juvenile 
shovelnose sturgeon (JSNS) (Scaphirhynchus platorynchus) from the Missouri River above 
Fort Peck Reservoir from June through September 2003. Stomach contents from HRJPS and 
JSNS were obtained using a gastric lavage to allow captured fish to be released unharmed. 
Gastric lavage was performed on 61 JSNS and 16 HRJPS. Stomach contents were obtained 
from 50 percent of the HRJPS and 71 percent of the JSNS. Fish remains, Ephemeroptera 

nymphs, Chironomidae larvae, Trichoptera larvae, plant material, and detritus were found 
in HRJPS stomach contents. Fish composed the majority of the wet weight ofHRJPS diets 
(82%), while Chironomidae composed 93 percent of the diet by number. Aquatic invertebrates 
composed the majority of the diet for shovelnose sturgeon. In addition, no fish were found 
in any shovelnose sturgeon stomach contents. This is the first documented food habits data 
for juvenile pallid sturgeon and these data illustrate that pallid sturgeon are piscivorous as 
juveniles. 
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THE KOOTENAI RlvER NETWORK (KRN)AfS 

Rox Rogers 
NW Montana Partners for Fish and Wildlife Program, Kootenai River Network 

Creston Fish and Wildlife Center 
780 Creston Hatchery Rd., Kalispell, MT 59901 

rox _rogers@fws.gov 

The Kootenai River Network (KRN) is an international alliance for water quality 

and aquatic resources. The group formed late in 1991 in response to citizen's concerns of 

threatened or deteriorating water quality and aquatic resources in the Kootenai ruver Basin. 

KRN's mission is to operate as "a cooperative international partnership of individuals, diverse 

citizen groups, and agencies dedicated to the utilization, restoration, promotion and protection 

of water resources in the Kootenai-Kootenay ruver watershed." To accomplish this mission, 

the following goals have been developed: 1) Involve individuals and their communities in 

sharing the value of the Kootenai/ay watershed; 2) Improve communication among agencies 

and diverse citizen groups throughout the Kootenai/ay watershed; 3) Facilitate habitat 

enhancement and rehabilitation; 4) Fully use best available science practices to facilitate 

proactive water resources management; and 5) Pursue coordination of efforts regarding Water 

Resources models and measurement techniques. The KRN has been successful in bringing 

together interstate, international, and tribal interests of different political jurisdictions to 

form a watershed-based organization dedicated to solving priority environmental problems 

and bridging jurisdictional obstacles to achieve watershed management. The KRN would 

like an opportunity to set up an educational display at the MT AFS meeting. The function 

of the display is to convey, at a glance, the essence of the Kootenai/ay ruver network. In 

order to capture viewer's attention and convey our messages, we are using a combination of 

pictures with cut-lines of text on an upright display. The display demonstrates KRN activities 

such as partnerships, educational workshops, site tours, committees, mission statement, and 

profiles habitat restoration activities in the Kootenai/ay to benefit native fisheries and wetland 

dependant wildlife. The display will either be a stand-up or table-top display. 

WILD FISH HABITAT INITIATIVE: TECHNICAL RESOURCES ON HABITAT 

RESTORATION FOR RESOURCE PROFESSIONALS 

AND PROJECT MANAGERSAFS

M. Boucher, W.C. Fraser, and M.D. White
Montana Water Center, Montana State University 

101 Huffman, Bozeman, MT 59717 
mboucher@montana.edu, wfraser@montana.edu, mdwhite@montana.edu 

Habitat degradation is one of the principal reasons for the listing of wild fish as 

"threatened" or "endangered" under the Federal Endangered Species Act and can exacerbate 

the detrimental effects of fish predators, exotic competitors, and diseases such as whirling 

disease. In addition, land values are diminished by habitat degradation and the subsequent 

loss of wild fish populations. In recent years, many fish habitat enhancement and restoration 

techniques have been implemented; project results, however, have not been shared widely 

and their efficacy is not well understood. The Wild Fish Habitat Initiative seeks to augment 

the success of habitat restoration programs by conducting targeted research related to 

habitat restoration techniques, and by implementing a technology transfer program to share 
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infonnation on project results and to provide technical infonnation to land owners and project 
managers. Research projects administered through the Initiative include investigations on 
thennal tolerances of westslope cutthroat trout (Oncorhymcus clarki lewisi), the epidemiology 
and control of Bacterial Coldwater Disease, and the effectiveness of irrigation diversions 
in western Montana. The technology transfer program includes online bibliographic and 
restoration manual resources, as well as a case history database of restoration projects 
implemented in the intennountain west. 

FRIDLEY CREEK RECONNECTION PROJECPFS 

Daniel E. March 

Land & Water Consulting, Inc. 

801 N. Last Chance Gulch, Helena, MT 59601 

dan.march@landandwater.net 

Fridley Creek is located south of Emigrant, Montana flowing east out of the Gallatin 
Range into the Paradise Valley. The stream was historically a tributary to the Yellowstone 
River but has been disconnected due to interception by an irrigation canal. Reconnection of 
Fridley Creek to the Yellowstone River allows a positive exchange of fish between the two 
systems that did not occur before the project. Re-establishing fish exchange is especially 
beneficial at this location because so many tributaries in this portion of the drainage are 
disconnected or are severely dewatered each year. Fridley Creek already supported a self­
sustaining population of native Yellowstone Cutthroat trout ( Oncorhymcus clarki). The 
reconnection will aid increased spawning and recruitment of Yellowstone Cutthroat to the 
Yellowstone River. The poster presentation will discuss: Benefits to native trout, water rights, 
fish passage, sediment transport and other design considerations of reconnection of Fridley 
Creek to the Yellowstone River. 

DISTRIBUTION, SPECIES RICHNESS, 

AND PREDICTIVE MODELING OF MONTANA PRAIRIE FISHESAFS 

Melissa R. Jones-wuellner, Robert G. Bramblett, 

Christopher S. Guy, And Alexander V. Zale 

Montana Cooperative Fishery Research Unit 

Department of Ecology 

Montana State University 

Bozeman, MT 59717 

m jones@montana.edu 
The distribution and abundances of fish in prairie streams of eastern Montana are poorly 

known. Knowledge of fish assemblages and their habitat is critical to effectively conserve 
species and their environment. In 1999, the Montana Cooperative Fishery Research Unit 
initiated a large-scale research program to gain a better understanding of prairie-stream 
ecosystems; four Montana Fish, Wildlife, and Parks regions joined the effort in 2003. Most 
sampling locations were at streams that had no previous fish collections. Thirty-eight fish 
species were sampled; 28 species were native and 10 were introduced. Species richness 
varied from 0 to 17 per sample. The most common native species was fathead minnow 
(Pimephales promelas) and common carp (Cyprinus carpio) was the most prevalent 
introduced species. Although many streams sampled were intennittent with isolated pools, 
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most (82%) sites had fish present. In-stream habitat features, including widths, depths, and 

substrates were measured. Landscape habitat features including elevation, watershed area, 

soil type, and connectivity were obtained from GIS databases. As a pilot effort, we prepared 

models for the Musselshell River basin using landscape and site-level habitat data to predict 

the presence or absence of fish species. Additionally, we will construct models for all fish 

species in the prairie ecoregions of Montana, and assess the relative importance of site-level 

and landscape habitat features. By identifying the relationships between fish distribution 

and habitat characteristics, we hope to identify critical habitat for conservation of native fish 

species and assemblages. 

INFLUENCE OF WATER TEMPERATURE A.No COMPETITION ON 

GROWTH A.No SURVIVAL OF WESTSLOPE CUTTHROAT TROUT, 

0NCORHYNCHUS CLARKJ LEWIS] AFS 

Beth A. Bear And Thomas E. McMahon 

Department of Ecology, Montana State University 

Bozeman, MT 59717 

bbear@montana.edu, tmcmahon@montana.edu 

Alexander V. Zale 

Montana Cooperative Fishery Research Unit 

Montana State University 

Bozeman, MT 59717 

zale@montana.edu 

Historically, westslope cutthroat trout ( Oncorhynchus clarki lewisi) ranged widely 

over western Montana, Idaho, and portions of eastern Washington and Oregon. Like many 

cutthroat and other native trout, westslope cutthroat trout now persist in only a small portion 

of their native range, and are listed as a "species of special concern" in Montana. Leading 

causes for their decline are habitat degradation and displacement by nonnative rainbow trout 

(Oncorhynchus mykiss), and brook trout (Salvelinusfontinalis). Many remaining populations 

are isolated in cold, headwater portions of streams that westslope cutthroat trout previously 

occupied entirely. Water temperature may play a critical role in segregating westslope 

cutthroat trout because it significantly influences the distribution, growth, and survival of 

salmonids. In addition, increased water temperature is thought to favor non-natives in many 

cases, yet the effect of temperature on competition between westslope cutthroat trout and 

non-natives is unknown. Furthermore, hybridization between westslope cutthroat trout 

and nonnative rainbow trout has resulted in a decline in populations of genetically pure 

westslopes. However, little is known about the thermal requirements of westslope cutthroat 

trout and of westslope cutthroat x rainbow trout hybrids, which now occur widely across 

the historical range of pure westslope cutthroat trout. This laboratory study aims at testing 

how temperature affects the vital processes of growth and survival of westslope cutthroat 

trout. This study will use a laboratory design that allows simultaneous assessment of fish 

growth and survival under different thermal regimes over long time periods. This study will 

compare the thermal requirements of wests lope cutthroat trout, rainbow trout, brook trout, and 

westslope cutthroat x rainbow trout hybrids. With increased global warming, warmer water 

temperature in streams may constitute a major problem for native, cold-water species such as 

westslope cutthroat trout. Understanding the effect of water temperature on this unique trout 

will help guide protection and restoration efforts in the future. 
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NEw TooLs To MosAic AND GEOREFERENCE IMAGERY: 

DIME "THE NEW TooL"SHowcASING THE FLATHEAD NATIONAL 

FoREST PosT FmE MANAGEMENTAFs

Dale R. Johnson 

Positive Systems, Inc. 

Whitefish, MT 59937 

djohnson@possys.com 

With the introduction of new imagery from satellites, digital cameras and the increased 
use of scanned film aerial photography, there is a great need for tools that quickly and cost 
effectively mosaic and georeference imagery to use in a GIS or Image Processing Systems. 
New technology and production processes, such as those found in the DIME Software, 
have recently been developed to allow users to preprocess their imagery more efficiently so 
that it can easily become a useful addition to their GIS. This new, lower cost, capability is 
particularly useful in applications such as Timber Management, Environmental Monitoring, 
or other Land Management activities and applications. The Poster will show a recent image 
mosaic of the Flathead National Forest, 2003 fire and discuss potential uses of that imagery. 
Positive Systems is a products and service company based in Whitefish Montana. Past and 
current customers include NASA, the USDA Forest Service and Farm Service Agency. 

PRELIMINARY EVALUATION OF ENTRAINMENT LOSSES AND THE 

EFFICIENCY OF FISH SCREENS AT SKALKAHO CREEKAFS

Steve Gale And Alexander V. Zale 

Montana Cooperative Fishery Research Unit 

Montana State University 

301D Lewis Hall 

Bozeman, MT 59717 

sgale@montana.edu 

We are quantifying entrainment of downstream-migrant westslope cutthroat trout 
( Oncorhynchus clarki lewisi) into seven irrigation canals on Skalkaho Creek, a 40.1-km long 
tributary of the Bitterroot River. Post-spawn adults migrating back to the Bitterroot River, 
age-1 juveniles migrating downstream from nursery reaches, and age-0 juveniles migrating 
downstream after emergence are believed to be entrained, become trapped, and die in the 
irrigation canal system, but the magnitude of this loss is unknown. Private landowners 
and irrigators in the drainage have expressed concern over this problem and the Montana 
Department of Fish, Wildlife and Parks will install fish screens in 2004 at three diversions to 
preclude such losses. We are quantifying the entrainment of westslope cutthroat trout before 
(2003) and after (2004) installation, as well as the efficiency of the three fish screens after 
installation. Radio telemetry is used to track movements of 30 adult and 50 age-1 westslope 
cutthroat trout annually in Skalkaho Creek to determine their fate. Trap netting in irrigation 
ditches is used to estimate abundances of entrained age-0 juveniles. Passage efficiency of 
fish screens is assessed by PIT-tagging entrained fish to determine bypass success rates and 
durations. No radio tagged adults were entrained in 2003. Pluvial adults were able to migrate 
upstream and downstream past the diversion dams. Both age-0 and age-1 juveniles were 
entrained by the Highline Ditch, the furthest upstream canal. It diverts most of Skalkaho 
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Creek during the peak of the irrigation season, which corresponds to the peak of emergence 
and downstream movement of age-0 westslope cutthroat trout. 

CLARK FORK RlvER RESPONSE To REDUCTION IN NUTRIENT 

LOADING FROM w ATERSHEl)AFS 

Vicki Watson 

Environmental Studies 

University of Montana 

Missoula, MT 59812 

vicki.watson@umontana.edu 

Gary Ingman, John Babcock and Bruce Anderson 

Land & Water Consulting 

P.O. Box 8254, Missoula, MT 59807 

In 1998, a public-private partnership signed an agreement to reduce nutrient loading to 
the Clark Fork River to address nuisance algae growths in the river. In the intervening years, 
nutrient loads and concentrations have been reduced at most sites for some nutrients, but not 
for the critical nutrient soluble nitrogen. Changes in algae levels are more difficult to detect 
because of the great variability in algae levels that are influenced by many factors in addition 
to nutrients. Statistical trends in instream nutrient and algae levels from 1998 to 2002 are 
presented. Recommendations are made for future monitoring and restoration actions. 

CAN PASSNE SOLAR HEATING BE USED 

TO CONTROL THE SPREAD OF NEW ZEALAND Mun SNAILS?AFs 

Robert H. Wiltshire 

Federation of Fly Fishers 

215 East Lewis, Livingston, MT 5904 7 

ffdc@fedflyfishers.org 

Since the first discovery of New Zealand mud snails (Potamopyrgus antipodarum) in 
Idaho's Snake River in 1997 they have spread to many waters in the West. Anglers and other 
recreationists are likely vectors in the transfer of this invader and all prevention programs 
must include public participation. Unfortunately, the public requires practical solutions before 
they will voluntarily change their behavior. It is known that Potamopyrgus is sensitive to high 
temperatures. Exposures of 40 °C (104 °F) for two hours can be lethal to Potamopyrgus and 
exposures to hotter temperatures prove lethal in shorter times. This experiment wa designed 
to determine if solar heated equipment storage containers could produce lethal temperatures. 
A variety of equipment storage containers were tested under differing conditions to determine 
if passive solar heating would develop and sustain temperatures that were high enough to 
provide sterilization. Our results show that although air temperatures inside the storage 
boxes exceeded 68 °C ( 155 °F) the insulating effects of the materials placed in the containers 
resulted in a failure to achieve lethal temperatures in all areas of the containers 
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BIOLOGICAL SCIENCES - TERRESTRIAL 

SNOWSHOE HARE RESPONSE TO PRE-COMMERCIAL THINNING 

IN NORTHWEST MONT ANATWS 

David E. Ausband 

Wildlife Biology Program 

University of Montana 

Health Sciences 203, Missoula, MT 59812 

G. Ross Baty

Montana Department of Natural Resources and Conservation 

2705 Spurgin Rd., Missoula, MT 59801 

We assessed snowshoe hare (Lepus americanus) response to 2 distinct pre-commercial 

thinning treatments on a state forest in northwest Montana. One treatment retained five 0.2-

ha patches of unthinned saplings totaling 8 percent of the sapling stand area, and the second 

retained five 0.8-ha patches totaling 35 percent of the sapling stand area. Hare use was also 

estimated within nearby mature conifer stands and a control sapling stand. We used snow 

tracking and fecal pellet density to estimate hare use before and after thinning treatments were 

applied. Hare use of sapling stands generally declined after thinning. However, results suggest 

that dense sapling patches retained at the 35 percent retention level may have provided habitat 

conditions similar enough to the unthinned control stand to not appreciably influence their 

use under the conditions we observed. Hares used retention patches regardless of size, even 

though large retention patches were four times larger than small retention patches. Because 

hares demonstrated a significant affinity for dense patches of residual forest any retention of 

untreated sapling patches may be beneficial for hares when applying pre-commercial thinning 

treatments. Use within a mature forest stand declined after thinning treatments were applied 

to 2 adjacent sapling stands suggesting that pre-commercial thinning may have broader effects 

than those directly associated with treated sapling stands. Results from the control stand and 

an adjacent mature stand suggest that during winter hares may benefit from maintaining a 

mosaic of suitable habitat patches within close proximity or connected to one another when 

applying pre-commercial thinning treatments. 
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RECOVERY AND DELISTING OF THE GRAY WOLF 

IN MONTANA, IDAHO, AND WYOMINGTWS 

Edward E. Bangs, Joseph A. Fontame, Michael D. Jimenez, Thomas J. Meier 
USDI Fish and Wildlife Service 

100 N. Park, #320, Helena, MT 59601 

Carter C. Niemeyer 
tJSDI Fish and Wildlife Service 

1387 Vmnel Way, Rm. 368, Boise, ID 83709 

Douglas W. Smith 
P.O. Box 168 

Yellowstone National Park, WY 82190 

CurtM. Mack 
Nez Perce Tribe 

1000 Mission, McCall, ID 83638 

Val Asher 
Turner Endangered Species Fund 

1123 Research Drive, Bozeman, MT 59718 

Larry Handegard v 
Montana State Director, USDA Wildlife Services 

P.O. Box 1938, Biflings, MT 59103. 

Mark Collinge 
Idaho State Director, USDA Wildlife Services 

9134 W. Blackeagle Dr., Boise, ID 83709. 

Rod Krischke 
Wyoming State Director, USDA Wildlife Services 

P.O. Box 59, Casper, WY 82602. 

Carolyn Sime 
Montana Department of Fish, Wildlife and Parks 

490 N. Meridan Road, Kalispell, MT 59901 

Dave Moody 
Wyoming Game and Fish Department 
260 Buena Vista, Lander, WY 82520 

Steve Nadeau 
Idaho Department of Fish and Game 

600 S. Walnut, P.O. Box 25, Boise, ID 83707 

Gray wolf (Canis lupus) populations were eliminated from the western United States by 
1930. Naturally dispersing wolves from Canada recolonized northwestern Montana in the 
1980s. In 1995 and 1996 wolves from western Canada were reintroduced to central Idaho and 
Yellowstone National Park, Wyoming. By late 2003, about 750 wolves were being managed 
in those three states under the federal Endangered Species Act. Wolf recovery proceeded 

< lntermountainJournal ofScimce1, Vol. 10, No. 1-4, 2004 67 



more quickly, with more benefits (public viewing and restoration of ecological processes) and 
fewer problems (livestock and pets depredations) than predicted. However, between 1987 
and December 2002, a minimum of 237 cattle, 593 sheep, 57 dogs, a horse, and 9 llamas 
were killed by wolves and nearly $275,000 was paid from a private damage compensation 
fund. The USDI Fish and Wildlife Service relocated 117 wolves and killed over 150 to 
reduce future conflicts. Management also included non-lethal tools such harassment, barriers, 
guard animals, altering wolf activity patterns, livestock management, and practical research. 
Confirmed livestock loss from wolves is regionally uncommon, i.e., wolves caused 0.04 
percent and 0.03 percent of all sheep and cattle deaths in Montana, Idaho, and Wyoming in 
2000, but is inordinately controversial and significantly affected a few producers. Many 
hunters perceived that wolf predation dramatically reduced elk populations and hunter 
harvest and this issue became extremely controversial. Because over 85 percent of adult 
wolf mortality is human-caused, the interagency recovery program emphasizes resolving 
the concerns of local people to increase their tolerance of wolves. Wolves were reclassified 
from endangered to threatened status in April 2003 to recognize their recovery and to increase 
options for problem wolf management. Litigation by some environmental groups over 
reclassification is ongoing. The wolf population achieved its numerical, distribution and 
temporal recovery goal in December 2002. Montana, Idaho, and Wyoming finalized their 
state wolf management plans by September 2003. They will regulate human-caused mortality 
through defense of property regulations and public harvest programs so that wolves will not 
again be jeopardized with extinction. A proposal to delist wolves could occur by early 2004, 
and by late 2004 wolves could be managed solely by the states. 

SMALL ASPEN STAND DYNAMICS IN THE ELKHORN MOUNTA.INSTWS 

Jodie Canfield 

Elkhorn Coordinator and Wildlife Biologist 

Helena National Forest 

415 South Front Street, Townsend, MT 59644 

In an effort to better understand the dynamics of small aspen (Populus tremuloides)

stands in dry habitats, the Slim Sam aspen project, located in the southeast portion of the 
Elkhorn Mountains, was initiated in 1999. Eighteen aspen stands were inventoried. Before 
treatment, on average, there were about four live sprouts/100 ft2 and aspen stands were 
generally in a state of decline. Factors contributing to the decline in the Slim Sam project 
area included shading from conifers, old age, and browsing and mechanical damage from 
livestock, moose, and elk. Eight stands were burned in the spring 2002. Six of the burned 
stands were fenced with 7-ft high wildlife fencing during summer 2002. In 8 of 18 stands, 
conifers were removed and placed around the outside of the stand to provide some protection 
from browsing animals. Two of the stands were not treated. Following the initial treatments, 
ground cover and sprout densities were assessed for two field seasons. This presentation 
summarizes the dynamics of different treatments in isolated aspen stands and compares cost 
and effectiveness of treatment types. 
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RECOVERY OF THE BALD EAGLE IN MONTANA-AN u PDATETWS 

Kristi Dubois 
Native Species Coordinator 

Montana Fish, Wildlife And Parks 
3201 Spurgin Rd, Missoula, MT 59804 

Bald eagle (Helicoetus leucocephalus) populations have been increasing in Montana and 
throughout most of the U .. since 1980 and now exceed recovery goals in most areas. The 
current Montana population is over 300 nesting pairs. Delisting of the species will likely 
occur within the next few years. The Montana Bald Eagle Working Group is developing a 
post-delisting monitoring plan. I summarize a brief history of bald eagle management and 
population trends in Montana and provide an update on the delisting process. 

USING LAND USE PLANNING TO PROTECT 

MONTANA'S WETLANDS AND RIPARIAN AREASTWS 

Janet H. Ellis 
P rogram Director 

Montana Audubon 
P.O. Box 595, Helena, MT 59624 

As more and more people choose to build h�mes next to Montana's streams, rivers, 
lakes, and ponds, and as property values increase, pressures to develop our state's wetlands 
and riparian areas are increasing-often to the detriment of the very qualities that attracted 
buyers in the first place. As explained in A Planning Guide for Protecting Montana's Wetlands 
and Riparian Areas, many of the impacts to these areas can be avoided by land use planning 
decisions made at the local level. An overview of the handbook will be presented, along with 
information on how to determine an effective buffer size, and examples of how numerous 
communities-from Powell County to the city of Missoula, and from Chouteau County to 
the city of Bozeman-have used the principals outlined in the book to protect important 
resources. An update will be given on protection measures adopted by local governments 
since the guide was published. This publication was a cooperative venture between Montana 
Audubon, Montana Watercourse, and the Montana Department of Environmental Quality. 

CLIMATE CHANGE IN MoNTANATWs 

P hil Fames 
Hydrologist, Snowcap Hydrology 

P.O. Box 691, Bozeman, MT 59771-0691 
fames@rnontana.net 

Records from climatological stations having approximately 100 years of record and snow 
courses with approximately 75 years of record were analyzed to determine how temperatures, 
precipitation, and snowpack have changed over the last century. Only stations that were not 
moved and those that had substantially complete data were analyzed. Comparisons have 
been made for annual and seasonal temperature and precipitation for stations in Montana and 
northwestern Wyoming. Many Montana snow courses have been measured since the mid-
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1930s. Three snow courses that were established in Glacier National Park (GNP) in 1922 are 

still being measured on May l. OnJy the 1 April (1 May for GNP) snow water equivalent 

(SWE) for snow courses that have been measured manually since the 1930's and have not 

been relocated were analyzed. Reduction in manual measurements due to implementation of 

the SNOTEL network has eliminated most of the early-season manual surveys and most of 

the snow courses that were co-located with SNOTEL sites. Annual or seasonal values were 

used to obtain 5-yr moving averages to help visualize trends. Annual and seasonal variability 

is probably more significant than small changes over long time periods. Wet and dry years and 

warm and cold years will still be part of our climate even though trends over longer periods 

may change. For example, it is not uncommon for annual precipitation to vary between 40 

and 160 percent of average and annual temperatures to vary 3 ·c above or below average. 

ECONOMIC AND SOCIAL TRUTHS UNDERLYING MODERN 

AGRICULTURE IN WESTERN MONTANA AND THEffi EFFECT ON 

WILDLIFE llABITATS1WS 

Les Gilman 

Agricultural Specialist, Ranch Resources LLC 

Chairman, Montana Governor's Rangeland Resource Executive Committee 

Executive Director, Ruby Habitat Research Foundation 

P.O. Box 638, Sheridan, MT 59749 

l gilman@3rivers.net

Farming and ranching in harsh physical and economic environments have brought 

significant changes to the landscape of Western Montana over the last century. Those changes 

continue at an exponential rate. Farms and ranches that do not survive the challenges are 

destined for alternative uses. The opportunity for land managers, wildlife professionals, 

and conservationists is to find solutions to maintain open space and sustainable agricultural 

practices that are ultimately much more wildlife friendly than 20-ac tracts. A discussion of 

the history of land use from a 5th generation rancher and professional land manager will lend 

insight into the cause and effect of real life decisions and the results of those decisions on the 

social and natural resources of a community. 

COMMON LOON MANAGEMENT: IMPLICATIONS 

FROM SENSITIVIT Y ANALYSESTWS 

Christopher A. M. Hammond 

Wildlife Biology Program 

Department of Ecosystem and Conservation Sciences 

College of Forestry and Conservation, University of Montana 

32 Campus Drive. Missoula, MT 59812 

chrisdaluna25@msn.com 

The Montana Natural Heritage program gives the common loon (Gavia immer) a 

global rank of GS ( demonstrably secure), but a state rank of only S 1 ( critically imperiled). 

The USDA Forest Service status is sensitive. I investigated whether current management 

applications were adequate to address the state and federal rankings. Most management 
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agencies take the approach of protecting nesting birds and their chicks. Manager hope to 

maintain or increase population sizes in many portions of the common loon's range b:> using 

this approach. I used sensitivity analyses to determine which vital rate had the mo t influence 

on the population growth rate (1) of common loons. I altered the range of ariation in vital 

rates to mimic applied management applications to determine how management effort should 

be directed to accomplish the goals of common loon conservation. I found that chick urvival 

and fecundity had the most influence on I. I make suggestions on how to appl), management 

strategies that increase these vital rates so that management objectives may be met. 

WINTER FEEDINC ECOLOCY OF 

MuLE DEER, ELK, ANo CATTLE ALONc MoNTANA'S EA ST FRoNT-W 

Scott A. Hemmer, and C. Les Marcum

Department of Ecosystem and onservation c1ences 

University of Montana 

Missoula, MT 59812 

Richard Keigley 

USDI Geological Survey 

Bozeman, MT 59717 

Gary Olson 

Montana Department of};< ish, Wildlife, and Parks 

Conrad, MT 59425 

Mule deer (Odocoileus hemionus) and elk (Cervus elaphus) populations have increased 

near the Theodore Roosevelt Memorial Ranch (TRMR) along Montana's East Front. The 

appearance of browse on the ranch suggested that some species have experienced intense 

browsing pressure. The purpose of this study was to examine the condition of chokecherry 

(Prunus virginiana), aspen (Populus tremuloides), and creeping juniper (Juniperus 

hori=ontalis) on the TRMR and assess the future impacts of current browsing pressure 

on these plant species. Other goals of the study were to reconstruct a browsing history 

for chokecherry and aspen relative to recent increases in ungulate numbers, and examine 

winter forage utilization through fecal analysis. The effect of browsing on species condition 

was determined by comparing growth rates and live dead indices of plants exposed to 

browsing to those of plants protected by exclosures. Results indicate that most aspen were 

not intensely browsed, but the condition of chokecherry and horizontal juniper had been 

affected by browsing. Aspen appeared to be growing out of the browse zone and attaining 

their potential height, but current browsing pressure prevented chokecherry stems from 

reaching their normal stature. Browsing history indicated that increased browsing pressure on 

chokecherry and aspen in the mid-to-late 1980s, corresponded to a large increase in mule deer 

and elk numbers. However, fecal analysis suggested that chokecherry and aspen were not a 

significant component of mule deer and elk winter diets. In winter, mule deer fed primarily 

on Juniperus spp., and elk fed mostly on graminoids. 
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ECOLOGY ANo MANAGEMENT OF SYLVATIC PLAGUE 

IN PmLLIPS CoUNTY, MoNTANATws 

Brian E. Holmes 

Division of Biological Sciences 

University of Montana 

Missoula, MT 59812 

bholmes@tfn.net 

Randy Matchett 

USDI Fish and Wildlife Service 

Charles M. Russell National Wildlife Refuge 

P.O. Box 110, Airport Rd., Lewistown, MT 59457 

Randy_ Matchett@fws.gov 

Sylvatic plague is a disease that was introduced into North America -1900 and has since 
become well-established in native rodent populations in the western United States. The 
etiologic agent of plague is the bacterium Yersinia pestis, and most transmission between 
hosts occurs indirectly through the bite of an infected flea. Susceptibility to the disease 
varies widely among taxa. Aside from human cases, concern over plague in the U.S. has 
centered around effects on prairie dogs, which are uniformly susceptible to the disease. 
Efforts to restore populations of black-tailed prairie dogs in Montana have centered in Phillips 
County where ongoing efforts to reintroduce black-footed ferrets are ongoing. Currently, 
wildlife managers have few tools with which to manage or mitigate the effects of plague. 
One commonly used tool is the application of insecticides to prairie dog burrows to reduce 
flea abundance. We present an overview of plague ecology and the results of a dusting 
trial. We used a before-after control-impact design to test the effects of DeltaDust (0.05% 
Deltamethrin) on flea abundance in prairie dog burrows, on prairie dogs, and on associated 
small mammals. This and previous studies demonstrate that dusting prairie dog burrows is an 
effective way to reduce flea abundance in burrows and on prairie dogs. In addition, this study 
shows that flea abundance is also reduced on sympatric small mammal species that may act as 
reservoir hosts for Y. pestis.

CHALLENGES, OPPORTUNITIES ANo TECHNIQUES FOR WETLAND 

WILDLIFE HABITAT RESTORATION ANo MANAGEMENT ON 

MONTANA'S PRIVATE LANDSTWS 

Peter Husby 

State Wildlife Biologist 

USDA Natural Resource Conservation Service 

Bozeman, MT 59715 

Seventy percent of Montana's wildlife habitat occurs on private land. As a result, private 
landowners have a key role in restoration and management of our wildlife habitat. This 
presentation overviews the challenges and opportunities associated with wetland wildlife 
habitat restoration and management on private land and summarizes the Natural Resources 
Conservation Service's work to assist private landowners with that effort including wetland 
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and riparian habitat restoration, a brief overview of Fann Bill Program funding support, and 
techniques for wetland habitat management on working lands. 

WOLVERINE ECOLOGY AND MANAGEMENT IN THE GREATER 

YELLOWSTONE ECOSYSTEM, A PROGRAM OVERVIEW AND UPDATETWS 

Kristine H. Inman, Robert M. Inman, Craig Groves, Anthony J. McCue, 

and Nate Berg 

Wildlife Conservation Society 

Greater Yellowstone Wolverine Study 

2023 Stadium Drive, Suite 1 A, Bozeman, MT 59715 

kinman c wcs.org 

The status of wolverine ( Gulo gulo) populations in the lower 48 remains uncertain and 
the ecological requirements of the species are not well described. I-edcral and state resource 
managers need information in order to make well-informed policy decisions that aJ1cct land­
use practices and populations of wolverines. This project is designed to provide base! inc 
ecological data and answer specific questions relevant to wolverine management and related 
land-use policies. Our study objectives are to document wolverine demographic parameters, 
determine if and how wolverine populations may be affected by human recreational activities, 
identify wolverine dispersal corridors and/or linkage areas between mountain ranges in the 
GYA, and collaboratively design and implement management strategies and actions aimed 
towards the long-term persistence of wolverines in the GYA. Two areas, the Madison Range 
Complex of southwestern Montana and southeastern Idaho (MFA) and the Teton Range 
of northwestern Wyoming (TFA), have been selected for intensive study. These areas are 
representative of the land management jurisdictions and human-use impacts that are common 
to the Greater Yellowstone Area (GYA). Seventeen different wolverines (9 <;j?, 8 ) have been
captured since 2001 and 11 (7<;j?, 4 cf) are currently radio-instrumented. Four wolverines 
were fit with store-on-board GPS collars, and one was fit with a atellite collar. uccess and
failure of collars and preliminary results regarding mortality and reproductive rates, habitat 
use, home range size, and winter recreational use will be discussed. This research program 
is designed as a comprehensive, long-term effort to address specific wolverine management 
questions and collect information that can be integrated into a landscape species approach to 
conservation planning in the Greater Yellowstone Ecosystem. 
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BEYOND BAIT: 

OPPORTUNITIES FOR PASSIVE BEAR IIAm CoLLECTioNTws 

Katherine C. Kendall 

U.S. Geological Survey, Glacier National Park 

West Glacier, MT 59936 

kkendall@usgs.gov 

Jeff Stetz 

University of Montana 

Science Center, Glacier National Park, 

WestGlacier, MT 59936 

jstetz@usgs.gov 

We surveyed trails, forest roads, power lines, and fences on 32,300 km2 in northwestern 
Montana to identify trees and other objects that bears rub against. Genetic analysis of 
passively deposited hair (as opposed to that obtained by attracting bears with bait) is used to 
identify individual bears to document bear presence, obtain minimum counts, and as capture 
events for mark-recapture population estimates. Hair will be collected from barbed wire 
and other hair snags attached to the rub surface. Hair samples from barbed wire are larger, 
have more follicles, require less time to collect than hair on bark, and define discrete samples 
that help prevent getting samples from more than one individual. Of the over 5000 rub 
objects we identified, the majority were trees along 7500 km of hiking trails. We summarize 
characteristics of rub trees and other objects including species and diameter of tree, amount 
and type of bear use, distance from trails, and maximum and minimum height of rubbing. 
The density of rub trees along forested trails varied widely but it was rare to find any area 
devoid of rubbing activity. When large diameter trees were not available, such as in clear cut 
logging units, recently burned areas, and tree line communities, bears used sign posts or small 
diameter trees to rub against. In areas with high levels of pack animal use, ~ 60 percent of 
the bear rub trees were also bumped by stock packs. We report on the effectiveness of pack 
stock-friendly, alternate hair grabbing devices tested in the field. 
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EFFORTS TO RE-ESTABLISH NORTHERN LEOPARD FROG

ON THE FLATHEAD INDIAN RESERVATIO 

Janene Lichtenberg, and Art Soukkala 

Confederated Salish and Kootenai Tribes 

Wildlife Management P rogram 

P.O. Box 278, P ablo, MT 

janenel c cskt.org 

J. Kirwin Werner

Salish Kootenai College 
Department of Environmental Science 

P.O. Box 70, Pablo, MT 59855 
jkw@ronan.net 

The northern leopard frog (Rana pipiens) was once common throughout Montana but 

is now extirpated from most of western Montana including the Flathead Indian Reservation 

The Confederated Salish and Kootenai Tribe's Wildlife Management Program is working 

to return leopard frogs to the Flathead Indian Reservation. Potential source populations 

were identified through DNA testing in 2001. Reintroduction methodology was tested 

using Columbia spotted frogs (Rana luteiventris) in 2002. In 2003, eight egg masses were 

collected from five leopard frog source populations. Each mass was placed within a float 

that in turn was placed inside an enclosure to protect the eggs from predators and keep track 

of individuals. An estimated 16,500 tadpoles hatched from these egg masses. Five hundred 

tadpoles were released into each enclosure and the remaining tadpoles were released into the 

surrounding water. Tadpoles outside the enclosures grew and developed more quickly than 

the tadpoles inside enclosures, however, survival within the enclosures was high, 68 percent. 

During July 2003, we released 1342 tadpoles and 21 metamorphs from within the enclosures 

into the surrounding water. Time constrained surveys were conducted after the release to 

monitor leopard frog metamorphs until the end of September 2003. Intensive surveys will 

be conducted in spring 2004 to estimate winter survival and to determine dispersal distances 

from the release sites. We plan to continue similar reintroduction and long-term monitoring 

efforts at current and additional release sites. 
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DETECTION OF (BATRACHOCHYTRIUM DENDROBATIDIS), THE 

CHYTRID FUNGUS ASSOCIATED WITH GLOBAL AMPHIBIAN DECLINES, 

IN MONTANA AMPmBIANsrws 

Bryce Maxell 

Fish and Wildlife Biology Program 

University of Montana 

Missoula, MT 

bryce.maxell@umontana.edu 

Grant Hokit 

Biology Professor, Carroll College 

Helena, MT 59601 

J. Kirwin Werner

Salish Kootenai College 

Department of Environmental Science 

P.O. Box 70, Pablo, MT 59855 

jkw@ronan.net 

In order to identify potential causes of declines in the northern leopard frog (Rana 

pipiens) and western toad (Bufo boreas), which have been noted since the 1980s, and assess 

the risk posed to other amphibian species whose status is uncertain, we submitted 98 tissue 

samples gathered from eight amphibian species across Montana for PCR based identification 

of the chytrid fungus (Batrachochytrium dendrobatidis ). This chytrid fungus has been 

associated with declines, extirpations, and losses of numerous amphibian populations and 

entire species around the globe over the last two decades. Tissue samples from 30 museum 

voucher specimens of three species collected in the Flathead Valley in the 1970s, prior to 

amphibian declines in the area, were all negative for B. dendrobatidis. However, four species 

and 26 of 68 tissue samples gathered during inventory work across the state since 1998 tested 

positive for B. dendrobatidis. In light of its association with other amphibian declines, B. 

dendrobatidis, acting alone or synergistically with other stressors, is a potential cause of the 

declines observed and should be regarded as an ongoing threat to Montana amphibians. In 

order to prevent additional spread of this fungal pathogen personnel working in either lentic 

or lotic systems should thoroughly rinse and decontaminate all equipment with IO-percent 

bleach between (1) any sites where dead, dying, or ill amphibians are encountered, (2) sites 

located in different local watersheds or definitive clusters of sites, and (3) all breeding sites of 

sensitive species separated by> 1 km. 

76 © Intermountain Journal of Sciences, Vol. 10, No. 1-4, 200-1 



LANDSCAPE-SCALE NESTING BEHAVIOR OF GREATER SAGE-GROUSE

IN NORTH-CENTRAL MoNTANA TWs 

BrendanJ.Moynahan 
Wildlife Biology Program,College of Forestry and Conservation 

University of Montana, Missoula, MT 59812 
moynahan@selway.umt.edu 

The long-tenn decline of greater sage grouse ( Centrocercus urophasianus) over much of their 
historic range is a concern of managers of sagebrush (A rtemisia spp.) habitats. Because sage 
grouse range widely across expanses of sagebrush habitats, and due to the extent of public 
land holdings in north-central Montana, conservation or recovery efforts for sage grouse are 
likely to be applied at the landscape scale ( rather than the scale of the nest-site, for example). 
Much of current management focus center on the area around leks because leks appear to be 
the center of year-round activity. Therefore, it is important to understand where sage grouse 
nest and rear their broods in relation to leks. As part of a larger doctoral research project, 247 
female sage grouse were radio-marked during springs 2001-2003 to estimate reproductive 
parameters. With the resultant wealth of GPS locations on sage grouse nests, the spatial 
relationship between nests and leks can be quantified. In general, sage grouse in this study 
nested further away from leks than expected, though distances varied among four study sites. 
Renesting attempts within a year were generally close to the first nest location (within several 
hundred meters). Finally, individuals tracked in successive years typically nested within 

v

several hundred meters of the previous year's nest location. Though hab:tat conser ation and 
enhancement efforts must target more land than first expected, individual birds exhibit some 
degree of nest-area fidelity. Focusing on particular geographic areas centered on leks may be 
an effective strategy. 

CAUSE-SPECIFIC MORTALITY OF CALF ELK 

IN THE GARNET MOUNTAIN RANGE, MoNTANATWs 

Jarod D. Raithel, and Daniel H. Pletscher 
Wildlife Biology Program, School of Forestry and Conservation 

University of Montana 
Missoula, MT 59812 

jarod _raithel@hotmail.com 
pletsch@forestry.umt.edu 

Michael J. Thompson 
Wildlife Biologist 

Montana Department of Fish, Wildlife and Parks 
Region 2, 3201 Spurgin Road, Missoula, MT 59804 

mthompson@state.mt.us 

Recruitment rates of Rocky Mountain elk (Cervus e/aphus) have been chronically 

low in recent years and may have progressively declined over the past 2 decades across 

western Montana. Calf:cow ratios generated from spring classification flights on our study 

site, Montana Hunting District 292-00, have declined from 41 calves: 100 cows in 1988 to 

19 calves: 100 cows in 2003. In spring of 2002 and 2003, a total of 69 neonatal calf elk :S 

8 days old were captured and instrumented with mortality-sensing radio transmitter that 
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were attached with ear tags or expandable, break-away collars. In 2002, 17 of 27 radio­
marked calves died. In 2003 we have documented just three mortalities among 42 calves 
radio-marked this year. Sources of mortality include: black bear (n = 8), cougar (n = 3), 
undetermined predator (n = 2), malnutrition (n = 2), abandonment (n = 2), coyote (n = 1), 
human hunter (n = 1), and disease/drowning (n = 1). Estimated mean calf birth date was 
29-30 May in both years. The sex ratio of calves captured was 11 male: 15 female in 2002
and 23 male: 17 female in 2003. Birth weights for calves were estimated by plotting a
linear regression of estimated calf elk age at capture versus calf elk capture weight for each
sex. Estimated mean male calf birth weight in 2003 was 1.6 kg greater than that of 2002,
and estimated mean female calf birth weight in 2003 was 0.7 kg greater than that of 2002;
however 95-percent confidence intervals about these estimates overlapped. This study is
planned to continue through 2006.

COUGAR ECOLOGY AND COUGAR-WOLF INTERACTIONS IN 

YELLOWSTONE NATIONAL p ARK: A GUILD APPROACH TO LARGE 

CARNIVORE CoNSERVATiowws 

Toni K. Ruth, Polly C. Buotte, Howard B. Quigley, and Maurice G. Homocker 

Wildlife Conservation Society/Homocker Wildlife Institute 

P.O. Box 299. Gardiner, MT 59030 

Cougars (Puma concolor) and wolves (Canis lupus) coexist on the Northern Range 
of Yellowstone National Park. Understanding of how these two species partition resources 
may influence the management of these predators and their prey populations. Our study 
is designed to examine cougar population characteristics including: density, sex and age 
structure, reproductive and survival rates, dispersal and recruitment events, prey selection, 
predation rate, and spatial movements. These parameters will be compared with estimates 
made prior to wolfrestoration (Phase I data, Murphy 1998), and current parameters for the 
wolf population, to assess competition and resource partitioning between the two species. 
The cougar population was increasing during Phase I and stable in Phase II. Litter sizes have 
not changed, but a peak in births during summer months in Phase I has been replaced by a 
more even distribution of births occurring through the year. Mortality from harvest and other 
cougars has remained the same, but wolves have directly and indirectly killed cougars in two 
family groups. Prey selection and predation rates are similar between Phase I and II. Elk are 
the primary prey, the predation rate is nearly the same, and biomass killed per day is slightly 
greater in Phase II. Cougars kill proportionally more elk calves, and fewer cow and bull elk 
than wolves during winter. Wolves were known to have displaced cougars from kills in 23 
percent of visits; bears in 19 percent of visits. We have begun using GPS collars to look at 
interactions and habitat use among cougars, wolves, and bears. 
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FIRE  EFFECTS  ON  POPULATIONS  AND  HABITATS  OF  SENSITIVE  SPECIES 

OF WILDLIFE IN PONDEROSA PINE FORESTS OF THE INTERIOR WEST-WS 

Vicki Saab 

Research Wildlife Biologist 

Rocky Mountain Research Station 

Montana State University 

1648 South 7th Avenue, Bozeman, Mt 59717-2780 

The USDA Forest Service, Rocky Mountain Research Station, is leading the effort to 
examine fire effects on populations and habitats of wildlife in ponderosa pine forests on 
12 sites in eight states across the western United States, including locations on National 
Forests, National Parks, and state and private lands. We have one site in Montana, in the 
Elkhorn Mountains on the Helena National Forest. Our goal is to understand the ecological 
consequences of fire management for wildlife in ponderosa pine forests. The target wildlife 
species are cavity-nesting birds and songbirds (also small mammals at selected locations). 
Cavity-nesting birds are a focus of this research because many of them depend on fire­
maintained habitats for their dispersal and movements, they are designated as Management 
Indicator Species (MIS) and Sensitive Species by state and federal agencies, and they arc 
responsive to timber and fire management activities. This presentation summarizes study 
objectives, methods, and some preliminary results for the Montana and western study sites. 

QUANTIFICATION OF NONINVASIVE POPULATION SAMPLING: A

COMPARISON OF GENETIC AND INDEPENDENT ESTIMATES FOR 

COUGARS IN YELLOWSTONE NATIONAL p ARl(lWS 

Michael A. Sawaya 

Montana State University/ Yellowstone Cougar Project 

Wildlife Conservation Society 

P.O. Box 927. Gardiner, MT 59030 

mikesawaya@hotmail.com 

Toni K. Ruth 

Yellowstone Cougar Project/Wildlife Conservation Society 

P.O. Box 222. Gardiner, MT 59030 

truth@montanadsl.net 

Scott Creel, and Steve Kalinowski 

Ecology Department 

Montana State University 

Bozeman, MT, 59717 

screel@gemini.oscs.montana.edu 

Many carnivores, including cougars (Puma concolor), are difficult to study due to 
their low densities and secretive nature. Estimating population size is important to the 
conservation and management of most carnivore species. Currently, no reliable method of 
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estimating cougar population size exists other than radio collaring, which is intrusive and 
expensive. Non-intrusive genetic sampling (NGS) has great potential as a tool for population 
enumeration and monitoring, but has not been adequately developed to date for cougars. 
The Yellowstone Cougar Project has radio-marked approximately 87 percent of the resident 
adult cougar population in the Northern Range of Yellowstone National Park (YNP) and has 
collected blood from all captured individuals (n = 68 as of winter 2002-2003). Therefore, the 
YNP Cougar Project provides a unique situation in which to test and develop NGS methods. 
In January 2003, we initiated a study to test and develop NGS methods. Backtracking was 
used to find hair at bed sites and scat at kill sites. Hair was also collected through the use 
of hair-snagging stations. Our study objectives include I) evaluating the effect of varying 
sampling intensity for both backtracking and hair-snagging stations on population estimates, 
2) quantifying genotyping error rates by comparing non-intrusively collected samples to blood
and tissue samples taken during capture, 3) analyze hair and scat (DNA) samples to identify
species and individual-specific information on cougars such as gender and relatedness.
Currently, we are conducting the second field season in this 3-yr study. No genetic analysis
has yet been performed, but we present some preliminary results.

BAT CONSERVATION STRATEGY AND PLAN 

FOR THE STATE OF MoNTANATws 

Nathan A. Schwab 

University of Montana 

Health Sciences Building, Room 203 

Missoula, MT 59812 

Bats are among the least studied animals, yet make up the second most diverse order of 
mammals in the world. Fifteen species of bat occur in Montana and this diversity reflects the 
variety of resource requirements between species. The economic and ecological benefit of 
bats, mainly consumption of nocturnal insects including agricultural and forest pests, has only 
recently been acknowledged. This realized importance increases the need for the protection 
of the essential resources utilized by bats; primarily day and hibernation roosts, foraging 
habitat, and open water. Montana continues to observe the significance of its wildlife as 
one of only a few states that have initiated and drafted conservation plans for bats. This 
conservation plan outlines the necessary steps toward successful bat conservation through 
four mechanisms: Research, Management, Inventory and Monitoring, and Education. 
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GRIZZLY BEAR RECOVERY: A PROGRESS REPORT AFrER 23 YEARS 'WS 

Christopher Servheen 
USDI Fish and Wildlife Service 

College of Forestry and Conservation, University Hall 309 
University of Montana 
Missoula, MT 59812 

Wayne Kasworm 
USDI Fish and Wildlife Service 

475 Fish Hatchery Road, Libby, MT 59923 

The grizzly bear ( Ursus arctos horribilis) was listed as a threatened species under the 

Endangered Species Act in 1975. Six areas were identified in the 1975 listing as grizzly bear 

populations. Organized recovery efforts have been underway since 198 I. 1 he Interagency 

Grizzly Bear Committee representing state, federal, tribal, and county interests, implements 

the recovery program. The recovery program is a cooperative multi-agency effort with full 

state, federal, tribal and public participation. Significant progress has been made in the 

recovery of the Yellowstone and Northern Continental Divide populations. The Yellowstone 

population is increasing at approximately 4 percent/year, and recent work has demonstrated 

exponential expansion of range in the southern part of the ecosystem. All demographic 

targets in the Recovery Plan have now been met for the last 7 years in the Yellowstone 

ecosystem. The situation in the Northern Continental Divide Ecosystem (NCDE) also appears 

to be improving with bears expanding their range ()n all sides of the ecosystem. A detailed 

project to produce the first accurate population estimate for this ecosystem will start in 2004 

to make a total population estimate in this ecosystem using DNA. The situation in the four 

other ecosystems is much less positive. Grizzly bear populations spanning the U.S.-Canadian 

border in the Cabinet/Yaak and Selkirk ecosystems are small and vulnerable, and occur in 

the southernmost extensions of Rocky Mountain habitat extending down from Canada. The 

North Cascades grizzly population is isolated on both the U.S. and Canadian sides and is 

considered the most endangered grizzly population in Canada. Certain political interests 

blocked an attempt to begin to reintroduce grizzlies into the Bitterroot ecosystem in 2000. 

Recent genetics work demonstrates that the south Selkirk grizzlies are an isolated population 

(no male or female connectivity) under 100 individuals with a 15-20 percent reduction in 

genetic diversity. The PurcellNaak population between Highway 3 in Canada and U.S. 

Highway 2 is demographically isolated (no female connectivity) with< 50 individuals. The 

Cabinet Mountains population is likely isolated from both the south Selkirk Mountain and the 

PurcellNaak populations. Aggressive conservation measures are necessary to recover these 

populations including augmentation with additional bears, mortality reduction programs, 

public outreach, and reestablishment of population linkage so these areas are no longer 

isolated. We are working on enhanced cooperative U.S. and Canadian efforts to address 

the issues facing these small grizzly populations and to build connectivity to existing larger 

populations and areas of vacant habitat. Limitations to grizzly recovery are funding and 

political resistance and interference. If funding, agency and political commitment, and public 

support are present, we believe recovery of grizzly bears is possible in all six areas where 

they were thought to exist in 1975. Success of the Yellowstone recovery effort is proof 

that a cooperative effort can recover a grizzly population. We know what to do to help the 

remaining populations, and we can do it if we are given the opportunity. 
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WILDLIFE, FmE ANo THE URBAN INTERFACETws 

Gayle Sitter 

Fisheries and Threatened and Endagered Species 

Montana-Dakota Office, USDI Bureau of Land Management 

Billlings, MT 59101 

When a wildfire starts, it is often too late to implement needed protection measures or 
too save unique or critical habitats. Using a proactive and interdisciplinary approach, we 
can often use fire and fuel reduction techniques to improve the habitats for threatened and 
endangered species This talk will show how these techniques can and have been used in bald 
eagle and sage grouse management. 

WOLF-PREY INTERACTIONS IN YELLOWSTONE NATIONAL p ARJ(TWS 

Douglas W. Smith, , Kerry M. Murphy, and Debra S. Guernsey 

Center for Resources 

P.O Box 168, Yellowstone National Park, WY, 82190

Thomas D. Drummer 

Mathematics Department, Michigan Technological University 

Houghton, MI, 49931 

Wolf-prey interactions were studied in Yellowstone National Park from 1995-2000. We 
intensively tracked wolves for 30 days in early (Nov-Dec) and late (Mar) winter from the 
ground and fixed-wing aircraft. Our objectives were to determine wolf killing rate (kills/ 
wolf/30 days) and prey selection. The primary prey of wolves was elk (91%) but bison (3%), 
moose (2%), and deer (2%) were also killed (2% unknown). The proportion of elk calves, 
cows, and bulls killed was 43, 36, and 21 percent, respectively. Wolves selected for calves, 
against cows, and proportional to availability for bulls. Average age of cow elk killed by 
wolves was 14 years compared to 6 years for hunter-killed cows. Seasonally, calves were 
selected in early winter and bulls in late. Two distinct wolf-prey systems exist in Yellowstone: 
1) the northern area with a large elk population, and 2) interior park with low elk but more
bison and moose. Wolves killed a greater variety of prey ( elk, bison, moose) in the interior
area compared to the northern area ( elk). Wolf killing rate increased from early ( 1.6 elk/
wolf/30 days) to late (2.2 elk/wolf/30 days) winter. Averaging early and late winter data and
correcting for scavenger removal, consumable biomass was 3.3 kg/wolf/day.
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AN EVALUATION OF FISHER INTRODUCTIONS IN MoNTANATws 

Ray S. Vinkey, and Kerry R. Foresman 
Wildlife Biology Program, College of Forestry and Conservation 

University of Montana. Missoula, MT 59812 

Brian J. Giddings 
Montana Fish, Wildlife and Parks 

1420 East Sixth Ave. Helena, MT 59620. 

Michael K. Schwartz 
Rocky Mountain Research Station 

800 East Beckwith Ave. Missoula, MT 59807 

Translocations play a crucial role in the conservation and restoration of wildlife 
populations. We investigated the impact of translocations on the distribution and genetic 
structure of fisher (Martes pennanti) populations in Montana. We documented the presence 
of fisher in the Cabinet Mountains, 10 years after the release of 110 fishers from the upper 
Midwest. Verifiable detections were made in four of 17 systematically surveyed sampling 
units. Surveys indicated that fishers are rare, but present and reproducing in an area where 
they were believed absent prior to the introduction. To approximate the occupied range of 
fisher throughout Montana, we mapped fisher distribution using contemporary occurrence 
data (harvest, sighting, and tracking records). The spatial and temporal extent of these records 
demonstrated that translocations have been successful in establishing, and/or augmenting, 
fisher populations in the state. To investigate the origin of extant populations in Montana 
tissue samples from Montana, British Columbia, Minnesota, and Wisconsin fishers were 
collected and two regions of the mitochondrial DNA genome were examined. Haplotype 
frequencies differed significantly by region with four haplotypes unique to British Columbia, 
two to the Midwest, and one to west-central Montana. The distribution of these haplotypes 
in Montana suggests that fisher populations in the state have multiple origins reflecting the 
history of translocations and the influence of native populations. Analysis of mitochondrial 
DNA sequence data indicated that fisher may not have been extirpated from Montana prior 
to the translocations. Fisher populations in west-central Montana appear be descended from 
both native and introduced animals. 

SAGE GROUSE, COAL-BED METHANE DEVELOPMENT' AND WEST 

NILE Vmus IN THE POWDER RIVER BASIN: Is THERE A LINK?TWs 

Brett L. Walker and David E. Naugle 
Wildlife Biology Program, College of Forestry and Conservation 

University of Montana, Missoula, MT 59812 
Brett. Walker@urnontana.edu 

Sagebrush habitats in North America continue to be significantly altered by 
anthropogenic change. Simultaneously, populations of sagebrush-obligate species, including 
greater sage grouse (Centrocercus urophasianus), have experienced pronounced long-
term declines. Conservation of Montana's sage grouse populations poses a significant 
challenge for biologists, land managers, landowners, hunters, and industry. Extensive coal-
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bed methane (CBM) development is planned for the Powder River Basin in southeastern 
Montana, an area that supports robust populations of sage grouse. However, it's influence 
on grouse populations remains unknown. In 2003, we initiated a pilot study of demographic 
responses of sage grouse to CBM development on three sites in southeastern Montana and 
northeastern Wyoming. Preliminary analysis indicates that hens at the CBM site nested, on 
average, 7-8 days later and renested at significantly lower rates than hens on two non-CBM 
sites. Hen survival on the CBM site was dramatically lower than that on non-CBM sites 
due to an outbreak of West Nile Virus (WNV). Future research is geared toward identifying 
physiological, behavioral, and ecological mechanisms underlying demographic effects of 
CBM on populations and determining whether excess surface water produced by CBM 
increases risk of exposure to WNV for sage grouse. 

$18 BILLION FOR CONSERVATION-HOW THE 2002 FARM BILL CAN 

ASSIST PROVATE LANDS WILDLIFE CONSERVATION EFFORTSlWS 

Dave White 

State Conservationist 

USDA Natural Resources Conservation Service 

Bozeman, MT 59715 

Dave White was named state conservationist of the USDA Natural Resources 
Conservation Service (NRCS) in Montana effective May 19, 2002. White is responsible 
for NRCS operations within the state, including administration of conservation planning 
assistance to private landowners, conservation cost-share programs, Resource Conservation 
and Development, the Natural Resources Inventory, soil survey mapping, and water supply 
forecasting. Before coming to Montana, White worked as a professional staff member of 
the Senate Agriculture Committee. In this position, he helped develop the conservation 
and forestry titles of the 2002 Farm Bill. White said the farm bill will bring many new 
opportunities for landowners to protect Montana's natural resources. White has also worked 
for NRCS in Missouri, South Carolina, and Washington, D.C. He is an honors graduate from 
the University of Missouri with a BS degree in Agriculture. White is married and has two 
children. 
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INVASIVE SPECIES SYMPOSIUM 

1l1e following abstracts are from the "Invasive Species Symposium" at the campus of 
Montana State University-Billings 16 April 2004. The syposium was jointly sponsored b) 
Montana State University-Billings, Montana Academy of Sciences, Montana Weed Control 
Association, and Center for Invasive Plant Management. For more information regarding the 
symposium, contact James Barron, Department of Biological and Physical Sciences, MSU 
- Billings: jbarron@msubillings.edu.

ROLE OF USDA, A.PHIS, AND PPQ IN PREVENTION'ERAD[CATION, AND

MANAGEMENT OF INvASJVE PLANT PESTSMAS

Gary Adams 

State Plant Health Director 

USDA Animal and Plant Health Inspection Service, PPQ 

Helena, MT 59601 

The United States Department of Agriculture, Animal and Plant Health Inspection 
Service, Plant Protection and Quarantine and the Department of Homeland Security, 
Customs and Border Protection are the first line of defense in preventing the introduction 
of new Plant and Animal pests. Since 1 March 2003 some of PPQ 's responsibility has been 
transferred to the DHS, CBP. PPQ is responsible for inspecting propagative plant products, 
identification of potential pests, issuing or denying permits to import products that could pose 
a risk to plant health in the United States, and responding to potential and new introductions 
through eradication, containment, and/or management of plant pests. PPQ also regulates 
the importation of biological control organisms utilized for control of non-indigenous plant/ 
weeds. 

BOZEMAN FISH HEALTH CENTER'S INvASIVE SPECIES DIAGNOSIS
AND MONITORING PROGRAMMAS 

Linda Beck 

USDI Fish and Wildlife Service 

Fish Health Center, Bozeman, MT 59718 

Invasive species have become an integral component to fish health. In the past, the 
Bozeman Fish Health Center primarily dealt with fish health diagnostics and hatchery 
certification. Currently, the facility is branching out to incorporate a more total ecosystem 
approach. lnlpacts to fish health from invasive species include infectious disease and 
environmental changes. Three infectious diseases the Center monitors in wild and hatchery 
systems are Myxobolus cerebra/is, the causative agent of whirling disease, largemouth bass 
virus and spring viremia of carp virus. Examples of invertebrates that indirectly impact 
fish health are the New Zealand mudsnail (Potamopyrgus antipodarum), the Zebra Mussel 
(Dreissena po/ymo,pha) and snail, Melanoides tuberculata. These organisms have an impact 
on the ecology of the aquatic environment and can also be utilized as an intermediate host for 
digenetic trematodes. The parasitic digenetic trematodes have the potential to become fish 
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pathogens. Research is being conducted to determine if any parasitism of fish is taking place 
via the New Zealand mudsnail. 

MoNTANA's Noxious WEEDS-HISTORY AND NEEDSMAs 

Scott Bockness 

Yellowstone County Weed Coordinator 

Billings, MT 59101 

The presentation provides an overview of the current status of the noxious weed problem 
in Montana. It contains some historical information regarding some of Montana's most 
invasive plant species and the most current data available on existing infestations of the 
various species. A current overview was presented of the multi-disciplined resources that 
are being applied to combat this ecological threat along with identification of the scope of 
future efforts needed to successfully reduce the invasive plant problem in Montana. Excerpts 
from the current Montana Noxious Weed Management Plan were included to reflect the 
coordinated efforts being implemented to give Montanans a clearer picture of the role that 
invasive plants play in our environment. 

How MucH Do WE KNow ABom THE EFFECTS OF WILDFIRE ON 

THE OCCURRENCE AND EXPANSION OF NON-NATIVE PLANT SPECIES' 

DISTRIBUTIONS IN NATURAL AREAS?MAS 

Mara Johnson, Lisa Rew, and Bruce Maxwell 

Department of Land Resources and Environmental Sciences 

Montana State University, Bozeman, MT 59717 

Dr. Steve Sutherland 

USDA Forest Service, Fire Sciences Lab 

Missoula, MT 59801 

Invasion of non-native plant species into natural and managed ecosystems is a widespread 
problem with potentially devastating ecological and economic consequences. Increased 
occurrence and severity of wildland fires has been identified as a potential threat to natural 
and managed ecosystems. Wildfire is often linked with the introduction of non-native species 
and subsequent expansion of their populations. However, much of the information concerning 
non-native species and wildfire is descriptive and anecdotal. In addition, much of the 
information available on wildfire and non-native plants comes from research in areas where the 
native vegetation composition, structure, and natural processes are no longer intact. We have 
performed an extensive literature search on non-native plant species and wildfire in natural 
areas of the Western United States. We have synthesized and critiqued this literature, identified 
research gaps, and clarified the information that is scientifically supported. For this symposium, 
we will focus on the information gathered on the relationship between wildfire and non-native 
plant species that is pertinent to the forest, shrub land, and grassland types of Montana. 
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DETECTING CHANGE IN INvASIVE PLANT POPULATIONS FOR 

PRIORITIZATION OF MANAGEMENTMAS 

Bruce Maxwell and Lisa Rew 

Department of Land Resources and Environmental Sciences 

Montana State University, Bozeman, MT 59717 

Notoriously invasive plant species may not be increasing in population size in all 
environments. Therefore, it is crucial to develop methods that will allow quantification of 
invasiveness so that populations can be prioritized for management. Simulation models 
were used to identify efficient methods for detecting change in density and spatial extent of 
plant metapopulations. In addition, models allowed exploration of the relative importance of 
specific processes on population growth. Efficient methods for change detection may rely on 
species-specific knowledge of the dominant processes influencing population growth. Seed 
dispersal as well as response to intra- and interspecific density may be important properties to 
assess in order to select the best methods to detect change. 

WHIRLING DISEASE IN YELLOWSTONE NATIONAL PARKMAS 

Silvia Murcia and Billie L. Kerans 

Montana State University, Bozeman, MT 59717 

smurcia@montana.edu 

ToddM. Koel 

Yellowstone National Park 

Mammoth, WY 82190 

The European parasite Myxobolus cerebra/is (the cause of salmonid whirling disease) 
exhibits a complex two-host life cycle involving an aquatic oligochaete (Tubifex tubifex)

and a salmonid fish. This pathogen was first detected in Yellowstone cutthroat trout (YCT) 
from Yellowstone Lake in 1998. Between 1999 and 2001, a large-scale investigation to 
determine severity and spatial extent of M. cerebralis in the lake and its tributaries revealed 
that prevalence of the parasite ranged ( in 1999) from greater than 20 percent in the northern 
section of Yellowstone Lake to 5 percent in the West Thumb. Sentinel fry exposures detected 
mild infection in Clear Creek in 2000 and in the Yellowstone River proper in 2001, and 
moderate to severe infection in fry exposed in Pelican Creek in 2000 and 2001. The present 
investigation began in 2002 focusing on these three YCT spawning tributaries described as 
M. cerebra/is-positive using sentinel fry, collection of wild fr

y, collection of oligochaetes,
prevalence of infection in oligochaetes, and measurement of physico-chemical features of
the streams. Polymerase chain reaction (PCR) analyses have detected M. cerebra/is-positive

sentinel YCT from all study reaches in Pelican Creek but no infection in sentinel or wild fry 

from the study reaches in each of the Yellowstone River and Clear Creek. We collected 1020
live oligochaetes from the sentinel study reaches in 2002, four of which released actinospores
that PCR tests failed to classify as M. cerebra/is. About 150 oligochaetes that were not
producing actinospores were also tested, two of which (from Pelican Creek) tested positive
for M. cerebra/is. Part of the environmental assessment data from each of the study reaches
will be processed during spring 2003, but some physico-chemical characteristics ( e.g., water
temperature, conductivity) appear correlated to distribution and abundance of M. cerebra/is in
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tributaries to Yellowstone Lake. The goal is to identify potential factors influencing incidence 

of whirling disease in YCT to aid the park's fish biologists and other regional fisheries 
. 

managers to develop possible management strategies ,for this invasive pathogen threatemng 

native YCT and other salmonid populations. 

INTENSIVE MONITORING OF LINARIA VULGARIS 

AT THE PATCH ScALEMAs 

Charles Repath, Lisa Rew, and Bruce Maxwell 

Resources and Environmental Sciences Department 

Montana State University 

Bozeman, MT 59717 

Non-native species vary in their level of invasiveness in different natural plant 

communities. While land managers recognize this, the information behind this idea is 

anecdotal. Quantitative data for documenting, facilitating and directing management efforts 

does not exist. The invasion of Linaria vulgaris into native plant communities in the Rocky 

Mountains is a challenge for managers because this species is perceived to invade upland 

plant communities that lack obvious human disturbance. Our goal with this experiment was 

to gain an understanding of the demographic and ecological factors that facilitate L. vulgar is 

invasion of native plant communities. The study had three main objectives: to quantify the 

invasive potential of L. vulgaris in three different community types; to characterize which 

life history states are more responsible for invasiveness; and to quantify how population 

demographics and invasion rates vary between patch interiors and edges. Results from the 

first three years of the study indicate that rates of invasion varied significantly for each of the 

different plant communities. Seed production and seedling emergence have been extremely 

low over the study period and vegetative production has been the life history state most 

responsible for invasion. Finally, the data showed little difference for rates of invasion, in 

terms of both density and spatial extent, between patch edges (the invading front) and patch 

interiors for the three habitats studied. 

SAMPLING To UNDERSTAND NoN-INDIGENous PLANT SPECIES 

OccURRENCE AND DEVELOP PROBABILITY MAPs OF OccURRENCEMAs 

Lisa Rew and Bruce Maxwell 

Department of Land Resources and Environmental Sciences 

Montana State University 

Bozeman, MT 59717 

Many natural areas have a mandate to preserve the natural systems under their control 

and to manage non-indigenous species. However, in order to manage such species one has 

to know which and where species occur. We believe that there is a three-phase process in 

non-indigenous management; inventory/survey, monitoring, and management. We surveyed 

the northern range of Yellowstone National Park using a stratified sampling method. Transect 

start locations were stratified on a known disturbance, roads and trails, but to ensure unbiased 

sampling they finished 2000 m from any road or trail. Continuous data were collected along 

each transect, information on biotic and abiotic variables were collected along with data on 

the occurrence of non-indigenous species. Logistic regression was used to analyze the data 

88 © lnlermoimlain Journal of Sciences, Vol. JO, No. 1-4, 2004 



for correlations between non-indigenous species occurrence and the independent variables. 

The best model was assessed using Akaike Information Criterion (AIC). Coefficients from 

the best model were then used to produce probability maps of target species for the area of 

interest. 

EFFECT ON GRASSLAND INvASABILITY OF VEGETATION TYPE, 

WEAKENING DISTURBANCE, AND DESTRUCTIVE DISTURBANCEMAS 

Tad Weaver, L. Payson, J. Plaggemeyer, J. Hartz-Rubin. 

Ecology Department, Montana State University 

Bozeman, MT 5971 7 

We expect invasability of steppe vegetation to differ among vegetation types and to 

be facilitated by disturbance, which weakens the community fabric (e.g. fire or grazing) or 

locally destroys it ( cultivation, machine, or animal). Three experiments examine aspects of 

this hypothesis. We expect a colonizer to perform differently in environments with different 

physical or biotic stresses. Thus, invaders should perform differently on topographic 

gradients from moist tall-grass through mixed-grass to dry short-grass prairie. And, in a 

mixed-grass environment, invaders might perform differently in the native grass type or 

in clones of invading Bromus inermis (exotic grass) or Symporicarpos occidental is (native 

shrub). On either gradient, a recently burned site might be more invasible than a healed site. 

Surrogate weeds both well adapted to the enviromnent and having large seeds (Hordeum 

vulgare, grass, and Helianthus annus, forb) were planted into disturbances (7 cm dia) in 

five such great plains vegetation types, each with e�amples of recent burning. Survival to 

flowering was ~30-50 percent and equal in all the communities. Height (9-22 cm) and weight 

(0.2-0.7 gm/ plant) growth were poor and roughly equal throughout. One might conclude 

that, regardless of vegetation type, most of the limiting resource is used by the established 

community and unavailable to any invader. We expect colonizing success to increase linearly 

with the area of a denuding disturbance. This hypothesis was rejected when seeds planted in 

1-, 10-, 10-, and 1000-cm2 holes grew similarly and poorly while plants growing in > 1 0,000-

cm2 holes grew well. We speculate that, while disturbance released resources to invading 

plants in large disturbances, resources also released in smaller holes were pre-empted by 

roots invading from adjacent undisturbed vegetation. The experiment was conducted in two 

rangelands (dry Bouteloua gracilis and moister Festuca idahoensis) and replicated in five 

blocks and two years. The plants studied included, in order of seed size, grasses (Zea mays, 

Triticum aestivum, and Bromus tectorum) and forbs (Helianthus annus, Melilotus officinalis, 

and Centaurea maculosa). The forbs in 1000-cm2 holes perfonned slightly better than the 

grasses, perhaps because forb taproots reached below densely rooted surface horizons. Some 

hypothesize that fire weakens native vegetation to facilitate weed invasion. A corollary is, 

that if invaders are perennial and fire resistant, successive fires will allow increase of the weed 

both by providing damaged sites for new infections and reducing resistance to lateral spread 

of established colonies. We tested this hypothesis by comparing ubiquity (percent of m2 plots 

infected) and dominance (percent cover in infected plots) in management units protected 

from fire 1935-1972 and burned 0, 1, 2, 3, 4, 5, or 6 times since 1972. Vegetation of moist 

bottoms, mixed grass slope sites, and short-grass hilltop sub-sites was separately examined. 

Preliminary analyses show no fire-related difference in either establishment (ubiquity) or 

expansion (cover at occupied sites) for major weeds including Bromus inermis and Poa 

pralensis ( exotic grasses) or Symphoricarapos occident a/is (native brush). 
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