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DiaTtoM INDICATORS OF CLIMATE CHANGE IN

GLACIER NATIONAL PARK

Loren L. Bahls, Hlannaea, 1032 12th Avenue, Helena, MT 59601

ABSTRACT

Permanent slides in the Montana Diatom Collection representing periphyton samples collected
during the 2007 field season and samples collected in prior years were examined to determine
the distribution and abundance in and near Glacier National Park of two diatom species:
Didvmosphenia geminata and Distrionella incognita (Kingdom Plantae, Phylum Bacillariophyta).
Didvmosphenia geminata (“didymo”, “rock snot”) is becoming a nuisance in the west and
will probably increase in abundance in response to global warming and reduced stream flows.
Distrionella incognita (“glacier gold™) is a rare glacial relict species and will probably decrease in
abundance in response to predicted climate change. Didvmosphenia has been widely distributed
and locally abundant in the Park since 1976. Large populations of this diatom have been recorded
in all three of the Park’s major drainage basins: Pacific, Atlantic, and Hudson Bay. Samples
collected in 2007 from Duck Lake, Kintla Lake, and St. Mary Lake document the first large
populations of Distrionella to be recorded in North America. The genus Distrionella is known
only from cold, mountainous, and glaciated regions of the world.

Key words: biodiversity, climate change, didymo, Didvmosphenia, Distrionella. diatoms,
glacier gold, Glacier National Park, global warming, invasive species, relict species, rock snot

INTRODUCTION
A 3-yr survey of diatom (Kingdom
Plantae. Phylum Bacillariophyta) biodiver-

as indicators of environmental change—
one as an “increaser” and the other as a

sity in Glacier National Park was initiated
during the 2007 field season. Supplemented
by records from 1976-20006, the survey will
produce a checklist of diatom species from
the Park with photographic documenta-
tion of voucher specimens. Distribution

of species throughout the Park and their
relative abundance in various habitats will
also be recorded. The survey was predicated
on three assumptions: 1) aquatic habitats

of Glacier support diverse associations of
largely native diatom species; 2) diatom
flora of Glacier National Park will include
species that are endemic to the region and
new to science; and 3) diatom flora of Gla-
cier National Park will include species that

are sensitive to global warming, atmospheric

deposition, and other ecological perturba-
tions.

Two diatom species in particular, both
presumably native to the Park. have promise

© Intermountain Jowrnal of Sciences, Vol, 13, No. 4, 2007
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“decreaser”.

Didvmosphenia geminata (“didymo,”
“rock snot”; Fig. 1) is an aggressive invader
that forms conspicuous growths on stream
bottoms (Fig. 2), which may reach nuisance
levels for public recreation (Spaulding and
Elwell 2007). Growths of D. geminata have
been known to alter food web structure
and stream ecosystem function, degrade
water supplies, modity stream hydraulics,
and strain regional and national economies
through impacts on fisheries. toursm and
hydropower (U. S. Environmental Protec-
tion Agency 2007).

Distrionella incognita or “glacier
gold™ (Fig. 3) 1s a relatively rare diatom
and a glacial relict species. Until recently.
D. incognita had been reported only from
lakes in the British Isles and European Alps
(Krammer and Lange-Bertalot 1991). In
2005 a team of researchers reported small

99




|

L

Figure 1. Photomicrograph ot Didymosphe-
nia geminata (rock snot) from Two Medi-
cine Creek. Glacier National Park. Scale bar
=10 pm.

Figure 2. Rocks covered with Didymosphe-
nia geminata (rock snot) in Two Medicine
Creek below Running Eagle Falls, Septem-
ber 2007.

100 Bahls

Figure 3. Photomicrograph of Distrionella
incognita (glacier gold) from Kintla Lake,
Glacier National Park. Scale bar = 10 um.

populations ot D. incognita from several
streams that drain the Canadian Rockies
Ecoregion in northwestern Montana (Mo-
rales et al. 2005). These researchers specu-
lated that much larger populations of D.
incognita might be found in lakes ot Glacier
National Park.

SAMPLE SITES

Forty-six periphyton samples were col-
lected under various projects at 20 sites from
1976 through 2006, and another 68 samples
were collected at 68 new sites in 2007 (Fig.
4). Slides representing all of these samples
have been deposited in the Montana Diatom
Collection (maintained by the author in
Helena, Montana) and will be included in
the biodiversity study.

The 88 total sites included 33 standing
waters and 55 flowing waters. Forty-two
sites were west ot the Continental Divide
(Pacific drainage), 28 are north of the Divide
(Hudson Bay drainage), and 18 were east of
the Divide (Atlantic drainage). All sites oc-
curred along motor routes or within a 1-day

*
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Figure 4. Diatom biodiversity sampling stations in Glacier National Park, 1976-2007.

hike from a trailhead. Most were front coun-
try Sites near ihe lower ends of the Park’s
major caichinenis. Two sites that were
sariipled i 2007—Duck Lake and Lower
Two Medicine Lake—and one pre-2007
site—Swaticuireni Creek near mouth—are
located near the Park but outside the Park
boundary.

METHODS AND MATERIALS

nh
following Montana Department of Environ-
mental Cuality Standard Operating Proce-
dure 12.] .2 for water quality monitoring,
available at www.deq.state.mt.us/wginfo/
monttormg/SOP/sop.asp. This is a targeted
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multihabitat method in which available sub-
strates (rocks, wood, sediment, mosses and
higher plants) were sampled in proportion to
their importance at a site, and conspicuous
algal growths (filaments and colonies) were
also selected for sampling. Samples from
various substrates and of conspicuous algal
growths were combined in a single sample
container. All samples were collected within
wading distance from stream banks or lake
shores. Samples were preserved with Lugols
(IKI) solution and kept dark during transport
and storage. In the lab samples were treated
with concentrated sulfuric acid, potassium
dichromate, and hydrogen peroxide to re-
move organic matter. | prepared three perma-
nent slides of randomly strewn diatom frus-
tules in Naphrax® and accessioned them into
the Montana Diatom Collection. The slide
with the most even distribution of frustules
on the cover glass was chosen for analysis. |
stored the remaining cleaned diatom material
in glass vials for future SEM work and for
making more slides if necessary.

Because of its large size, Didvmosphe-
nia geminata could be identified and counted
under low magnification (100X). For each
slide, | scanned the entire 18-mm x 18-mm
cover glass and counted all valves of D. gem-
inata. Each diatom cell or frustule consists
ot two valves, one fitting inside the other
like an old-fashioned pillbox. The number
of valves divided by 2 equals the number of
cells. Because samples were representative
of substrates and conspicuous growths and
because slides are prepared to achieve as
even a distribution of diatoms as possible,
this method will approximate relative abun-
dance of Didymosphenia at a site compared
to other sites.

For Distrionella incognita, a much
smaller diatom, I scanned each slide at 400X
to determine if the taxon was present. If
present a proportional count of 600 valves
was conducted with a 1000X oil immer-
sion objective (1.4 NA) on a Leica DMLB?2
research microscope. In this count, valves of
D. incognita were counted versus valves of
all other species. This method also approxi-
mated relative abundance of Distrionella at a
site compared to other sites.
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AR - ——————————

Pre-2007 Samples

Pre-2007 samples were collected in the
same manner as 2007 samples except that
samples from Lake Winona, Lake McDon-
ald, and Swiftcurrent Lake were taken at
a depth requiring a wet suit and SCUBA
gear. Pre-2007 samples were processed in
the same manner as 2007 samples except
that only one or two slides were prepared,
cover glasses were variable in size, vari-
ous mounting media (Carmount®, Hyrax®,
Naphrax®) were used, and cleaned diatom
material was not retained. Slides made from
pre-2007 samples were scanned at 100X and
400X to determine the presence of Didymos-
phenia geminata and Distrionella incognita,
respectively. If Distrionella incognita was
present, a 600-valve count was performed at
1000X.

RESULTS

Didymosphenia geminata

Didvmosphenia geminata was present
in 36 of 46 pre-2007 samples (Table 1). Ear-
liest records of this species were from the
North Fork and Middle Fork of the Flathead
River in 1976. Numerous valves of D. gemi-
nata were observed on slides made from
samples collected in 1976 at Polebridge and
Big Creek on the North Fork and from the
Middle Fork at its mouth. At pre-2007 sites,
D. geminata was present in 35 of 39 samples
collected from flowing waters and in one
of seven samples collected from standing
waters.

D. geminata was found in 36 of the 68
samples collected in 2007 (Table 2, Fig. 5).
It occurred in 30 of 41 flowing waters (73%)
and in 6 of 27 standing waters (22%). Large
populations (> 200 valves) ot Didvmosphe-
nia geminata were recorded in all three of the
Park’s major drainage basins: Atlantic, Pa-
cific, and Hudson Bay. Lake McDonald was
the only standing water that supported a large
population of this diatom. Sites that support-
ed conspicuous growths of this species (as in
Fig. 2) were all exposed to direct sunlight in
openings of the forest canopy (field notes).
Several of these locations are flowing waters
below waterfalls or lake outlets. Smaller




Table 1. Presence or absence ot Didymosphenia

geminata in periphyton samples collected

in or near Glacier National Park trom 1976 through 2006. Water body names followed by an
asterisk are the author’s names for water bodies not named on USGS topographic maps.

Water Body and Location Sample Year(s)  No.Samples Didymosphenia
North Fork Flathead River at Canadian Border 1976 1 0/
North Fork Flathead River at Polebridge 1976 i 11
North Fork Flathead River at Big Creek 1976 1 1Al
Middle Fork Flathead River at mouth 1976 1 1
North Fork Flathead River near Columbia Falls 1978-1980, 2001-2003 4,3 3/4, 3/3
Middle Fork Flathead River near West Glacier 1978-1980, 2001-2003 4,3 4/4,3/3
Swiftcurrent Creek near mouth 1978-1980 4 4/4
Kintla Lake near inlet 1979 1 0/1
Kintla Spring* to Kintla Lake about half way up north shore 1979 1 0/1
Belly River at Threemile Camp 1980, 1996 2 14, 44
Lake McDonald near Apgar 1993 1 1
Belly Spring Brook™ alongside Belly River near Threemile Camp 1996 1 01
Middle Fork Flathead River below Nyack Creek, downwelling area 1997 4 3/4
Middle Fork Flathead River below Nyack Creek, neutral VHG 1997 4 4/4
Middle Fork Flathead River below Nyack Creek, upwelling area 1997 4 4/4
Lake Winona 1999 1 on
Lake McDonald at mouth of Sprague Creek 1999 1 01
Swiftcurrent Lake at boat ramp near picnic area 1999 1 0/1
Weeping Wall, Logan Pass 1978 1 0/1
Camas Creek 250 yards above Inside North Fork Road 2006 2 22

numbers of D. geminata were recorded at
some higher elevation sites, e.g. Siyeh Creek,

and in presumably near pristine waters, e.g.,
Wild Creek.

Distrionella incognita

Among pre-2007 samples, | detected D.
incognita in the North Fork Flathead River
near Columbia Falls and in the Belly River
at Threemile Camp., where it accounted for
7 percent and | percent of diatom valves,
respectively. These specimens may have
originated in any one of several upstream
lakes. None of the pre-2007 lake samples
included this species.

In 2007 large populations of Distrion-
ella incognita (> 200 valves) were recorded
in Kintla Lake, St. Mary Lake and Duck
Lake (Table 2, Fig. 6) that confirmed this
diatom as primarily a species of large lakes.
Smaller populations were found in Swiftcur-
rent Lake, Lake Josephine, and Bowman
Lake. Among streams, the largest number of
valves (104) was recorded in the St. Mary
River below St. Mary Lake. Much smaller
numbers were recorded in Bowman Creek

Diatom Indicators

below Bowman Lake, Quartz Creek near its
mouth. and in McDonald Creek below Lake
McDonald. The presence of D. incognita
Quartz Creek suggested that it also occurred
in one or both of the Quartz Lakes. Although
it was not found in the sample collected
from Lake McDonald, its presence in lower
McDonald Creek suggested that 1t was pres-
ent there also.

DiSCUSSION

Didvmosphenia geminata is likely
native to Glacier National Park. It was first
reported from Montana in 1929 when C.
J. Elmore found Gomphonema gemina-
tum (Lyngbye) Agardh in collections from
Flathead Lake (Prescott and Dillard 1979).
Records derived from slides deposited in
the Montana Diatom Collection indicated
that this taxon is widely distributed in the
Pacific Northwest (Bahls 2004). Because
of its large size. Didymosphenia geminata
is often missed during diatom proportional
counts, which are conducted at high micro-
scope magnifications. Therefore, this taxon
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Table 2. Total number of Didymosphenia geminata valves per slide and number and percent
of Distrionella incognita valves in counts of 600 diatom valves in periphyton samples
collected in or near Glacier National Park in 2007. Water body names followed by an asterisk
are the author’s names for water bodies not named on USGS topographic maps.

Water Body and Location Didymosphenia Distrionella ~ Distrionella
No. Valves No. Valves %

Fish Creek at campground 19

Kintla Lake 280 46.7

Kintla Spring Pool* on trail between upper and lower Kintla Lakes

Kintla Creek above upper Kintla Lake

Two Medicine Lake (north shore) 18
No Name Creek* below No Name Lake and Twin Falls 373
Upper Two Medicine Lake (east end)

Two Medicine Spring™ at N. Shore Two Medicine Lake Trail

Paradise Creek at mouth (at Two Medicine Lake) 37
Paradise Pond* near Paradise Cr. on S. Shore Two Medicine Lake Trail

Two Medicine Creek below Pray Lake at Two Medicine Campground 116
Lower Two Medicine Lake near reservation boundary

Two Medicine Creek below Running Eagle Falls 99

Paradise Spring Brook* (outlet from Paradise Pond*) 6

Duck Lake 227 37.8
Swiftcurrent Lake west shore at trail 22 3.7
Cataract Creek above Lake Josephine 7

Josephine Wetland* along boardwalk at head of Lake Josephine

Lake Josephine, southeast shore near boat dock 3 8 E8
Sherburne Spring Seep” at head of Lake Sherburne near Cracker Flats

Allen Creek at Cracker Lake tralil 2

Canyon Creek near mouth on Cracker Flats

Redrock Lake at trail

Bullhead Lake, north shore near trail and constriction

Windmaker Creek™ at trail near Bullhead Lake

Swiftcurrent Creek below Wilbur Creek and above campground
Logging Seep* next to Logging Lake trail at upper edge of 1988 Burn
Logging Lake at Logging Lake Campground

Logging Creek near upper edge of 1988 Burn 890

Quartz Creek at Quartz Creek Campground 231 1 0.2
Hidden Meadow Lake near lone pine

Bowman Lake southwest shore near ranger station 6 1.0
Bowman Creek 0.85 miles above Inside North Fork Road 429 18 3.0
Akokala Creek below Inside North Fork Road 89

Logging Creek east branch at Logging Creek Campground Unit 2 189

Bear Creek at US Highway 2 below Autumn Creek and Skyland Creek 939

Atlantic Creek below Atlantic Falls 504

Medicine Grizzly Lake near outlet

Atlantic Pond" on trail below Medicine Grizzly Lake

E (O A NS ) B0 )

Amphitheater Creek* above North Fork Cut Bank Creek Trail 10

Cut Bank Pond™ along North Fork Cut Bank Creek Trail

Eagle Plume Creek* near mouth 2

Kupunkamint Creek* above North Fork Cut Bank Creek Trail

North Fork Cut Bank Creek at Cut Bank Campground 42

Saint Mary River at Saint Mary Campground footbridge 235 104 17.3

Divide Creek above Saint Mary townsite
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Table 2. cont.

Water Body and Location Didymosphenia  Distrionella  Disirionella
No. Valves No. Valves %

Wiid Creek below Glacier National Park Boundary 5

Rose Creek at Rising Sun 232

Saint Mary Lake at Golden Stairs 438 730

Lost Lake on Going-to-the-Sun Road

Siyeh Creek above Siyeh Bend 20

Siyen Seep" aiong Going-to-the-Sun Road at Siyeh Bend

Virginia Creek below Virginia Falls 2

Dusty Star Creek™ above trail to Virginia Falls

Saint Mary River above Saint Mary Falils 266

Baring Creek below Baring Fails 2

Howe Creek at trail below outlet from Lower Howe Lake

Lower Howe Lake

Howe Creek at Inside North Fork Road

Fern Creek at Inside North Fork Road 2

Lake McDonaid at glacier exhibit on GTTS Road above Sprague Creek 207

Avalanche Creek at mouth 2

McDonalid Creek above Avalanche Creek 3

Johns Lake

Johns Fen* south of Johns Lake on Johns Lake Loop Trail

Fish Lake

Sprague Creek at Fish Lake Trall

McDonald Creek near mouth above Quarter Circle Bridge 10 2 0.3

is probably much more widespread than
reported.

Based on pre-2007 samples, Didymos-
phenia geminata was widely distributed in
and near Glacier National Park. It occurred
in 78 percent of all samples and in 90
percent of flowing water samples collected
from 1976 through 2006. Slides made from
samples collected in 1976 from the lower
North and Middle Forks of the Flathead
River suggest that both rivers supported
heavy growths of Didvmosphenia gemiriata
that year. Samples collected in 2007 indi-
cated that Didymosphenia geminata remains
widely distributed and locally abundant in
Glacier National Park.

Available data were not sufficient
to determine whether populations of D.
geminata were increasing, decreasing, or
stable in the Park. Elsewhere, this species is
rapidly expanding its range and becoming
a nuisance (LI.S. Environmental Protection
Agency 2007). In the United States, streams
with higher base flow index at higher eleva-
tions in cooler climates have the highest

Diatom Indicators of Climate Change in Glacier National Park
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probability of D. geminata presence (Kumar
et al. unpublished data). The base Aow index
is base flow—the component of stream flow
attributed to groundwater discharge—com-
puted as a percentage of total stream flow.
Preliminary modeling suggests that mean
temperature of the warmest calendar quarter
and the base flow index are the two best pre-
dictors of potential suitable habitats for D.
geminata (Kumar et al. unpublished data).
In Glacier and elsewhere 1n the Cana-
dian Rockies Ecoregion, warmer tempera-
tures, shrinking glaciers and lower stream
flows (Rood et al. 2005, Fagre 2007) may
favor growth of D. geminata over the long
term. Short-term cycles of drought may also
be a factor. In the summer of 2007, both
Flathead and Glacier Counties were 1n the
midst of “‘severe drought”™ (Montana Natural
Resources Information System 2007). Some
effects of global warming and drought in
the Park have been lower peak runoff, lower
base flows, and disappearing streams (Fagre
2007, Jamison 2007). The lack of substrate-
scouring flows in the spring may allow
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Figure 6. Distribution and relative abundance of Distrionella incognita (glacier gold) in

Gilacier National Park, 2007.

North America. These samples confirm that
the preferred habitat for D. incognitea is
large glacially scoured lakes in the Cana-
dian Rockies Ecoregion. Smaller glacial
lakes, e.g., Josephine and Swiftcurrent
lakes, also support this diatom. Smaller
numbers of this diatom have been recorded

in streams (Morales et al. 2005, this study).
As with the St. Mary River below S1. Mary
Lake, most if not all individuals of this
species that have been recorded in streams
probably originated in upstream lakes.
Distrionella incognita and other
Distrionella species are restricted in their
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distribution to cold, mountainous, and glaci-
ated regions of the world: the European
Alps (Reichardt 1988), the Isle of Mull in
Scotland (Williams 1990), Subantarctica
(Van de Vijver et al. 2000), the Kerguelen
Islands (Reichardt and Lange-Bertalot
1990), and the southern Andes in South
America (Rumrich et al. 2000). Given
its range and autecology, populations of
Distrionella in Glacier National Park will
probably decrease in response to global
warming and projected hydrologic trends.
Periphyton and other monitoring conducted
by the Rocky Mountain Inventory and
Monitoring Network (ROMN) ot the Na-
tional Park Service’s Vital Signs Program,
available at http://science.nature.nps.gov/
im/units/romn, may help elucidate popula-
tion trends and contributing factors for both
Distrionella and Didymosphenia in Glacier
National Park.

Common names are useful in that they
help the lay public relate to organisms in
our environment. Few diatoms have com-
mon names. “Rock snot” is very descriptive
and evidently coined by someone who has
experienced large fresh colonies of Didymo-
sphenia first hand. Distrionella did not have
a common name, so [ gave it one: glacier
gold. This name is appropriate for a variety
of reasons. The “glacier” part refers both to
Glacier National Park, where large popu-
lations of this species were first found in
North America, and to the diatom’s preterred
habitat, which is literally in the wake of
glaciers. This is true not only of D. incognita
but also of other species in the genus Distri-
onella. The periphyton assemblage on rocks
along the shore of St. Mary Lake, where |
found the largest percentage of Distrionella
(73%), had a bright golden color. Coinciden-
tally, I collected the St. Mary Lake sample at
a place along the Going-To-The-Sun Road
called Golden Stairs, which i1s named for a
distinctive limestone formation. The word
“gold™ also conveys a sense of value and
rarity—D. incognita is a rare diatom, at least
in the conterminous United States. Finally,
glacier gold is a reference to the ““mother
lode” (primary in situ deposit) of this diatom
in North America: Glacier National Park.
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MERCURY IN MOUSE HAIR: A MONITORING TOOL FOR
ENVIRONMENTAL EXPOSURE

Thomas Waring, Environmental Enginecring Department, Montana Tech of the University of Montana,
Butte, MT 59701
Richard Douglass, Biology Department, Montana Tech of the University of Montana, Butte, MT 59701

ABSTRACT

We determined mercury concentrations for soil and mouse hair from four Montana sites. Two
of the sites associated with previous mining activity had elevated soil mercury concentrations.
One site with an average total mercury concentration of 22.4 pg/g was > 200 times higher than
concentrations reported for typical U.S. topsoils. Mean mercury concentrations of 4.5 pg /g and
5.1 ng /g were measured in the hair of mice living on the contaminated sites—five to six times
higher than hair concentrations from mice captured at the other two sites. From the information
collected during this study, monitoring of mercury levels in mouse hair could provide valuable
data to assess either environmental exposure at contaminated sites or to establish environmental

baseline data.

Key words: mercury, mouse hair, biomonitoring, bioindicators, mining

INTRODUCTION

The idea that small mammals could
be used as monitors for environmental
contamination is not new. In the 1980s
Douglass (1984, 1989) and Skalski (1984)
recommended that rodents be used for
ecological monitoring. They pointed out
that rodents are particularly useful because
they are small, easy to handle, and spend
their entire life cycle within a relatively
small area, e.g., mines or urban sites.

Mice also hold ecological importance

in food chains because they are food for
nearly all terrestrial and avian carnivores.
Reynolds et al. (2006) recently reported

that northern pocket gophers may be useful
biomonitors of heavy metal (Pb, Cd, and As)
contamination. Our investigation focused

on the possibility of using mercury in

mouse hair as an appropriate biomonitor for
environmental mercury.

In biological materials mercury is
often bound with sultur in amino acids and
proteins. Since it is comprised mostly of
protein, hair has often been used to indicate
mercury exposure in mammals including
humans. Many studies have confirmed
that people and mammals exposed to

environments or foodstutfs contaminated
with mercury accumulate mercury in

their hair (Matsubara and Machida 1985,
Kosatsky et al. 2000, Fortin et al. 2001;
U.S. Environmental Protection Agency
1997). In human hair Kosatsky et al. (1985)
found that participants who ate sportfish

at least once/week had hair geometric

mean mercury concentrations of 0.82 nug/g
compared to 0.38 pg /g for those who ate
sportfish < once/week. Fortin et al. (2001)
found mercury concentrations of 30.1 ng/g
in mink fur and 20.7 pg/g in river otter fur
from James Bay Territory. Peterson and
Madden (2006) reported using domestic
pets as sentinel species by measuring heavy
metals in hair.

Previous work on mercury
concentrations in mouse hair was performed
by Burton et al. (1977) who captured mice
from four similar habitats in Utah. They
tound hair mercury levels in seven deer
mice (Peromyscus maniculatus) trom a rural
site near Vernal, Utah, to average 0.31 ng/g,
and in six mice from near Magna (the site
of a copper smelter), Utah, to average 1.7
pug/g. However, mice captured from Bird
and Badger Islands—two islands in the
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Great Salt Lake—had much higher levels.
Fouirteen mice from Bird Island ayeraged
10.8 jig/g and eight mice from Badger Island
averaged 7.8 ug/g. Burton et al. (1977)
postulated that the higher concentrations in
the 1sland mice were caused from mercury
tound in brineflies that comprised a major
part of the diet for these mice. They did not
report soil concentrations.

Mercury levels in soils may vary
widely depending upon the soil's origin.
Warren et al. (1966) measured total mercury
concentrations from 10-50 ng/g (ppb)
in soils unaffected by mineralization to
concentrations as high as 10,000-20,000
ppb in immediate areas of mercury
mineralization. The U. S. Geological Survey
(USGS, 1970) assembled a large amount
of data regarding the mercury content of
various earth materials. In 2004 the USGS
and the Geological Survey of Canada
initiated pilot studies tor the North American
Soil Geochemical Landscape Project (Smith
et al. 2005). They reported total mercury
concentrations of 0.02-0.71 ug/g (ppm)
in the soil A horizon at 260 sites across
the United States with only six samples
> 0.1 pug/g. Phelps and Buseck (1980)
reported “background levels of mercury”
in Yellowstone National Park soils that
averaged 20 ppb with an anomaly threshold
ot 40-50 ppb.

We designed our study to determine
whether deer mice living in areas with
elevated soll mercury concentrations
would show increased mercury in their hair
compared to mice living in areas with lower
soil mercury concentrations. We examined
mercury levels in hair from mice captured
at four sites in western Montana, Two sit€és,
Silver and Trinity Creeks, were drainages
with evidence of past gold placer mining.
Another, the Comet mine site, was an
engineered repository where mining wasté
materials had been burnied, capped with a
waterproof barrier and covered with topsotl.
A ranch site near Cascade, Montana, had
no history of mining activity. Waring and
Waring fully described (2006) the Silver
Creek, Trinity Creek, and Comet mine sites.

METHODS

Sampling areas of ~ 2 ha were
established at each site. All soil and mice
were sampled during the 2™ week of June
2003 along transects crossing the sampling
areas. The soil sampling and lab procedure
protocols were described by Waring and
Waring (2006).

Mice were caught by placing 100
Sherman live traps in four parallel rows
of 25 wraps spaced at 10-m intervals. We
inserted synthetic cotton for bedding and
baited traps with peanut butter and oatmeal.
Each animal was removed from a trap by
emptying them into an unused bread bag.
We removed a hair sample from the animal’s
back with scissors and placed it in a vial.
Before release, we recorded species, sex,
breeding condition, and weight of each
animal. To avoid cross contamination,
scissors were washed in distilled water and
acid rinsed between samples. We placed
sample vials on ice in a sampling cooler and
returned to the laboratory.

Soil samples were obtained at 10- to
20-m intervals along transects crossing the
sampling areas. Each sample was obtained
at a depth of 10-20 cm using a spade to raise
the soil and then obtaining the sample using
a plastic spoon. We took care to sample
only soil that had not contacted the shovel
surface. For each soil sample location,

a composite sample was obtained by
combining eight sub-samples into a plastic
bag. The sample was placed on ice in the
cooler for transport to the laboratory where
it was frozen until later analysis.

For hair analysis, samples were
removed from the vials and placed onto
a millipore filter in the filter apparatus.
Each sample was then triple rinsed on the
filter using de-lonized water to remove
surface contamination and then dried on
the filter in a 65 °C oven until reaching a
constant weight. The filter and hair were
then separated using acid-rinsed forceps.
We weighed a hair sample of 10 + 2 mg
and placed it into a 20-ml straight walled
vial. Two ml of 45-percent (w/v) sodium
hydroxide and | ml of I-percent {w/v)
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L-cysteine was added and the mixture
heated to near boiling with continuous
gentle swirling. The solution was cooled and
the volume adjusted to 10 ml with |-percent
(w/v) sodium chloride and then analyzed.

For soil analysis we removed samples
from the sampling bag, mixed and placed
them in beakers to air dry. Upon reaching
constant air dry weight, we mixed the
sample again. Samples of 0.2-gm were
placed into a digestion bottle with 5.0 ml
Aqua regia and heated for two minutes in a
95 °C water bath. After cooling, 50 ml of
de-ionized water and 15 ml of potassium
permanganate solution were added and
the sample mixed and placed into a 95 °C
water bath for 30 min. After cooling 6.0
ml of sodium chloride and 55 ml of de-
ionized water were added before filtering
and measuring the final sample volume for
analysis.

The prepared hair and soil samples were
analyzed for total mercury according to
the U.S. Environmental Protection Agency
(1991) method 245.5 and the equipment
manufacturer’s standard operating procedure
for Cold Vapor Atomic Absorption
Spectroscopy (CVAAS). For quality control
we ran standard concentrations before and
after each batch of 20 samples. Each batch
included a blank and at least one replicated

sample. The average difference between
replicated samples was 8 percent for the
soils and 19 percent for the hair samples.

RESULTS AND DISCUSSION

Mercury concentrations measured in
hair and soils appear in Table 1. Compared
to recent USGS data reported by Smith
et al. (2005), the two sites impacted by
mining (Silver and Trinity Creek) had
highly elevated soil mercury concentrations;
repository cover soils had slightly elevated
concentrations; and the ranch site had
similar concentrations. To compare our
data to others, we used a total soil mercury
content of 0.1 pg/g as a high concentration
for background levels. Using 0.1 pg/g as
background, we estimated ratios of site
mercury concentrations to background as
follows: 225:1 for Silver Creek; 12:1 for
Trinity Creek; 1:1 for Comet Repository,
and 0.4:1 for the Cascade ranch site. We
considered a background ratio of > 10 to be
contaminated.

Deer mice living in areas with
contaminated soils had higher concentrations
of'mercury in their hair than mice from
the other sites (Tablel and Fig. 1). The
range of concentrations for mouse hair at
the contaminated sites (1.42-15.25 ng/g)

Table 1. Mercury concentrations in soil and deer mouse hair from four Montana sites in June,

2003.

Location Number of
Samples

Silver Creek
Hair 15
Soil 12
Trinity Creek
Hair 7 5.15
Soil 15
Comet
Hair 16
Soil 10
Cascade Ranch
Hair 23
Soil 10

112 Waring and Douglass

Hg (ug /9)
Mean Standard Range
Deviation
4.47 2.371.42-11.17
22.36 28.56 0.37-79.95
4.82 1.26-15.25
1.16 1.550.07-5.81
0.82 0.300.30-1.47
0.10 0.090.01-0.23
0.81 0.420.12-2.40
0.02 0.005 0.018-0.03
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Figure 1. Average and 95-percent confidence intervals for mercury concentrations in soil and
deer mouse hair from four Montana sites in June 2003.

overlapped each other as did those from the
other sites (0.12-2.40 ug/g). However, only
one of 39 samples from the uncontaminated
sites overlapped the range of concentrations
for the 23 samples from the contaminated
sites. Our results show that mice from the
two contaminated sites had hair mercury
levels five to six times higher than mice
from the uncontaminated sites, 1.e., Comet
Repository and the Cascade Ranch.

A comparison with deer mouse hair
levels reported by Burton et al. (1977)
shows that average levels at the Comet
Repository and the Cascade Ranch about

doubled the average levels Burton et al.
(1977) reported for the rural Vernal site and
one-half the levels reported from the Magna
site. Average levels measured from our
contaminated sites were approximately one-
half those reported for the island sites but
14-16 times those found at the rural Vernal,
Utah, site. Data from our study and Burton
et al. (1977) show that mouse hair does
indicate mouse exposure to environmental
mercury.

We observed large difterences in soil
mercury concentrations among all sites (Fig.
1). Comparatively. we detected only slight
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ditferences in hair concentrations between
the two sites assoclated with mining
activities that had the highest soil mercury
concentrations or between the Comet and
Ranch sites that had the lowest soil mercury
concentrations (Fig. 1). All comparisons
between sites that had high levels of soil
mercury (Silver and Trinity) to sites with
low levels (Comet and Ranch) showed
large ditterences 1n hair concentrations of’
mercury. These results indicated that deer
mice living on soils contaminated with
mercury accumulate mercury in their hair.

CONCLUSIONS

An objective ofthis study was to
detelmine if mice represent a pathway for
environmental mercury transport. Our data
show that mice in mercury contaminated
environments did accumulate mercury in
their hair and hence were an actual route for
mercury transport and dissemination within
an ecosystem. Because the levels
of mercury in the leaves and roots ofthe
vegetative species studied at the Silver Creek
and Trinity Creek sites generally did not
have elevated levels of mercury (Waring and
Waring 2006), the source of the mercury in
mouse hair did not likely result from
consumption of vegetation. one hypothetical
source of mercury in hair could result from
surface deposition on hair followed by
grooming. Another hypothetical source of
mercury accumulation on hair could result
from mice breathing/ingesting contaminated
soil particles incidental to normal activity.

Although the hypothesized routes of
exposure are interesting and worthy of
future study, a more important aspect of
our results lies in the fact that deer mice
from contaminated environments
accumulated more mercury in their hair
than mice from uncontaminated sites.
Thus, deer mice can be used as a long term
bioindicator of the effectiveness of
engineering treatments like repositories that
are designed to isolate mercury. For
example, from this study one might
conclude that the Comet Repository
prevented mercury in the repository
tailings from contaminating mice in the
ecosystem.

Further, since deer mice are relatively easy
to capture and are found in a broad array
of habitats, they could be monitored at a
relatively low cost and long term biological
monitor for sites constructed to isolate
mercury containing wastes.

Deer mice and levels of mercury in
their hair may be used to indicate levels
of mercury where they live. Furthermore,
depending on abundance, deer mice could
be a significant factor in mobilizing mercury
from soils into food chains. Routine
monitoring for mercury in deer mouse hair
could provide a valuable tool to assess
future changes in environmental mercury
concentrations.
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ABSTRACT

Raptors that scavenge animals containing lead (Pb) bullet fragments are subject to Pb poisoning.
We analyzed nestlings tissue for signs of PB poisoning in resident terruginous hawk (Buteo
regalis) and golden eagle (Aquila chrysaetos) populations near eight black-tailed prairie dog
(Cvnomys ludovicianus) colonies in Thunder Basin National Grassland (TBNG), Wyoming,
to determine if recreational prairie dog shooting resulted in lead poisoning in these two raptor
species. For a control, we collected tissue samples from ferruginous hawks at a reference site near
Rawlins, Wyoming, where shooting did not occur. Analytical tests included Pb concentration,
aminolevulinic acid dehydratase activity, hemoglobin levels, protoporphyrin levels, and packed
cell volume in blood samples, and Pb content in feathers. We also recovered prairie dog carcasses
to determine the amount and composition of bullet fragments. We did not detect Pb poisoning in
nestling raptors at any of our sites. We did, however, detect bullet fragments in 40 percent (4/10)
of prairie dog carcasses with a mean + SD weight of 92.5 + 60.7 mg/carcass (n = 4, Range = 10-
146 mg/carcass). Our results suggested that analysis of feathers for clinical signs of Pb poisoning
might be an unreliable technique. Even though we did not detect Pb poisoning, presence of Pb
bullet fragments in prairie dog carcasses indicated that recreational shooting could cause Pb
poisoning if raptors scavenge on those carcasses.

Key words: blood. ferruginous hawk, golden eagle, lead, prairie dog, shooting, toxicity

INTRODUCTION

Effects of lead (Pb) poisoning on because they are more likely to encounter
waterfowl (Bellrose 1959, Forbes and carcasses containing Pb bullet fragments
Sanderson 1978) are well known. Raptors (Pattee et al. 1990). Pauli and Buskirk
are also susceptible to Pb toxicity (Pattee (2007) documented that shot prairie dogs
and Hennes 1983, Harmata and Restani contain lead fragments and they may
1995, Wayland and Bollinger 1999, Miller provide an important portal for lead entering

et al. 2000). Although ferruginous hawks
(Buteo regalis) and golden eagles (Aquila
chrvsaetos) generally prey on live animals,
they also scavenge (Craig et al. 1990,
Bechard and Schmutz 1995). Scavenging
raptors may be especially vulnerable

wildlife food chains.

Thunder Basin National Grassland
(TBNG) 1s the population center of black-
tailed prairie dogs (Cynomys ludovicianus)
in Wyoming. Golden eagles. ferruginous
hawks, and other raptors that prey on prairie
' Current address: Robert M. Stephens, P. O. Box 122, dogs also nest there. Annual use of TBNG

Lewiston, 1D 83501 by prairie dog shooters can be as high as
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8500 hunter-use days (TBNG, unpublished
report). Prairie dog shooting has mostly
been unregulated with the exception of the
2001 shooting closure ot 29,340 ha (13%)
of TBNG for the reintroduction of black-
footed terrets (Mustela nigripes). Prairie
dog shooters do not collect carcasses, and
golden eagles and ferruginous hawks are
known to scavenge on these carcasses. The
results of ingesting food items containing
Pb are more severe to nestlings than adults
of altricial birds such as golden eagles and
ferruginous hawks (Hotfman et al. 1985).
Forty percent of nestling American kestrels
(Falco sparverius) that received a daily dose
of 625 mg of metallic Pb in corn oil/kg of
body weight died after 6 days (Hotfiman et
al. 1985).

During the nesting season of 2002, our
goal was to determine if ferruginous hawk
and golden eagle nestlings were exposed to
harmful doses of Pb if they scavenged shot
prairie dogs. Our first specific objective was
to analyze blood and feather samples of
terruginous hawk and golden eagle nestlings
for sub-clinical signs (0.2 to 1.5 pg Pb/g wet
weight) of Pb poisoning. Sub-clinical levels
are indicative of potential physiological
injury from which the bird would probably
recover it Pb exposure were terminated
(Franson 1996). Our second objective was
to assay the recovered bullet fragments to
determine the amount of Pb/carcass.

STUDY AREAS

We conducted our investigation at
TBNG from April through July 2002.
TBNG (43°30°00N, 105°15°00W) is part
of Medicine Bow National Forest and
1 located in northeast Wyoming within
Campbell, Weston, Converse, and Niobrara
counties (Fig. 1). It covers > 231,000 ha of
national forest lands that are interspersed
with private, state and USDI Bureau of Land
Management (BLM) lands. Fairly level
plains, rolling hills, and steep escarpments
characterize the topography of the area.
Precipitation is < 30 cm/yr and elevation
ranges from 1370 to 1600 m. Sagebrush
(Artemisia spp.) communities composed
of Wyoming big sagebrush (4. tridentata

wyomingensis), needle-and-thread grass
(Stipa comata). blue grama (Bouteloua
gracilis) and western wheatgrass (Agropyvron
smithii) are the dominant vegetation type,
and there are also ponderosa pine (Pinus
ponderosa) forests and cottonwood (Populus
spp.) corridors.

Our reference (control) site was located
in south-central Wyoming (41945' 00N,
107°30°00W) near Rawlins. The area 1s
characterized as a high, cool desert with
<30 c¢m of precipitation/year. Sagebrush
communities are the most common
vegetation type. Other assorted vegetation
types are interspersed throughout the
landscape including sagebrush/mountain
shrub, saltbush steppe, greasewood lowlands
and badlands. Ferruginous hawk and golden
eagle nests were found at elevations between
1829 and 2134 m. Most nests were located
on trees, platforms, and bluffs on private
land where prairie dog shooting did not
occur.

METHODS

At TBNG, we located active ferruginous
hawk and golden eagle nests by searching
historical nest sites identified in USDA Forest
Service (USFS), BLM. and Thunder Bird
Wildlife Consulting (Wright, WY') records,
and on-site searches. We monitored active
nests within 5 kim of prairie dog colonies
where recreational shooting occurred 1n an
attempt to focus on birds that may scavenge
on shot prairie dogs. Breeding season home
ranges of golden eagles in northem Wyoming
were 26.1 to 54.0 km? for five pairs (Kochert
et al. 2002). Home ranges of breeding male
ferruginous hawks in Idaho were 7.6 km?
(4.8-14.1, n=7) (McAnnis 1990). Even
though home ranges of adults nesting within
5 km of a prairie dog colony might not
include the associated colony, we used this
threshold to increase our sample size due
to the low densities at which these raptors
nest in TBNG. We collected blood samples
only from nestlings to determine local
bioaccumulation ot Pb. Capture and handling
protocols were reviewed and approved under
the University of Wyoming Animal Care and
Use Committee form number A-3216-01.
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Figure 1. Study sites in Wyoming.

We collected 2.0 ml of blood from
the brachial vein of ferruginous hawk and
golden eagle nestlings using a syringe and
performed five hematological analyses
on the samples: 1) Pb concentration,

2) aminolevulinic acid dehydratase
(ALAD) activity, 3) hemoglobin level, 4)
protoporphyrin level and 5) packed cell
volume (PCV). We divided the 2.0 ml of
blood into four vials, each containing a
0.5 ml aliquot of blood for the first four
analyses.

Blood Pb analyses were performed
at the University of Wyoming’s Red
Buttes Environmental Biology Laboratory
(RBEBL; Laramie, WY) on a Varian
SpectrAA6G00 graphite furnace atomic
absorption spectrophotometer equipped
with Zeeman background correction
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(Fernandez and Hilligoss 1982). When Pb
concentrations were below the detection
limit, we used the mean of the detection
limit and zero as an individual’s Pb
concentration based on the assumption that
the Pb concentration fell between zero and
the detection limit. We classified blood Pb
concentrations in Falconiformes according
to Franson (1996) and we also compared
terruginous hawk blood Pb levels at TBNG
to the reference site using a Mann Whitney
Test.

ALAD is an essential enzyme for heme
synthesis, and its inhibition is a standard
bioassay to detect Pb exposure in birds
(Henny et al. 2000). ALAD activity was
measured colorimetrically by the National
Wildlife Health Center (Madison, W1)
with a Beckman DU-65 spectrophotometer

—



(Beckman Instruments, Fullerton, CA),
based on methods described by Burch

and Siegel (1971). We determined ALAD
activity with duplicate 0.1-ml aliquots of
blood; we report the mean ot the duplicates.
One unit of enzyme activity is defined as an
increase in absorbance at 555 nm of 0.100),
with a [.0-cm light path/ml of erythrocytes/
hour at 38 °C.

Over-exposure to Pb also causes
reduced total-blood hemoglobin
concentration, elevated levels of
protoporphyrin and decreased PCV
(Hottman et al. 1995). Antech Diagnostic
(Irvine, CA) conducted hemoglobin analyses
by the cyanmethomoglobin method and
spectrophotometric measurement (Sart et al.
2001). We measured protoporphyrin levels
(ug/dl of blood) with a hematofluorometer
at 2, 24, and 48 hrs after blood collection
(Franson et al. 1996). We used a heparinized
capillary tube to collect blood from the
puncture site for PCV analysis and spun
the capillary tubes in a micro-centrifuge
tor 3 min. PCV was the percentage of red
blood cells in whole blood determined by
centrifuging whole blood. We evaluated
the influence of Pb exposure on ALAD,
hemoglobin levels, protoporphyrin levels
and PCV by comparing the 95-percent
confidence intervals for TBNG and the
reference site.

We also evaluated the use of feathers as
a less invasive sample for determining Pb
poisoning. We pulled several pin or down,
breast feathers from nestlings and stored
them in plastic sample bags. Down feathers
were only collected from nestlings that had
not developed pin feathers at the time of
sampling. Feathers were washed vigorously
in S0-percent aqueous acetone followed by
three rinses with delonized water to reimove
loosely adherent external contaminaiion
Feathers were then air dried overnight at
60 °C and weighed to the nearest 0.1 mg.
Weighed samples were digested at 180

C for 10 min with a combmation of 0.5
ml each H,0; and HNO; in a microwave
digestion system (MDS 2000, CEM Corp,
Mathews, NC), cooled and diluted to 5 ml
with deionized water. The diluted sampies

were analyzed together with appropriate
standards, reference samples and Pb-spiked
duplicates by ICP-MS at the WSVL, We
used the mean of the detection hmit and zero
as an individuals Pb concentration when

Pb concentrations were below the detection
limit. Due to high detection limits of down
teathers, we only used pin feathers in the
linear regression analysis of Pb content in
the blood and compared to feathers.

When we encountered shooters at
prairie dog colonies, we collected and froze
praine dog carcasses within a few hours
of shooting and had them radiographed at
a veterinary clinic in Laramie, Wyoming.
Guided by the radiograph, we dissected the
carcass and searched for metal fragments.
Metal fragments were weighed, digested in
HNO; and H,0., and analyzed on an Elan
6100 Inductively Coupled Plasma-Mass
Spectrometry (ICP-MS; Perkin Elmer,
Norwalk, CN). ICP-MS analyses were
performed at the Wyoming State Veterinary
Lab (WSVL) in Laramie according to their
Standard Operating Procedure (WSVL
2001).

RESULTS

We collected blood and feather (15:pin;
8:down) samples from 23 terruginous hawk
nestlings (26.5 £ 3.2 days old) at nine nests
in TBNG. We also collected blood and six
feather (5:pin; 1:down) samples from seven
golden eagle nestlings in TBNG. At the
reterence site, we sampled 23 ferruginous
hawk nestlings (39.2 + 2.8 days old) from
nine nests and obtained blood and feather
(pin feathers only) samples from each hawk.
Blood Pb samples trom each site were below
sub-clinical levels 0of 0.2 to 1.5 ug Pb/g wet
weight (Table 1) and 88.7 percent ot blood
Pb samples (n = 53) were below detection
limits. Blood Pb levels were higher for
ferruginous hawks at the reference site than
at TBNG (Mann Whitney, W =323 .0, o. <
0.001). PCV was higher at the reference site
(35.17-37.25) than at TBNG (29.13--31.°75).
ALAD activity, hemoglobin levels, and
protoporphyrin levels in ferruginous hawk
and golden eagle nestlings at TBNG also
suggested against Pb poisoning (Table 2).
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Table 1. Blood Pb concentrations of ferruginous hawk (FEHA) and golden eagle (GOEA)
nestlings sampled during June—July 2002 at Thunder Basin National Grasslands (TBNG) and

the reterence site (REF) near Rawlins, Wyoming.

Species Site n Minimum Maximum Mean Detection Limit
(ng Pb/g) (g Pb/g) (g Pb/g)  (Mean = SD; pg Pb/g)

FEHA TBNG 23 0.020 0.061 0.025 0.044 + 0.004

FEHA REF 23 0.023 0.167 0.034 0.049 + 0.002

TBNG i 0.021 0.074 0.032 0.044 + 0.006

GOEA

Table 2. Blood constituents used to compare lead toxicity of ferruginous hawk (FEHA) and
golden eagle (GOEA) nestlings sampled at Thunder Basin National Grasslands (TBNG) and a

gqence_sEE(REF) near Rawlins, Wyoming, 2002.

Parameter Species Site n Mean + SD 95% Confidence Interval
ALAD FEHA TBNG 23 35366 326 - 380
(Burch & Siegel Units) FEHA REF 22 289 + 27 277 - 300
GOEA  TBNG 5 466.4 + 31.7 404.3-528.5
Protoporphyrin' FEHA TBNG 23 STV 12.8-18.5
(Hg/dl) FEHA  REF 23 105+2.8 6.2-14.8
GOEA  TBNG 7 359+220 -79-720
Hemoglobin FEHA TBNG 23 10323 9.4-113
(g/di) FEHA REF 13 11619 10.4-125
GOEA  TBNG 6 97210 7.87-11.59
PCV FEHA TBNG 23 304+32 29.1-31.8
(% RBC in whole blood?) FEHA REF 23 36.2+2.6 35.2-37.3
GOEA  TBNG 6 30.3+6.0 25.46 - 35.1

' Levels reported were measured at 48 hours after blood collection
2 Red blood cells

Table 3. Feather Pb concentrations in ferruginous hawks (FEHA) and golden eagles (GOEA)
at Thunder Basin National Grasslands (TBNG) and a reference site (REF) near Rawlins,

Wyoming, 2002.

Species Site Feather n  Minimum  Maximum  Mean Detection Limit
Type (ng Pblg) (g Pblg) (g Pblg)  (Mean =+ SD; pg Pbig)

FEHA TBNG Pin 15 0.08 24.72 0.20 0.314+0.139

Down 8 0.183 1.306 0.498 0.921 + 0.367
FEHA REF Pin 23 0.48 2.616 0.122 0.140 £ 0.046
GOEA TBNG Pin 0.101 1.935 0.443 0.094 + 0.063

Down 1 - 1.070 - 0.314
120 Stephens ct al.
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Feather Pb co rations are presented in
Table 3. We fo lnd no relationship between
feather Pb and blood Pb concentrations (F =
1.31 - 9.1 x blood Pb concentration;
P=0.16).
We collected 10 carcasses of shot
prairie dogs and found bullet fragments in
four carcasses (Table 4). The mean total
weight of the bullet fragments recovered/
carcass was 92.5 + 60.7 mg (Mean + SD;
n=4). The mean weight of individual
fragments recovered was 24.7 mg. Three
carcasses contained greater than trace
amounts of Pb, which averaged 57.3 £ 57.9
mg. Copper (Cu) was the primary metal (=
78% of total metals) in three samples and
was accompanied by traces of zinc (Zn).
~ragments in the fourth carcass were almost

entirely Cu with trace amounts of Pb and Zn.

Discussion

Blood Pb coneentrations in all
ferruginous hawks and golden eagles
sampled were below sub-clinical levels
However, amounts detected at both sites
indicated that Pb occurred at low levels.
Blood Pb levels were higher for ferruginous
hawks at the Rawlins reference site but
were likely due to the older age of Rawlins
nestlings at time of sampling. Average age
of nestiings sampled in TBNG and Rawlins
were 26.5 and 39.2 days, respectively,
providing Rawlins nestlings with a longer
exposure to environmental Pb sources.

Comparisons of ALAD activity,
protoporphyrin levels, and hemoglobin
levels of ferruginous hawks between

Table 4. Metal content of bullet fragments rec
at Thupder Basin National Grasslands, 2002.

=04,

sites also in-dicalcd Pb poisoning was not
ceeurnng 1n the raptors we sampled at
TBNG. P( V was lower at TBNG though
bul this difference was also likely due to
the younger age of TBNG nestlings when
sampled. PCV increases in young animals
with age 1o fulfill increasing metabolic
dema ‘i for oxygen ussociated with
nereasing body size (Rawson et al. 1992).

Several factor may explain why
Pb levels in raptors were low. First, a
sylvatic plague (Yessinia pestis) epizootic
drastically reduced prairie dog numbers
al many ties in TBNG during 2001 -
Second, 13 percent of TBNG was
t.l()s +d to prairie dog shooting i 2001 in an
effiort to reintroduce biack-footed ferrets.
New shooting regulations and a dwmdlmb
prairie dog population reduced the number
of shooters that visited TBNG during i'nc
course of our study relative to previous
years. Finally, long-term surveys in this
area indicated an abundance of lagomorphs
during our study, thus reducing the
likelthood of raptors scavenging shot prairie
dogs.

We found that feather Pb concentrations
were much higher than blood Pb
concentrations. Burger and Gochfeld (2000)
also reported that the type of tissue analyzed
is the strongest contributor responsible for
variation in concentrations of metals with b
concentrations highest in feathers. However,
we were unable to use this as an additional
measure of Pb toxicity because there was
no relationship between concentrations of
feather Pb and blood Pb, and the literature

colot
."l [%g i

2002

sovered from 10 prainie dog carcasses coiiecied

Sample  Rifle Total Number of Pb Content Cu Content Zn Content
Caliber Weight Fragments % Mg % Mg %
1 022250 146 mg 4 191 28 781 113 <
2 0.22:250 10mg 1 <01 TH2 106 10 <1
3 0.25-06 B5mg B 23 20 79 67 <1
4 0.243 129 mg 4 96 124 <1 ? <1
'Very high concentration of Pb and Cu required repeated dilution to estimate percentages of each metal; thus the
percentages do not equal 100 percent.
‘ Too small to estimate
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lacks reference values for Falconiformes
feather Pb concentrations as indicators of Pb
poisoning.

We found bullet fragments in 40
percent of prairie dog carcasses examined;
bullet types were unclassified. Cu was the
dominant metal present in recovery and
analysis of bullet fragments from prairie
dog carcasses. However, we did not analyze
Cu concentrations in blood, and we found
no information in our literature review on
Cu toxicity in avian wildlife (Eisler 1998).
Further research is needed before the
implications of Cu consumption by raptors
can be assessed.

Pauli and Buskirk (2007) reported
that 87 percent of prairie dogs shot
with expanding bullets contained bullet
fragments, whereas only 7 percent of
carcasses shot with non-expanding bullets
did. Also, carcasses shot with expanding
bullets contained a mean of 228.4 mg
of lead-containing bullet core, whereas
carcasses shot with non-expanding bullets
averaged only 19.8 mg of Pb. We detected
fragments with an average weight of 24.7
mg and contained an average ot 11.5 mg
of Pb. As suggested by Pauli and Buskirk
(2007), tragments < 25 mg are likely small
enough to be ingested and absorbed by
secondary consumers.

Even though we did not detect Pb
poisoning at TBNG, our results confirmed
that some carcasses of shot prairie dogs
contain Pb fragments and scavenging could
result in Pb poisoning. The occurrence of
Pb poisoning in TBNG is likely related
to prairie dog and raptor abundance,
availability of alternate food sources and
regulations on shooting.
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RELATING FisH ASSEMBLAGES TO ENVIRONMENTAL PATTERNS AT
THREE MULTI-SIATE SCALES

Robert M. Hughes, Alan T. Herhihy and Jean C. Sitheos, Deparunent of Fisheries and Wildlife,
Oregon State Unitversity, 200 SW 35th St., Corvallis, OR 97333, hughes.bob@cpa.gov

Key challenges to studying and managing riverscapes include understanding how factors
measured at various spatial-scales influence aquatic biota and developing accurate predictive
models where study data are limited. Cunently fish zones, physiographic regions, ecoregions,
and river basins are commonly used for classitying fish faunas. All these classifications re-
duce the appment vanability occurring at a large scale, but also include considerable hetero--
genelly, We analyzed a 780-site data set obtained from the U.S. Environmental Protection
Agency’s EMAP western smivey. First, we determined fish clusters at three spatial scales in
the western U.S ., t.e., all 12 conterminous states, all western mountains, Pcifaic Northwest
mountains. We next determined that the predictor variaples for those clusters changed with
spatial scale. For example, longitude, dams and temperature were the best predictors for all
sttes, longttude, dams and catchment area were the top predictors for mountain sites, and
lati<ude, tuibidity, aud canopy density ranked highest for Pcifaic Northweste mountains. The
bestthree variable models mcluded site, basin, and ecoregion predictor variap.es. However,
basin. ecoregion, state, aud apiotic site variables alone only accounted for half ot the mean
within-gioup sittarity demonstrated by the fish ciusters. We conclude that using large
quantitative fish assemb.age data sets unked with quantitative physicat and chemical nabitat
data and landscape data to predict fish assemblage patterns is preferable to using preexisting
landscape ciassifications.
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AN OUTBREAK OF VIRAL HEMORRHAGIC SEPTICEMIA IN THE GREAT
LAKES: MONTANA’S NEXT WHIRLING DISEASE?

Ken Staigmiller, Montana Fish Wildlife and Parks, 4801 Giant Springs Road, Great Falls, MT
594083, kstaigmiller@mt.gov

Viral Hemorrhagic Septicemia (VI1S) is an aquatic rhabdovirus that has the potential to
cause significant mortality in fish. It is believed to have originated in Europe where 1t affects
mostly freshwater fish in culture situations. It was first reported 1n the United States in 1988
and has since become enzootic in the Pacific Northwest in several marine species includ-ing
pacific herring and several salmon species. In 2005 a variant of the virus was discovered in
the Great Lakes Region and has been associated with significant mortality in a variety of
freshwater fish species. Although the origin of this Great Lakes genotype of VIS is unclear,
it has demonstrated the ability to cause severe mortality among a number of species unaf-
fected by previously isolated strains of the virus, including most game fish found in Montana.
Due to this unique characteristic, the outbreak in the Great Lakes generated an unprecedented
regulatory response fiom a variety of state and federal agencies. There is already in place
a national framework of regulations at various jurisdictional levels aimed at preventing the
spread of destructive pathogens and organisms; however, it is not a perfect system. It is
im-portant to remain active and informed at the local level so as to increase our protection
even more. Though it has not been found in Montana, this pathogen has significant
implications to fisheries managers in Montana. It is important to remain vigilant in our
oversight of potential transmission vectors to ensure that this pathogen does not find its way
into Montana waters.

NUISANCE ALGA DIDYMOSPHENIA GEMINATA: A THREAT To OuUr

FISHERIES
Lecah C.S. Elwell. Federation of Fly Fishers , 215 East Lewis St. Suite 305, Livingston, MT 59047,
conserve(@fedflytishers.org

Didvmosphenia geminata, a type of freshwater diatom alga. has recently been docu-
mented outside its historic northern circumboral range and has resulted in highly visible algal
blooms. Additionally, in locations with previous record of D. geminara in North America,
al-gal growth has increased in spatial coverage and temporal persistence. The changes in
growth habit may negatively impact fisheries and macroinvertebrates. Nuisance benthic
growth of D. geminata can extend for greater than | km, persist for several months of the
year, and cover up to 100 percent of substrate with thicknesses > 20 cm. Nuisance growth,
characterized by thick mats that cover the stream bed, consists primarily of
mucopolysaccaride stalks secreted by single cells of D. geminata. The thick mats are resistant
to degradation and may influence the ecological properties of the stream. e.g.. species
diversity, population sizes. nutrient pools, alter the invertebrate food base, and reduce
appropriate habitat and spawning sites for fish. The observed nuisance and invasive behavior
patterns of D. geminata have prompted studie to improve our understanding of and methods
to control this species. Research that examines the impact of algal blooms on species
composition and diversity 1s underway. Studies suggest that D. geminara may be transported
to new locations by recreational activities and equip-ment. With such limited information
available on the basic biology of this species and little understanding of its impacts on
fisheries, the best current defen ce against this alga 1s to limit its spread to new locations with
proper equipment cleaning technique. and etfective outreach education.
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FisH ASSEMBLAGES IN THE POwWDER AND TONGUE RIVERS IN
RELATION TO CoOALBED NATURAL GAS DEVELOPMENT

Windy N. Davis, Robert GG. Bramblett and Alexander V. Zale, Montana Cooperative Fishery
Research Unit, 301 Lewis Hall, Montana State University, Bozeman, MT 59717,
wdavis@montana.edu

The Powder River Basin in Wyoming and Montana is currently undergoing one of the
world’s largest coalbed natural gas (CBNG) developments. Potential exists for substantial ef-
fects on aquatic ecosystems because CBNG development involves production and disposal of
large quantities of coalbed ground water that differs from surface waters. We used four difter-
ent approaches to determine the effects of coalbed natural gas development on fish assemblag-
es in streams of the Powder River Basin in 2005 and 2006. First, we compared fish assem-
blages in streams with CBNG development and streams without development. Second, we
compared the longitudinal distribution patterns of fish assemblages at multiple points above
and below CBNG development. Third, we compared fish assemblages present in 2006 to fish
survey data from the mid 1990s in areas with and without CBNG development. Finally, we
compared growth and survival of native fish in streams with and without CBNG development.
Several fish metrics and an index of biotic integrity were used to compare fish assemblages in
relation to the status of development within a drainage area. Streams in drainages with CB G
development on average had lower species richness than those without development.

SPATIOTEMPORAL VARIATION IN PRAIRIE STREAM FISH ASSEMBLAGES

Jason A. Mullen, Robert G. Bramblett, Christopher S. Guy and Alexander V. Zale, Montana
Cooperative Fishery Research Unit, 301 Lewis Hall, Montana State University, Bozeman, MT
59717, jmullen@montana.edu

Fisheries biologists must be certain that their samples represent true parameters to make
sound management decisions. Thus, assessing the spatiotemporal variation of fish assemblag-
es in Montana prairie streams will allow for a better understanding of these ecosystems and
their management. We used stratified random sampling to select five tributaries of the Yel-
lowstone River that represent a gradient of stream sizes. To assess spatial variation, fish were
sampled at sites arrayed from the confluence to the headwaters of each stream during June and
July 2005 and 2006. To assess temporal variation, downstream, middle, and headwater sites,
1.e., drainage position, were sampled on each stream in spring 2005 and summer and fall 2005
and 2006. In general, species richness increased with increasing watershed size trom 16 to 26
species. Species richness varied spatially and decreased from downstream to upstream sites.
Speciesrichness in the smallest stream varied spatially from 12 to 0 (CV = 86.73) species:
likewise, species richness varied from 16 to 2 (CV = 41.63) in the largest stream. The down-
stream site of the largest stream exhibited the greatest temporal variation in species richness—
trom 16 to 9 species (CV = 1.03). Overall, species richness did not vary consistently among
seasons. Canonical correspondence analysis showed that drainage position and proportion of
fine substrate were significant in explaining the most variation in fish assemblage structure.
Given logistic and monetary constraints, we suggest that biologists design their surveys to
maximize spatial coverage to adequately characterize fish assemblages of prairie streams.
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ASSESSMENT OF POST-STOCKING DiSPERSAL OF AGE-1 PALLID

STURGEON: IMPLICATIONS FOR ACCLIMATION

Eric W. Oldenburg and Christopher S. Guy, Montana  Cooperative Fishery Research Unit, 301
Lewis Hall, Montana State University, Bozeman, MT 59717, ewota montana edu

Wilhiam M. Gardner, Montana Department of Fish. Wildlife and Parks, PO. Bo. 938, Lewistown,
MT 59457, fwplew(tein.net

A propagation program for pallid sturgeon (Scaphirhvnchus albus) in the upper Missouri
River was implemented by theUSDI Fish and Wildlife Service in 1997, However, evidence
suggests that many hatchery-reared pallid sturgeon are experiencing significant downstream
post-stocking dispersal, negatively aftfecting their recruitment. Therefore, the objective of this
study was to evaluate the eftects of acclimation to flow and site-specific water conditions on
post-stocking dispersal of age-1 pallid sturgeon. Fish from three acclimation treatments were
radio-tagged, released at two locations, and monitored using passive remote telemetry
stations. Treatment 1 fish were acclimated to flow and site specific water conditions in tanks
along the Marias River. Treatment 2 fish were acclimated to flow in tanks at the Bozeman Fish
Technology Center (BFTC), and Treatment 3 fish were reared with no acclimation at
the BFTC. In 2005 Treatment 2 experienced 100 percent mortality. Further, Treatment | fish
drifted less, experienced lower mortality, and nearly twice as many fish remained in suitable
pallid sturgeon habitat than Treatment 3 fish. In 2006, drift rates, mortality rates, and fish
remaining in suitable habitat were similar among treatments. In both years, all pallid sturgeon
drifted less in the lower reaches of the study area where more sand substrate 1s present. Fin
curl was present in nearly all individuals in 2005, and 28 percent of individuals in 2006. These
data suggest that acclimation can reduce post-stocking dispersal when fin curl is present.

PoruraTiON ViaBiLITY OF ARCTIC GRAYLING IN - THE GBBON
RIVER, YELLOWSTONE NATIONAL PARK
Amber C. Steed. Alexander V. Zale, Montana Cooperative Fishery Research Unit. 301 Lewis Hall,
Montana State University, Montana State University. Bozeman. MT 59717, asteed@ montana.edu
Todd M. Koel, Fisheries and Aquatic Sciences Section. Yellowstone Center for Resources.
P.O. Box 168, Yellowstone  National Park, WY 82190, todd kocl@nps.gov

Steven Kalinowski, Department of Ecology. 311-B Lewis Hall. Montana State University
Bozeman, MT 59717, skalinowski@ montana.cdu

Fluvial Arctic grayling (Thvmallus arcticus) are pre “ently restricted to < 5 percent of their
native range in the contiguous United States and are listed a. Category 3 under the Endan-
gered Species Act. Fluvial grayling are thought to be restricted to a segment of the Big Hole
River, Montana, in which declining abundances have been observed since 1998. Although
fluvial grayling of the Madison, lower Firehole. and lower Gibbon Rivers of Yellowstone Na-
tional Park were thought to be extirpated by 1935, anglers report catching grayling through-
out the Gibbon River annually. Our goal was to determine if a viable population of fluvial
grayling persists in the Gibbon River, or if fish caught in the river are downstream emigrants
from lacustrine populations in headwater lakes. In 2005 and 2006, sixteen and fourteen
grayling respectively, were sampled fiom the Gibbon River by electrofishing and fly-fishing.
In both years, fry-trapping yielded no grayling at sites on the Gibbon River below the farthest
upstream barrier to headwater lakes (Little Gibbon Falls). Sixteen grayling were caught on
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a weir established above Little Gibbon Falls in 2006. Genetic analyses will be performed in
2007 on grayling within and outside of the Gibbon River System. Few grayling adults and fry
inhabit the Gibbon River, implying that a reproducing fluvial population may not exist. Our
findings may affect the potential Endangered Species Act listing of fluvial grayling while pro-
viding valuable data for sound management within and outside of Yellowstone National Park.

LAKE TrRoOUT SUPPRESSION IN LAKE PEND OREILLE IDAHO —
WiLL IT WORk?

Ned J. Horner, Idaho Fish and Game, 2885 W. Kathleen Ave. Coeur d'Alene, ID. 83815,
nhorner@idfg.idaho.gov

Michael J. Hansen, University of Wisconsin, Stevens Point, 800 Reserve Street, Stevens
Point, W1 54481, mhansen@uwsp.edu

The lake trout population in Lake Pend Oreille, Idaho has been increasing exponen-
tially since about the mid 1990s threatening the collapse of the kokanee population and one
of the best adfluvial bull trout populations remaining in the Pacific Northwest. Traditional
sport angling has done little to curb lake trout population growth. Deep water trap nets were
used to estimate lake trout population abundance and evaluate harvest efficiency. Lake trout
abundance was estimated at 6400 fish > 52 cm in 2003 and 10,700 in 2005. The steep sides
and extreme depth of Lake Pend Oreille limited harvest efficiency by trap netting to about
12 percent. Based on recaptures in gill nets, the estimated population was 35,800 fish with
15,600 > 52 cm. An aggressive angler incentive program using $110,000 of Avista mitiga-
tion tunding was used to encourage harvest of rainbow and lake trout to reduce predation
on kokanee. A $10/fish bounty was more eftective at motivating anglers than rewards based
on PIT tags ($100-S2000), lottery tickets, or monthly cash drawings for every fish entered.
Anglers harvested 5800 rainbow trout and 10,800 lake trout between May and November. The
combined exploitation from netting and angling resulted in a total annual exploitation rate on
lake trout of 44 percent and total annual mortality rate of 60 percent. We conclude that lake
trout suppression can only be achieved through a combination of netting and angling. Next,
we will employ population models to estimate the number of years needed to collapse the lake
trout population in Lake Pend Oreille.

ARE ANGLERS ABLE To REDUCE LAKE TROUT ABUNDANCE IN
FLATHEAD LLAKE?

Barry Hansen, Confederated Salish and Kootenai Tribes, P.O. Box 278, Pablo, Montana 59855,
barryh@cskt.org

Flathead Lake’s native fish fauna have declined in large part from predation by intro-
duced lake trout (Salvelinus namaycush). The state and tribal co-managers completed a plan
in 2000 to reduce the lake trout population. The primary strategy to accomplish this goal
is recreational angling. We improved access and increased bag limits, number of lines. and
publicity, but have yet to substantially increase harvest > 40,000 fish. While catch rates are
high and increasing, anglers resist keeping large numbers of fish. We addressed this behavior
with fishing contests where participants receive lottery tickets for every fish they harvest.
The contests are growing rapidly, accounting for > 11,000 fish in 2006. Many have equated
the success of these contests with reduction of the lake trout population, but our data contra-
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dict this conclusion. We estimated the harvest needed to reduce the population so we could
better evaluate which tools were capable of achieving that harvest. We estimated that a total
harvest ot 60,000 lake trout would result in a mortality rate sufficient to cause the popula-

tion to decline. With increased angler incentives this harvest may be achievable 1n two years
However, the degree of compensation that the increased harvest will cause is unknown. We
have measured reductions in growth rates and increases in age at maturity of lake trout that in-
dicate a large compensatory reserve that must be overcome. While reaching the 60,000 target
by angling appears imminent, it is presently speculative whether the additional compensatory
recruitment can be removed by angling alone.

LAKE TROUT SUPPRESSION IN  YELLOWSTONE LAKE: THE REALITY
OF THis BATTLE FOrR CUTTHROAT TROUT PERSISTENCE

Todd M. Koel, Patricia E. Bigelow, Philip D. Docpke and Brian D. Ertel, Yellowstone Center for
Resources, Fisheries and Aquatic Sciences Section, P.O. Box 168, Yellowstone — ational Park,
Wyoming 82190, todd koel@nps.gov

Soon after the 1994 discovery of lake trout in Yellowstone Lake. Yellowstone National
Park initiated a gillnetting program aimed at suppression of the population. In 2001 our efforts
were enhanced by acquisition of a Great Lakes-style gillnetting boat and funding to support
additional staft. From 2001 to 2006 we set 105,000 net nights ot gillnet (100 m/night) and
removed 170,000 lake trout. Despite this effort, lake trout remain abundant. A new spawn-
ing site was discovered in 2006, and increasing numbers of smaller, immature lake trout have
been removed for the fifth year in a row. Suppression etforts are surely slowing the rate of
population growth. but whether or not the program will be able to suppress the lake trout
population to an equilibrium that allows cutthroat trout to co-exist is unknown. Recent results
are encouraging, in that larger, older lake trout continue to be caught with low frequency. and
the mean length of lake trout caught on spawning areas has declined each year (559 mm n
2001 as compared to 505 mm in 2006). Program etfectiveness is now being evaluated through
collaboration with scientists at Montana State University and  USGS Cooperative Fisheries
Research Units in Montana and Wyoming. Population models created during the next two
years, based on information collected over the past decade, will help to guide our program. As
lake trout will never be fully removed trom Yellowstone Lake, the development of new, ad-
vanced techniques for improving cfficiency of suppression etforts is needed for this program
to continue long term.

LAKE TROUT IN THE LAKES OF GLACIER  NATIONAL PARK,
MONTANA

Michael H. Mecuwig and Christopher S. Guy. Montana Coopcrative Fishery Research Unit, 301
Lewis Hall, Montana State University, Bozeman, MT 59717-3460

Wade A. Fredenberg, USDI Fish and Wildlife Service. Creston Fish and Wildlife Center,
780 Creston Hatchery Road, Kalispell. MT 59901, Wade_Fredenberg@ fws.gov

Glacier National Park, Montana, contains a significant portion of natural lake habitat
available to adfluvial populations of bull trout (Salvelinus confluentus) throughout the United
States. Because of the complex landscape in Glacier National Park some bull trout populations
are relatively isolated; however, other populations are less isolated and susceptible to

< Intermountain Journal of Sciences, Vol. 13, No. 4 2007 129



deleterious ettects of invasion by nonnative species. Of particular concern is the invasion by
nonnative lake trout (Sulvelinus namaycush), which was introduced into the Flathead drainage
in the early 1900s. Past reseaich has shown that invasion by lake trout may result in signifi-
cant declines 1 bull trout populations. However, little effort has been made to manage the
mvaston 1n lakes within Glacier National Park. Using historical and contemporary data we
examined the etfect of lake trout invasion on bull trout populations in the four largest lakes in
Glacier National Park west of the Continental Divide; Bowman Lake, Kintla Lake, Lake Mc-
Donald, and Logging Lake. Dramatic declines in bull trout numbers were observed over the
last 36 years, these declines were associated with an increase in the numbers of lake trout. In
2005, relative abundance (inean catch/unit ettort) of lake trout was 2.85 to 4.06 times higher
than that of bull trout among lakes. These data suggested that further invasion by lake trout in
this system may have a negative ettect on native bull trout populations under a management
strategy of “no action.”

Lake Trour Porurarien ConrroL IN LAKE PEND OREILLE,
InaHO: REVERSING LESSONS FrRoM THE GREAT LAKES

Michael J. Hansen, University of Wisconsin — Stevens Point, College of Natural Resources, 800
Reserve Stieet, Stevens Point, Wisconsin 54481, mhansen@uwsp.cdu

Ned J. Home:, Idaho Department of Fish and Game, 2885 West Kathleen Avenue, Coeur d’Alene,
Idaho 83815, nhorner@idty.idaho.gov

I'he lake trout (Salvelinus namaycush) is widely distributed throughout the northern half
of Noith America, but is generally thought to be susceptible to recruitment over-fishing be-
cause of 1ts long: lived, late-matwiing lite history. For example, in the Laurentian Great Lakes,
the World’s largest lake trout populations were nearly extirpated by excessive fishery exploita-
tion and predation by non-native sea lampreys. Experience in the Great Lakes shows that lake
trout stocks have been exceedingly slow to recover, largely because fishery exploitation has
been excessive. Lake trout stocks have recovered only in Lake Superior and isolated areas
of Luke Huron, whereas populations ate sustained by hatchery production elsewhere in the
basin. Theietfore, lake trout populations in western akes, where the species was introduced in
the early 1900s, but 1s now negatively impacting native species such as bull trout (Salvelinus
confluentus), should be relatively easy to control through intentional programs of excessive
fishery exploitation. Why then has lake trout population control been elusive in most western
lakes? We suspect that fishery exploitation has not been high enough to drive lake trout popu-
lations into collapse 11 most western lakes. [n contrast, population modeling suggests that
exploitation ou the lake trout population in Lake Pend Oreille, Idaho, duning 2005-2006 will
cause the population to collapse, it maintawmed for at least several years. [f successrul, the lake
tiout population control mogram on Lake Pend Oreilie wiil provide fishery managers through-
out the West with a formula for simi.ar programs isewhere.
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SimrLE PoruLAaTiON MODELS: WHAT CAN  THEY TeLL US
ABOUTLAKE TROUT SUPPRESSION?

Lisa Eby and John Syslo, Division of Biological Sciences, 32 Campus Drive, niversity of
Montana, Missoula, Montana 59812, lisa.cby@umontana.edu

Simple population model projections and elasticity analyses have been used in evaluating
and prioritizing techniques tor population conservation. These types of analyses have been
particularly effective in comparing the relative impact of ditterent conservation efforts. These
same techniques can help us compare potential lake trout population suppression eftforts. We
built an age-based matrix model for a lake trout population and parameterized it with both un-
published data of lake trout in Flathead Lake and other published demographic studies of lake
trout. We then examined multiple model simulations to begin to evaluate potential suppression
scenarios for a newly established lake trout population. Overall lake trout adult sur ival had
high elasticity values, implying that a proportional change in demographic rates of this life
stage would produce a relatively large impact on population growth rates. Eradication often
requires decreased survival of multiple life stages. Techniques that reduce egg survival in
addition to decreased adult survival can influence population numbers substantially. Scenarios
with adult and egg survival reduced (75 and 50%, respectively). population sizes decreased by
one-half after 15 years over reducing adult survival alone. This benefit of increased egg mor-
tality 1s dependent upon the role of density-dependence in early life history stages. Finally, we
examined scenarios associated with delaying suppression a decade as the population continues
to increase. As expected, to either maintain the lake trout population at a set reduced level or
eradicate the population, delaying suppression etforts results in either more or a longer effort
required to achieve a similar end point.

ANALYZING TRADEOFFS BETWEEN THE THREAT OF INvASION By
NONNATIVE TrROUT AND EFFECTS OF INTENTIONAL ISOLATION FOR
NATIVE WESTSLOPE CUTTHROAT TROUT USING A BAYESIAN BELIEF
NETWORK

Douglas P. Peterson, USDI Fish and Wildlife Service, 585 Shepard Way, Helena, MT 59601,
doug_peterson(w fws.gov

Bruce E. Rieman and Michael K. Young, USDA Forest Service. Rocky Mountain Research Station,
322 L. Front St, Suite 401, Boise, ID 83702, bricman(@fs.tfed.us

Jason B. Dunham, US Geological Survey, FRESC Corvallis Research Group, 3200 SW
Jefferson Way, Corvallis, OR.750.7397, jdunham(wusgs.gov

Kurt D. Fausch, Department ot Fish. Wildlife, and Conservation Biology, Colorado State
University. Fort Collins, CO 80521-1474. kurtf@warnercenr.colostate.cdu

Conservation of inland cutthroat trout can involve either the placement or removal of mi-
yration barriers to address threats from invading species and habitat fragmentation, respective-
y. Such efforts may proceed without a formal mechanism for considering potential tradeoffs
from addressing these competing threats. A consistent decision process would include an
analysis of when and where intentional i1solation or removal of barriers 1s most appropriate, and
we explored the application of a Bayesian belief network (BB. ") as a tool for such analyses. We
focused on westslope cutthroat trout (Oncorhynchus clurkii lewisr) and nonnative brook trout
(Salvelinus fontinalis), and current understanding of environmental factors influencing both
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species, their potential interactions, and the effects of isolation on the persistence of individual
cutthroat trout populations. Analysis indicated the tradeott between isolation and invasion
was strongly influenced by the size of the stieam network (or cutthroat trout population)

to be 1solated and existing demographic linkages within and among cutthroat trout popula-
tions. Intentional 1solation was predicted to benefit demographically isolated cutthroat trout
populations facing certain invasion by brook trout. The relative benefits of isolation depended
strongly on the size and quahty of 1solated habitat. Intentional isolation generally reduced the
probability ot persistence for migratory populations regardless of invasion threat. The BBN
does not provide a decision; rather it allows a biologist or manager to explore management
options within streams and prioritize conservation actions among streams with a transparent
and consistent logic. It can also facilitate discussion that encourages clarification of conserva-
tion values, management goals, and biological uncertainties.

FisH BARRIER DESIGN IN NORTHCENTRAL MONTANA

David C. Moser, Montana Fish, Wildlifc and Paiks, 4600 Giant Springs Road, Great Falls MT
59405, dmoser@fs.fed.us

Genetically unaltered westslope cutthroat trout (Oncorhynchus clarkii lewisi) in north
central Montana (Missouri River Drainage) currently occupy less than 3% of their historical
habitat. Declines in westslope cutthroat trout abundance and range in north central Mon-
tana are primartly attributable to hybridization with introduced rainbow trout Oncorhynchus
mykiss and competition with introduced brook trout (Salvelinus fontinalis). In many in-
stances protection and short tenn restoration of extant stocks of westslope cutthroat requires
unmediate suppression of brook trout and construction of fish barriers. Barrier construction
has been a process of adapting various designs, which either use height or current velocity to
block fish, to stte conditions. Construction methods have included blasting and chipping out
native bedrock, pouring concrete, anchoring of native materials, use of gabions, and instal-
latton of perched culveits. Design and funding considerations will be discussed along with
advantages and difficulties associated with each barrier method. Responses of westslope cut-
thivat populations to blockage and removal of non-native brook trout using electrofishing has
been uniformly pusitive and in some cases dramatic.

Errecrs OrF Roap CuLvertrs ON EASTERN MONTANA PRAIRIE FisH
ASSEMBLAGES
Leo R. Rosentia. and Thomas McManon, Depaiiment of Ecology, Fisn and Widlife Program,

Montana State University, Bozeman, MT 59717, lrosenthal@montana.edu

Joel Canoon, Deparunent of Civi, Engineering, Montana State Universiry, Bozeman, MT 597 .7,
Jocle@ee nontaaa.edu

Rooert Bramoler, Montana Cooperative Fisnery Rescarcn Unit, 300 Lewis Ha 1, Montaia State
Un vers ty, Bozeman, MT 59717, bbr wn@montana.cdu

Mant B ank , Western Ttansportation st ute, Montana State Un versity, P.O Box 174250,
Bozeiman, MT 59715, no ank@coe. mon:ana.2du

Road culverts can restrict passage ot fish migrating between seasona. haoitats. The
development ot new roads, as wel. as the repair and apgrade of existing roads, nas led 10
researchaddressing the eftects culverts nave on fisn popuiavons. The najority of this
researcn nas
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tocused on salmonid species, and the effect ot culverts on movements of small-bodied, weak
swimming species is largely unknown. Fish passage within a species-rich assemblage of prai-
rie fishes was examined in two tributaries of the lower Yellowstone River having a variety of
culvert types. Passage restriction at culverts was determined using a combination of existing
fish passage models, mark-recapture experiments, and patterns of longitudinal fish distribution
above and below culverts. Fish movement was not significantly ditterent through culvert ver-
sus natural reaches for most species (£ > 0.05). Additionally, few differences were observed
in relative abundance and species richness above and below culvert crossings. A survey of
culverts throughout much of eastern Montana showed that the conditions observed in study
culverts were typical of many low-gradient, prairie streams. Many culverts had small outlet
drops, low gradients, contained natural substrate, and low water velocities similar to those of
natural reaches. Our results suggest that in these conditions, culverts may allow for adequate
passage of most prairie species. However, more research is needed to determine what thresh-
olds in these variables negatively influence passage of prairie fishes.

USE OF PiTt TAG-DETECTING ANTENNAS T0O ASSESS CULVERT
PASSAGE OF YELLOWSTONE CUTTHROAT TrROUT AND
RAINBOW TROUT IN MULHERIN CREEK, A TRBUTARY

OFr THE YELLOWSTONE RIVER

Andrew Solcz and Thomas E. McMahon, Department of Ecology, Montana State University,
Bozeman, Montana 59717, asolcz@montana.edu

Joel Cahoon, Departiment of Civil Engineering, Montana State University. Bozeman MT 59717,
joelc@ce.montana.cdu

Robert Gresswell, USGS Northern Rocky Mountain Science Center, Bozeman, Montana 59717,
bgresswell@usgs.gov

Road crossing culverts create passage barriers during fish migration and, as a result,
there are various tools for predicting passage success. Most tools have not been field-tested
and give a “yes” or “no” answer to passage success. However, an estimate of the probability
of passage could be more useful given that success is contingent on dynamic interactions of’
fish size, discharge, water temperature, and hydraulic conditions. We utilized half-duplex
PIT (passive integrated transponder) tags to assess the probability of passage of Yellowstone
cutthroat trout and rainbow trout in relation to biotic and abiotic factors among three different
culvert types on a spawning tributary to the Yellowstone River. Velocities were significantly
different between smooth box, baffled box and smooth circular culverts but did not differ
significantly between a natural stream reach and one baffled box culvert. There was a positive
linear relationship between number of attempts and velocity and a negative linear relationship
between number of attempts and drop height, most likely due to culverts with lower velocity
having larger drop heights. Time required for passage was inversely related to water velocity.
Culverts where velocities were most similar to natural reaches allowed fish to pass multiple
times in both directions and some remained in the culvert for up to 22 hr. These results show
that culverts that simulate natural conditions are most efficient for allowing fish passage and
that PIT tags are an efficient method for determining not only probability of passage success
but also can provide measures of passage difficulty.
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FisH PASSAGE PLANNING AND DEVELOPMENT FOR BuLL TrouT AT
THomPSON FALLS DaM, MONTANA

Ginger G. Gillin, GEI Consultants, Inc., 127 East Front Street, Suite 216, Missoula, MT 59802,
ggillin@gciconsultants,com

L. Brent Mabbott , PPL Montana, 45 Basin Creek Road , Butte, MT 59701,
Ibmabbott@pplweb.com

PPL Montana is the owner of the Thompson Falls Dam (Project), built in 1917 on the
Clark Fork River near Thompson Falls, Montana. The listing ot the bull trout as a threatened
species under the Endangered Species Act prompted the preparation of a biological assess-
ment (BA) to assess the impacts that the Project may be having on bull trout (Sa/velinus con-
fluentus). and to make recommendations about possible conservation measures to reduce those
impacts. That BA concluded that the Project might adversely aftect bull trout, in large mea-
sure due to a lack of upstream fish passage. An Interagency Technical Advisory Committee
was established to help guide PPL Montana in their efforts to conserve bull trout by providing
upstream passage. Proper location of a fish collection facility is critical to the success of an et-
fective fish passage solution. In order to find the most effective location for the fishway, trout
were radio tagged, and stationary receivers were positioned at key locations to continuously
monitor fish movements. Results indicated that trout migrate upstream to the main dam, the
upstream most location in the tailrace, during the early spring. Theretore, the main dam was
selected as the fishway site. An alternatives analysis assessed three potential fishway configu-
rations at that site. The Interagency Technical Advisory Committee recommended the right
bank full height ladder alternative, and PPL Montana concurred. This fishway is currently
being designed, and will include fish sampling facilities that will allow maximum operational
flexibility for fisheries managers.

EXPECTED CHANGES To THE DISTRIBUTION, ABUNDANCE AND LIFE
History EXPRESSION OF FisHES FoLLOWING THE REMovaL OF A
MONTANA HYDROELECTRIC DAM

David A. Schmetterling. Montana Fish, Wildlife and Parks, 3201 Spurgin Road,
Missoula, MT 59804, dschmetterling@mt.gov

Milltown Dam has fragmented the Clark Fork watershed sincel 907. Historically, fish
used large, connected, ecologically and geographically distinct habitats spanning hundreds of
kilometers to express difterent stages of their life histories. The dam as not allowed upstream
fish passage, has limited downstream fish movements and created a reservoir that has fostered
a population of exotic northern pike. Recent studies show the dam’s continued aftect on an
enormous geographic scale. Milltown Dam annually impedes migrations of tens of thousands
of fish, and data suggest that fish that migrate to the dam do not spawn once their migration
is impeded. Native migratory fishes like westslope cutthroat trout and bull trout have been
especially affected by the dam but their annual presence at the dam suggests the potential to
reestablish fluvial life history forms and enhance local or up-river populations. Milltown Dam
will be removed in the next few years and the watershed will once again regain connectivity.
Biotic changes from dam removal will range from drastic local changes in species composi-
tion, fish densities, and unimpeded fish passage. However, on most scales, the changes will be
subtle and offer populations more resilience and better expression of lite history tactics.
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RESTORATION PLAN FOR THE CLARK FORK RIVER AND BLACKFOOT
RiIVER NEAR MiLLTOW DaAM

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

In 2005, a consent decree set torth the terms and conditions for the removal of Milltown
Dam near Bonner, Montana. Constructed in 1907 at the confluence of the Blackfoot and Clark
Fork rivers, Milltown Dam is a fish passage barrier and impounds~6.6 million cubic yards of
contaminated sediments transported to Milltown Reservoir from upstream historical mining in
Butte and Anaconda. The State of Montana, in consultation with the Confederated Salish and
Kootenai Tribes and the USDI Fish and Wildlife Service, are developing a plan that will
restore the Clark Fork and Blackfoot rivers to naturally functioning, free-flowing fluvial
sys-tems. Project goals include 1) maintaining water quality, 2) accommodating sediment
trans-port and channel dynamics, 3) providing habitat for native fishes and other trout, 4)
creating tunctional wetlands and riparian communities, 5) enhancing visual and aesthetic
values, and 6) providing safe recreational opportunities compatible with other restoration
goals. Desin approaches are process and form based and include stream classification,
regional hydraulic geometry relationships, regime and tractive force equations, and one and
two-dimensional flow and sediment transport computations. These approaches are being used
to meet both eco-logical and stability objectives. Preliminary results indicate that the most
probable state of the rivers is a slightly entrenched. meandering, gravel-dominated. riffle-pool
channel transitioning to a moderately entrenched channel near the confluence with the
Blackfoot River. Following restoration activities, fish passage will be restored resulting in the
full expression offl uvial life histories for species that include bull trout, westslope cutthroat
trout, and large-scale suckers.

INFLUENCE OF MIGRATORY BARRIERS ON GENETIC DIVERSITY
AND SimiLarITY AMONG BuLL TrouTt PoruLATIONS IN GLACIER

NATIONAL PARK, MONTANA
Michael H. Mecuwig and Christopher S. Guy, Montana Cooperative Fishery Rescarch Umit, 301
Lewis Hall, Montana State University, Bozeman, MT 59717, mimceuwig@ montana.cdu

Wadc A. Fredenberg, USDI Fish and Wildlife Service, Creston Fish and Wildlifc Center,
780 Creston Hatchery Road, Kalispell, MT 59901, Wade_Fredenbergf fws.gov

Steven T. Kalinowski, Department of Ecology, 311-B Lewis Hall, Montana State University,
Bozeman, MT 59717, skalinowski@montana.edu

Adfluvial populations of bull trout (Sa/velinus confluentus) in Glacier National Park.,
Montana, occupy a complex landscape of interconnected and fragmented lake habitat. Natural
barriers, e.g., waterfalls, may limit migration among available habitat and result in fragmentation

and isolation of some populations. Polymorphic microsatellite loci were used to examine
patterns of genetic diversity and similarity among populations of bull trout in Glacier . 'ational
Park and to examine differences between populations isolated by migratory barriers and those
occupying more interconnected habitat. One hundred ninety-six bull trout, comprising 16
populations, were genotyped at 10 microsatellite loci. Five populations were isolated by
migra-tory barriers, i.e., waterfalls with a vertical drop > 1.8 m. Expected heterozygosity
(averaged across loci) varied from 0.18 to 0.73 among populations and was lower on average for
popula-tions isolated by barriers (0.27 £ 0.09) compared to those not 1solated (0.61 £ 0.08).
Allelic
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diversity (averaged across loci and adjusted for sample size) varied from 1.47 to 3.45 among
populations and was lower on average for populations isolated by barriers (4.53) compared to
those not isolated (6.46) based on a hierarchical classification. Pairwise Fst values varied from
0.00 to 0.69 with larger values representative of comparisons between populations isolated

by barriers. These data indicated that natural barriers have influenced genetic diversity and
similarity among bull trout populations in Glacier National Park.

Bi1G CoUuLEE: AN ATTEMPT TO THWART EXTINCTION

Stan Vansickle and Michael Enk, USDA Forest Service, Lewis and Clark National Forest,
P.O. Box 869, Great Falls, Montana 59403, svansickle@fs.fed.us

Westslope cutthroat trout (WCT, Oncorhiynchus clarkii lewisi), in Big Coulee Creek were
first surveyed in 1995 after the USDA Forest Service received information from Montana Fish
Wildlife and Parks. Other headwater tributaries of Highwood Creek were later inventoried and
it was determined that the WCT in Big Coulee were the last extant population in the drainage.
Information concerning Big Coulee showed that if action was not taken quickly, this small
remnant population of native fish would likely become extinct. To prevent their loss, fishery
managers faced many challenges: competition/predation by brook trout, habitat degradation,
and illegal angler harvest. Habitat improvement and fishery projects have been implemented
to protect these aboriginal westslope cutthroat. At the end of the 2006 field season, brook trout
had almost been eradicated and a fish migration barrier was successtully stopping immigra-
tion of non-native fish. The WCT population is now rebounding with dramatic increases in
juveniles and adults. Due to collaborative efforts of the USDA Forest Service, Montana Fish,
Wildlife and Parks, and a number of volunteers there are still WCT in the Highwood Basin.

BARRIER ASSESSMENT OF THE CHADBOURNE DIVERSION DaM ON
THE SHIELDS RIVER

Matt Blank, Western Transportation Institute, Montana State University, P.O. Box 174250,
Bozeman, MT 59717, mblank(@coe.montana.edu

Mike Cox and Drake Burford, OASIS Environmental, P.O. Box 582, Livingston, MT 59047,
mike.cox(@oasisenviro.com

The Shields River supports widely distributed populations of Yellowstone cutthroat trout
(Oncorhynchus clarkii bouvieri) that show little to no evidence of introgression with rainbow
trout (O. mykiss) or westslope cutthroat trout (O. ¢. lewis i). The Chadbourne diversion dam,
approximately 12.5 river miles upstream ot the confluence with the Yellowstone River, is
suspected to be a partial barrier to upstream passage of large trout. We performed a fish pas-
sage assessment of the diversion using a combination of hydraulic modeling under a range of
flows combined with fish swimming and leaping abilities of Yellowstone cutthroat. rainbow,
brown (Salmo trutta) and brook trout (Salvelinus fontinalis) to characterize its barrier status.
We analyzed three potential passage scenarios: (1) the development of a side-channel that
bypasses the diversion at high flows, (2) the potential for trout to leap over the structure, and
(3) the potential for trout to pass through a keyhole or notch in the structure. Results indicate
that a side-channel may form at flows exceeding the 2-year recurrence interval (RI) when the
diversion is operating with wooden planks in place and a 10-yr RI when the diversion is oper-
ating without wooden planks in place. The analysis also indicated that the leap heights are too
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great for all operating scenarios and flows. However, the analy is indicated that large trout of
all four species might pass the structure by swimming up the key hole or notch at some flows.

FiISH LosseS To IRRIGATION DiversioNs ON  Two TrisutarieS Or
THE BITTERROOT RIVER, MONTANA

Leslie Bahn and Alexander V. Zale, Montana Cooperative Fishery Research  Unit, 301 Lewis Hall,
Montana State University, Bozeman, MT 59717, Ibahn(@ montana.edu

Christopher G. Clancy, Montana Fish, Wildlife, and Parks, 316 North 3rd Sueet,
Hamilton, MT 59840, cclancy(efs.ted.us

Mark Lere, Montana Fish, Wildlife, and Parks, PO Box 200701, Helena, MT 59620, mlere@@ mt.gov

Withdrawals of surface water for irrigation and stock water leave the mainstem of the
Bitterroot River and its tributaries chronically dewatered during the irrigation season. These
water withdrawals aftect local trout populations by entraining migratory trout in irrigation di-
version canals at multiple life stages, and through the loss and degradation of available habitat
for aquatic species. Irrigation losses may be responsible in part for the low abundances and
restricted distributions of migratory native westslope cutthroat trout (Oncoriynchus clarkir)
lewisi and bull trout (Salvelinus confluentus) in this system. Information about entrainment
rates of fish into irrigation diversion canals and the factors that influence these rates is limited.
Our goals were to quantify entrainment of fish into seven irrigation diversions on Lost Horse
Creek and five irrigation diversions on Tin Cup Creek, two tributaries of the Bitterroot River,
and to identify characteristics of these diversions that correlate with rates of entrainment. We
sampled fish species by snorkeling, electrofishing, fry trapping, and reconnaissance at the end
of the irrigation season at 60 sites in 2005 and 54 sites in 2006. In August, the period of peak
abundances of entrained fish, we estimated 5525 fish in 2005 and 3372 fi“h in 2006 to be pres-
ent in Lost Horse Creek diversions. We estimated 1904 fish in 2005 and 1158 fish in 2006 to
be present in Tin Cup Creek diversions in August. The highest entrainment of fish occurred in
canals diverting the greatest amounts of water.

Erricacy OF FisH SCREENS AT PREVENTING ENTRAINMENT OF
WESTSLOPE CUTTHROAT TROUT JUVENILES IN THREE IRRIGATION
CANALS OF SKALKAHO CREEK, MONTANA

Ryan A. Hamish and Alexander V. Zale, Montana Cooperative Fishery Research Unit, 301 Lewis
Hall, Montana State University, Bczeman. MT 59717, rharnish@ montana.edu

Christopher G. Clancy, Montana Fish, Wildlife, and Parks. 1801  N. Ist St, Hamilton, MT
59840, cclancy(@ fs.fed.us

Fish screens have been installed to prevent fish los in many irrigation canals of the
western U.S., costing millions of dollars annually. However, few studies have attempted
to evaluate the effectiveness of fish screens. Our goal was to determine the efficacy of fish
screens installed in three of seven nrigation canals on Skalkaho Creek, a tributary of the
Bitterroot River. Fish screen efficacy was quantified using half-duplex PIT tags and PIT
tag-detecting antennae located in the headgate opening(s). around the bypass pipes. and in the
canal downstream tfrom the fish screens. Throughout the irrigation eason, juvenile westslope
cutthroat trout (Oncorhynchus clarkii lewisi) were captured, PIT-tagged. and introduced into
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each screened canal between the headgates and the fish screen. Fish screens in the Highline,
Ward, and Hughes canals prevented entrainment of 97.5 percent (116 of 119),96.7 percent
(116 of 120), and 74.2 percent (72 of 97) of the PIT-tagged ftish introduced into the canals,
respectively. Whereas none of the PIT-tagged fish became entrained beyond the screens, 9.5
percent (32 of 336) remained in the canals upon headgate closure. Seventy-percent (21 of 30)
of the PIT-tagged fish introduced into the Hughes Canal two weeks prior to headgate closure
remained in the canal because no water was being bypassed and the headgates were not open
enough to provide an easy upstream exit. If not rescued, fish remaining in the canal upon
headgate closure would have perished. Fish screens are an eftective management tool for re-
ducing irrigation canal entrainment but their effectiveness varies among specific
installations.

SEASONAL AND SPAWNING MOVEMENTS OF GENETICALLY PURE AND
HyBRIDIZED WESTSLOPE CUTTHROAT TROUT IN THE FAN CREEK
DRAINAGE, YELLOWSTONE NATIONAL PARK

Carrie Brooke, Montana Cooperative Fisheries Research Unit, 301 Lewis Hall, Montana State
University. Bozeman, MT 59717, cebrooke@montana.edu

Once the dominant salmonid of the Gallatin River, westslope cutthroat trout (Onco-
rhynchus clarkii lewisi) have been reduced to four isolated headwater populations in this
river drainage. We used radio telemetry to investigate the seasonal movement of westslope
cutthroat trout and hybrids in the Fan Creek drainage, focusing on the North Fork. Fish were
tracked for an average of 60 days throughout the summer of 2001 and an average of 262 days
throughout the end of 2001 and 2002. Westslope cutthroat trout moved an average of 2143 m
in the summer of 2001 and an average of 2990 meters throughout the study period of 2001-
2002. The majority of movement for 2001-2002 occurred in the spring and summer months,
whereas sedentary behavior was observed in the fall and winter months. R1/R4 inventory data
was collected tor the North Fork of Fan Creek and personal observation was used for the main
stem. Westslope cutthroat trout were relocated in areas of increased instream habitat complex-
ity and a high percentage of cover in the North Fork of Fan Creek. There was no discernable
difference found in habitats where fish were relocated and where fish were not located in the
North Fork of Fan Creek. In the mainstem, westslope cutthroat trout were relocated in areas
where deep bends provided undercut banks and areas with root wads. In summation, fish
moved throughout the Fan Creek drainage throughout the study. Adequate habitat appeared to
be provided for fish to remain in the North Fork for all seasons.

MOVEMENT OF ANGLERS AND SEDIMENT TRANSPORT: IMPLICATIONS
ForR MOVING AQUATIC NUISANCE SPECIES

Kiza K. Gates, Christopher S. Guy, and Alexander V. Zale, Montana Cooperative Fishery Research
Unit, 301 Lewis Hall, Montana State University, Bozeman, MT 59717, kgates@montana.cdu

Travis B. Horton. Montana Fish, Wildlite and Parks. 1420 East 6th Ave., Helena, MT 59620,
thorton@mt.gov

Movement of anglers among rivers presents a potential pathway for the spread of whirl-

ing disease and other aquatic nuisance species (ANS). The objective of this study was to
quantify the movement of anglers in southwestern Montana and the quantity ot sediment they
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carry on angling equipment. Angler were surveyed at randomly selected high use fishing
access sites on six rivers in southwestern Montana. Survey questions focused on location. of
angling trips in the past 30 days, planned fishing trips for the next 7 days, equipment cleaning
practices, and aquatic nuisance species awareness. In addition to the questionnaire, ediment
samples were collected from boots and waders with a pressure sprayer. Mean distance tray -
eled by Montana residents from their home to the survey site was 115 km and 1738 km for
non-residents. The median number of fishing access sites used during the previous 30 days
by resident and non-resident anglers was three.  Non-residents fished in more states in the
previous 30 days than residents and traveled further distances to fish in the previous 30 days
than residents. Mean quantity of sediment carried on one boot-wader leg was 8.39 g (+ 1.5,
95% C1). Combining angler movement data, sediment quantity carried, and fishing license
data, anglers in southwestern Montana are potentially moving thousands of kg of soil among
fishing access sites every year making transport of ANS highly likely. Control of future ANS
infestations will be difficult unless sediment transport is addressed.

Errects OF WATER TEMPERATURE AND ANGLING ON  MORIALITY
OF SALMONIDS IN  MONTANA STREAMS

James W. Boyd and Christopher S. Guy, Montana Cooperative Fishery Research  nit,
301 Lewis Hall. Montana State University, Bozeman, Montana 59717, boydf« montana.edu

Travis B. Horton, Montana Fish, Wildlife and Parks, 1420 East Sixth Ave., Helena, MT 59620,
thorton@montana.gov

Stephen A. Leathe, PPL Montana , 45 Basin Creek Road , Butte, MT 59701

Effects of catch-and-release angling on salmonid mortality during periods of elevated (>
20 °C) water temperatures are largely unknown. In addition, few field studies have quantified
salmonid mortality associated with angling during varying times of diel temperature cycles.
Thus, our objectives were to quantify post-release salmonid mortality during elevated summer
water temperatures and cooler fall water temperatures, and quantify mortality from morning
and evening angling events. Angling occurred on the Gallatin and Smith rivers. Anglers were
allowed to use only fly-fishing gear and techniques, without any other restrictions. Angled
fish were transported from the anglers to in-situ holding cages and monitored for 72 hr. Mean
rainbow trout (Oncorhynchus mykiss) mortality during summer varied from 7 percent in the
Gallatin River to 9 percent in the Smith River, whereas brown trout (Salmo trutta) mortal-
ity varied from 0 percent in the Gallatin River to 8 percent in the Smith River. Mountain
whitefish (Prosopium williamsoni) mortality varied from 2 percent in the Gallatin River to 21
percent in the Smith River. o mortalities for any species occurred in either river during fall
sampling. Rainbow trout (» = 125) and mountain whitefish (7 = 114) mortality in the Smith
River differed significantly between summer and fall angling events. Different diel water
tem-perature cycles between rivers likely contributed to this difference.  No significant
differences were detected between morning and evening angling events during the summer in
either river. Currently, it appears that mortality associated with catch and release angling
during elevated water temperatures (> 20 °C) is relatively low for rainbow trout and brown
trout.
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ENVIRONMENTAL CONDITIONS AFFECTING THE Toxicirty OF
PiISCICIDES

Peter J. Brown and Al V. Zale, Montana Cooperative Fishery Research Unit, 301 Lewis Hall,
Montana State University, Bozeman, MT 59717, pbrown@montana.cdu

The piscicides rotenone and antimycin are important tools in fisheries conservation but
their application is inetficient and not always eftective. We examined the persistence of
both piscicides in the laboratory and field to determine the causes of their detoxification. The
effects ot sunlight and turbulence were isolated in the laboratory and studied using 96-hr tox-
icity tests. Sunlightrapidly detoxified both rotenone and antimycin. Turbulence affected an-
timycin more than rotenone. The interactive etfects of combined stream characteristics were
measured in streams using a single drip station and sentinel fish at 100-m intervals. Stream
characteristics were measured along the entire reach that detoxified rotenone. Environmental
characteristics most abundant in the stream section that detoxified rotenone were identified us-
ing logistic regression. The abundance of substrates >150-mm diameter, total dissolved solids,
and oxidation reduction potential were significantly related to the persistence of rotenone in
streams. The predictive ability of models was good using reclassification procedures. How-
ever, the predictive ability of the models will need to be tested in streams before they can be
used in future piscicide applications. This information will make piscicide use more efficient
and etfective by reducing the uncertainty associated with its application.

CoLLEcTION OF SAMPLES To DETECT HYBRIDIZATION: ONE OF
THESE THINGS MAY NoT BE LIKE THE OTHER

Matthew P. Corsi and Paul Spruell, Bivision of Biological Sciences, 32 Campus Drive # 4824,
University of Montana, Missoula MT, 59812. matt.corsi@umontana.edu

Craig Barfoot, Confederated Salish and Kootenai Tribes, 301 Main Street, Polson, Montana 59860

Hybridization is an important factor to consider for the conservation ot many native
stream fishes. Fisheries biologists often collect samples to test for hybridization where there is
ready access to stream habitats or in spatially limited stream reaches. Because stream salmo-
nids are highly mobile animals and rapidly re-assort into mixed stock assemblages, it is often
difficult to interpret the meaning of results obtained for hybridization assays at the population
level. We have assayed 35 samples (17 = 14-35 fish) at five codominant diagnostic microsatel-
lite loci to determine the geographic distribution of hybrids in the Jocko River Basin. Samples
were collected in 100-m sections with a backpack electrofisher. We detected hybridized
individuals at only 3 of 16 sites in the South Fork Jocko River in preliminary analysis. One of
those sites was non-adjacent to the other two indicating the distribution of hybrid fish in that
system is variable. To design a robust sampling strategy to determine the hybridization status
of a population, we assessed the spatial variability of samples in 47 stream km of the upper
Jocko River drainage.
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TrACKI G FrLuviaL C TTHROAT TRO T MOVEME 1T WiTH STABL
ISOTOPE MARKER | A STREAM ETWORK

Adam Scpulveda and Winsor Lowe, Division of Biological SClcnccs, 32 Campus Dnive #
4824 University of Montana, Missoula, MT 59812, adam.sepulveda‘a mso.umt.cdu

Warren Colyer, Trout Unlimited, 249 South 100th W., Providence, UT 84332, weolyer(@

tu.org

Movement between environments is a common phenomenon across taxa because it
allows individuals to match their phenotype to the biotic and abiotic conditions that maxi-
mize fitness. However, biologists and managers did not consider movement betw een distinct
habitats important for stream-resident fishes until recently because field methods and monitor-
ing favored relocating immobile fish or fish large enough for tags. As a result, little is known
about the frequency of movement in stream fishes and the critical locations that fishes move 1o
within a stream network. We used stable isotope analysis to provide precise information about
individual movement patterns and frequency for Bonneville cutthroat trout (Oncorly nchus
clarkii utah: BCT) combined site-specific and trophic level-specific N 1sotopic signatures
of BCT to estimate the frequency of movement to downstream environments, to 1dentify
downstream environments that fluvial BCT move into from headwater streams, and to identify
important food resources in these habitats.

MONTANA ARCTIC GRAYLING: STATUS, CONCERNS, AND ANTIDOTLS

Jim Magee, Montana Fish, Wildlife and Parks, 730 N. Montana Strecet, Dillon, MT 59725,
mageejames@mt.gov

Arctic grayling (Thymallus arcticus) have a holarctic distribution in northern latitudes
of North America and Asia. Montana Arctic grayling represent the most southerly distributed
populations of the species. Species existing at the periphery of their range are often more
susceptible to extinction due to habitat and environmental changes. Historic distribution and
abundance of fluvial (permanently stream dwelling) Arctic grayling has decreased due to a
variety of human caused and environmental factors that have imperiled the future existence
of the species in Montana. The last remaining fluvial population exists in the Big Hole River
representing ~ 4 percent of the native range in Montana. Population abundance and distribu-
tion of Arctic grayling in the Big Hole River has declined substantially. Assessing the fac-
tors that have contributed to the decline of grayling is essential to focus restoration efforts.
This presentation will provide current population abundance. distribution. age structure, and
genetic demographics of the Big Hole River grayling population. Habitat limitations, climatic
fluctuations. and potential effects of non-native fishes will be evaluated with regards to gray-
ling restoration efforts. This presentation also introduced a basin wide conservation strategy
that is essential to ensure persistence of grayling in Montana.
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CAN CANDIDATE CONSERVATION AGREEMENTS SAVE MONTANA’S
FLuviaL ArRctiC GRAYLING?

Peter Lamothe, Montana Fish, Wildlife and Parks, 730 N. Montana St., Dillon, MT 59725,
plamothe@mt.gov

A Candidate Conservation Agreement with Assurances (CCAA) is an agreement between
the USDI Fish and Wildlife Service (USFWS) and any non Federal entity whereby non Fed-
eral property owners who voluntarily agree to manage their lands or waters to remove threats
to species at risk of becoming threatened or endangered receive assurances against additional
regulatory requirements should that species be subsequently listed under the Endangered
Species Act (ESA). The goal of the Big Hole CCAA is to secure and enhance a population of
fluvial Arctic grayling (Thvmallus arcticus) within the upper reaches of their historic range
in the Big Hole River drainage. Under this Agreement, Montana Fish, Wildlife and Parks
(MFWP) holds an ESA Enhancement of Survival Permit issued to it by USFWS and will
issue Certificates of Inclusion to non Federal property owners within the project area who
agree to comply with all of the stipulations of the Agreement and develop an approved site
specific plan. Site specific conservation plans will be developed with each landowner by an
interdisciplinary technical team made up of individuals representing MFWP, USFWS, USDA
Natural Resources Conservation Service, and Montana Department of Natural Resources and
Conservation. The conservation guidelines of the Big Hole CCAA will be met by implement-
ing conservation measures that 1) improve streamflows, 2) improve and protect the function
of riparian habitats, 3) identify and reduce or eliminate entrainment threats for grayling, and
4) remove barriers to grayling migration. We believe this program represents the best opportu-
nity to conserve the Big Hole River grayling population.

THE RESTORATION OF THE UPPER BI1G HOLE WATERSHED’S
RiPARIAN AND INSTREAM HABITAT USING CANDIDATE
CONSERVATION AGREEMENTS

Jeff Everett, USDI Fish and Wildlife Service, Montana Partners for Fish and Wildlife Program,
Dillon Ranger District, 420 Barrett St., Dillon, MT 59725, Jeff_Everctt@fws.gov

The Candidate Conservation Agreement with Assurances (CCAA) for fluvial Arctic gray-
ling (Thymallus arcticus) in the upper Big Hole watershed presents a unique opportunity to
develop and implement comprehensive restoration and conservation projects on private land.
During the preliminary sing-up in 2005, 40 landowners enrolled just under 220,000 ac of pri-
vate land, representing nearly 70 percent of the private land in the project area. Site-specific
restoration plans for each property, which addresses everything from instream and riparian
restoration, grazing management, irrigation efficiency improvement, off-stream livestock
water development, entrainment and fish passage, need to be developed with consideration of
the unique physical and hydrologic characteristics of each property, as well as the agricultural
goals and objectives of each livestock operation. The cumulative effects of restoration on one
property upstream have tremendous ramifications downstream. The scale and complexity of
this undertaking, the largest of its kind ever developed in the country, relies upon the dedica-
tion and creativity of many valuable partners.
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IMPROVING STREAM Fr.ows IN THE Urrer BiG HoLke UsING
CANDID ATE CONSERVATION AGREEMENTS

Michacel J. Roberts, Montana Department ot Natural Resources and Conseryation, Water Resources
Division, 1424 9th Ave., Helena, MT 59620, miroberts(e mt.gov

Stream flow improvement is a key conservation guideline outlined in the andidate
Con-servation Agreement with Assurances (CCAA) presently being implemented for fluvial
Arctic grayling (Thymallus arcticus) in the Big Hole River drainage. Eight years of drought
conditions, over-appropriation of water rights, and dependence on the beneficial use of its water
for irriga-tion, presents a water management challenge for agencies and CCAA enrollees i the
upper BigHole basin. The Montana Department of Natural Resources and Conservation (D
RC) provides technical support to meet this challenge through quantification and assessment of
basin hydrol-ogy, water use, and water management practices. Data have been collected from an
established flow monitoring network, tributary and mainstem synoptic stream flow
measurement runs, and water rights compliance checks. These data helped establish flow
conditions prior to the implementation ot the CCAA and provide the basis tor understanding the
tming and magnitude of water use and its influence on stream flows. Water savings to be
converted to stream flow are anticipated through CCAA-associated activities with landowners
such as supplemental flow agreements, infrastructure improvements, irrigation management
planning, and water rights compliance. While it will take years to fully implement all facets of
the CCAA water manage-ment goals, improvements to river flows have already been realized.
Between 2003 and 2006, increases in river flows relative to water availability were documented.
These increases can be attributed to voluntary flow reductions by irrigators. [rrigator
cooperation such as this will need to continue to ensure the success of stream flow improvement
using the CCAA.

UNDERSTANDING ENTRAINMENT DYNAMICS AND POTENTIAL

IMPLICATIONS TO THE CONSERVATION OF ARCTIC GRAYLING IN THE
BiGc HoLE RIVER

Adam Petersen, Montana Fish, Wildlife, and Parks. 730 N. Montana St., Dillon. MT 59725,

apetersen@mt.gov

Arctic grayling ( Thymallus arcticus) in the upper Big Hole River watershed display signifi-
cant migratory patterns. and as such, are susceptible to becoming entrained in irmngation ditches
during their annual migrations. The extent of entrainment and its impact to the population.
however, is poorly understood. To gain insight into entrainment dynamics in the Big Hole River
watershed, survey and salvage efforts were conducted in 2006. We completed electrofishing sur-
veys on approximately 2 percent (42.5 mi) of the irrigation ditches owned by landowners that
have enrolled in the Big Hole Grayling Candidate Conservation Agreement with Assurances
(CCAA) Program. One of the CCAA conservation goals is to assess and minimize the effects of
entrainment on the grayling population. In 2006, five adult grayling were captured in irrigation
ditches. This represents 12 percent ot all adult grayling that were captured during annual fall
population monitoring efforts by Montana Fish, Wildlife. and Parks in 2006. The implication of
these findings and previous eftorts are discussed in relation to their potential effects on grayling
population abundance and recovery efforts. Strategies to minimize entrainment may include
the installation of fish screens, changes to rrigation infrastructure, and voluntary flow reduc-
tions. Implications of these actions are also discussed in terms of their potential impact on water
rights, pending water rights legislation, and the Big Hole Grayling CCAA.
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GRAYLING REINTRODUCTION IN THE RuBy RIVER, MONTANA

Emily N. Rens, Montana Fish, Wildlife and Parks, 730 North Montana St., Dillon, MT 59725,
erens@mt.gov

The Arctic Grayling Workgroup designated the Ruby River as a potential restoration site
for fluvial arctic grayling (Thymallus arcticus) based on an assessment of historic grayling
streams in Montana. The Ruby was chosen among candidate streams because of its long
sections of unimpeded stream, suitable habitat conditions, and relatively low densities of
non-native salmonids. Potential negative characteristics of the Ruby include access to Ruby
reservoir, and the presence of non-natives. Reintroduction etforts began in the Ruby in 1997
following the 1995 Grayling Restoration Plan. Grayling derived from the Big Hole River
were stocked as age-one and young-of-the-year. Natural reproduction of stocked grayling
was documented two different years, indicating suitable habitat was available; however, high
over-winter mortality rates illustrated the need for an alternative to stocking. Reintroduction
efforts have evolved tfrom stocking, to the use ot Remote Site Incubators (RSIs) which emerge
grayling fry reared under selective mechanisms of the stream. RSIs have been used since 2003
and have been very successful at introducing grayling to the system. Over-winter survival
of grayling from RSIs has been documented 3 yrs in a row. Habitat enhancement projects to
increase adult pool, spawning, and rearing habitat for grayling are now complimenting RSI
efforts. Future direction of Ruby reintroductions will be determined by current revision and
updating of the Grayling Restoration Plan. This plan will revisit restoration goals, provide
genetic and brood stock management direction, and create short and long-term goals that ad-
dress connectivity, habitat, and population goals for grayling in Montana.

CHANGES IN ANGLER USE FOLLOWING AN UNAUTHORIZED WALLEYE
INTRODUCTION IN CANYON FERRY RESERVOIR

Eric L. Roberts and Steven R. Dalbey, Montana Fish, Wildlife and Parks, 930 West Custer Ave.,
Helena, MT 59620

Angler use of Canyon Ferry Reservoir has changed following an unauthorized walleye
(Sander vitreus) introduction. In summer 1986 majority of anglers targeted rainbow trout
(Oncorhynchus mykiss) (81.9%) and fished from the shoreline (62.9%). It took an average
time ot 96 min for an angler to catch any species of fish. Following expansion of the walleye
population in the late 1990s, the majority of anglers in 2005 target walleye (69.2%) and fish
from boats (83.2%). In 2005 it took an average of 399 min to catch any species of fish. Total
angler pressure has decreased from 98,768 angler days in 1989 to 80,249 angler days in 2005.
Angler origin has changed little since walleye introduction with Lewis and Clark, Gallatin,
and Broadwater Counties representing most anglers. Percent of out of state anglers have de-
creased from a peak of 10.7 percent in 1987 to a low of 2.3 percent in 2004. Walleye contrib-
ute little to the winter fishery, however heavy predation of yellow perch (Perca flavescens) has
led to declines in winter angler pressure. With declines in perch numbers, rainbow trout have
become the primary component of the winter fishery. Since the introduction of walleye the
Canyon Ferry fishery has become less accessible to general and shoreline anglers. Predation
by walleye has reduced numbers of other sport fishes in the reservoir to the point that walleye
are currently the only sport fish that meets management goals.
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ErFrects Or Sprin, ON THeE KOOTENAI RIVER
BerLowLisey Dam In 2006

Ryan M. Sylvester, Mentana Fish, Wildlife and Parks, 475 Fish Hatchery Road. Libby, MT 59923,
rysylvester(@mt.gov

Brian L. Marotz, Montana Fish, Wildlife and Parks, 490 North Mernidian Road,
Kalispell, MT 59901, bmarotz(a mt.gov

Mismanagement of reservoir elevations in the spring of 2006 caused forced spill to occur
from Libby Dam on the Kootenai River from 8 June 2006 to 27 June 2006 Spill dischar re
reached a maximum of 31.000 ft* /sec (cf), leading to the highest discharge of 55,000 cfs
from Libby Dam since regulated flows began in 1974, Spill discharges above approximately
1200 cfs cause gas supersaturation and subsequent violation of the state and federal water
quality standards of 110 percent. Gas levels reached a maximum of 133.5 percent and the 110
percent saturation level was exceeded for 18.5 consecutive days (446 hrs) below the Dam.
Initially, higher percentages of fishes exhibited gas bubble trauma symptoms on the left bank
when compared to the right bank, but after 14 days of spill, 93.0 percent of rainbow trout,
82.0 percent of mountain whitefish, and 100.0 percent of bull trout exhibited symptoms of gas
bubble trauma. No mass mortality of fishes was seen in the river below the Dam, with the
exception of kokanee that passed over the spillway. The long term eftects on fishes below the
dam are unknown at this time, but monitoring will continue in the spring of 2007 for rainbow
and bull trout populations, downstream displacement of PIT tagged fishes, and genetic analy-
sis of the bull trout population using pre and post spill genetic analyses.

CORRECT IMPLEMENTATION OF VARIABLE FLow FrLoon CoNTROL.
(VARQ) ATt LiBry Dam DurING 2006 Courn HAVE AvOIDED SpiLL
AND PREVENTED IMPACTS TO KOOTENAI RIVER FiSH

Brian L. Marotz. Montana Fish, Wildlife and Parks. 490 North Meridian Road,
Kalispell, MT 59901, bmaretz(@mt.gev

The variable flow flood control strategy (VARQ) was designed to improve conditions

for resident fish species including the endangered Kootenai white sturgeon (Acipenscr
transmontanus) and threatened bull trout (Salvelinus confluentus) while dam operations are
modified to recover ESA-listed anadromous fish species in the lower Columbia River Failure
to follow VARQ at Libby Dam during 2006 caused an uncontrolled spill and flooding in the
Kootenai River. As much as 31,000 ft* /sec (cfs) was released through the spillway, exceeding
Montana’s water quality standard of 110 percent gas supersaturation for 19 days. Gas levels
reached a maximum of 133.5 percent causing gas bubble trauma in Kootenai River fish Flood

stage at Bonners Ferry, Idaho, was exceeded, causing some stakeholder 1n the US and

Canada to doubt the eftectiveness of this flood control strategy. The U.S. Army Corps of
Engineers considered abandoning VARQ and reinstating standard flood control practices.
Analysis of the event revealed that the Corps’ discharge protocol had not been implemented as
de 1gned. Dam discharge during April and early May was therefore insufticient to control the
slightly-above-normal inflow. Spill, looding and gas bubble trauma in Kootenai River fish
could have been avoided if VARQ had been implemented as designed.
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INVESTIGATIONS INTO RAPID TEMPERATURE DECREASES

IN THE UrPER MADISON RIVER DOWNSTREAM FROM

QuAKE LAKE, MONTANA
Frank J. Pickett, PPL Montana, 45 Basin Creck Road, Butte, MT 59701, fjpickett@pplwceb.com
Timothy B. Schulz, 32 Ballard Lanc, Whitchall, MT 59759, tschulz@in-tch.com
Pat Clancy, Montana Fish Wildlife and Parks, P.O. Box 1336, Ennis, MT 59729, pclancey@mt.gov

During the review of temperature data collected from the Madison River downstream
from Quake Lake, we noticed two cases of short term, very sharp temperature decreases. On
23 June 2001, river temperature decreased 8.1 °F over 7.5 hours and on 28 July 2001, river
temperature decreased 15.2 °F over 9.5 hrs. Water temperature remained low for ~ 30 min to
1 hr and then rebounded quickly to typically normal levels. We believe that the cause for these
anomalies may be a wind driven disturbance tilting the Quake Lake thermocline allowing cool
hypolimnetic water to spill out of the Quake Lake outlet. We support this hypothesis with a
presentation of the geographical orientation of the Lake, wind data from a nearby weather sta-
tion, and temperature profile data taken from Quake Lake. Other cases of this phenomenon at
this site are identified.

EsTIMATION OF FisH AGE USING OTOLITH RELATIVE MASS

Craig P. Stafford. Division of Biological Sciences, 32 Campus Drive, University of Montana,
Missoula, MT 59812, craig.stafford@mso.umt.edu

Otolith and body growth rates are non proportional, resulting in fast growing fish with
relatively small otoliths at a given body size and vice versa. Thus use of otolith mass alone
to estimate fish age will be biased when body growth rates vary from those in the established
age versus otolith mass relationship. By accounting for the otolith mass at a given body size
(defined as otolith relative mass) it should be possible to improve age models particularly
when growth rates are variable. Herein I compared two multiple regression models incorpo-
rating otolith relative mass to predict Flathead Lake lake trout (Salvelinus namaycush) annuli
with a conventional otolith mass regression. | found that the models incorporating otolith
relative mass were less prone to growth bias, and produced growth curves that better mim-
icked the empirical relationship. The best performing otolith relative mass model was applied
to archived otoliths, revealing a pattern of sharply declining growth from 1986-1991 to 1998,
and a smaller decline from 1998 to 2005. Coherent with these temporal growth declines |
observed increases in otolith mass at a given body length, suggesting that the otolith mass vs.
body length relationship can be used to monitor growth rates.
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A NEw BiocHemicaL GENETIC TECHNIQUE To ExaviNe

HYBRD 1ZATION AMONG WESTSLOPE CUTTHROAT, YELLOWSTONE
CurrHroar, AND Rainsow TrouT

John Powell and Robb Leary, Division of Biological Sciences, 32 Campus Drive,  University of
Montana, Missoula, MT 59812, john.powell@ umontana.edu

Hybridization is a large threat to the continued existence of native cutthroat trout (Onco-
rhvnchus clarkii). Considerable eftort has been spent identifying and attempting to conserve
non-hybridized native cutthroat trout populations. Previously, Montana Fish, Wildlife, and
Parks used a procedure examining fragments of nuclear DNA located between transposable
elements (Pl E analysis) to determine whether or not populations were hybridized and to
what extent. A problem with this technique was that the markers used were inherited in a
dominant/recessive fashion making identification of all genotypes not possible which from
a statistical aspect weakens the power of the data. We developed a procedure that examines
codominant insertion/deletion (indel) events as well as microsatellite markers that distinguish
among westslope cutthroat (O. ¢. lewisi), Yellowstone cutthroat ((). ¢. bouvieri), and rainbow
trout (O. mykiss). The codominant nature of these markers allows for the direct determination
of all genotypes and estimates of allele frequencies in samples which greatly increases the
power of the data. Furthermore, the new procedure requires only two independent polymerase
chain reactions which reduces the amount ot effort required to collect the data. This tech-
nique, theretore, is far superior to the previously used PINE analysis.

EVALUATION OF STOCKING AS A MEANS OF REPLACING
INTRODUCED TROUT POPULATIONS IN L AKES WiTH WESTSLOPE
CurtHrOAT TROUT

Robb F. Leary and Fred W. Allendorf. Division of Biological Sciences, 32 Campus Drive.
University of Montana, Missoula, MT 59812, robb.leary@mso.umt.cdu

George K. Sage, 1606 Sanya Circle, Anchorage. AK 99508

Conservation and restoration plans often call for the elimination and replacement of non-
native fish populations. Elimination in lakes has generally been successtul only by poisoning.
Poisoning is becoming increasingly problematic. however, because of legal and permit 1ssues
and potential social and political opposition. As an alternative to poisoning. we investigated
the effectiveness of stocking as a means of replacing nonnative lake populations of trout.
Among six lakes in the South Fork Flathead River drainage. Montana. genetic analysis indi-
cated after stocking began that the proportion of westslope cutthroat trout (Onchorhynchus
clarkii lewisi), alleles had progressively increased from zero, or near zero. to 0.75 up to
0.99. Some of this increase was due to hybridization and introgression with the stocked
fish. Examination of individuals, however, indicated that most of the change wa. due to the
replacement of fish in the lake with westslope cutthroat trout. The results suggest that in small
headwater lakes with limited spawning and juvenile rearing habitats tocking juveniles can be
an effective means of replacing introduced nonnative trout populations or hybrid swarms with
westslope cutthroat trout.
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WHO’Ss YER Dappy? PHoTO DOCUMENIATION OF BuLL. 'RouT AND
Brook TrouT HYBRIDIZATION

Wade Fredenoerg, USDI Fisn and Wi'dl fe Scervice,  Ceeston Fisn and Widwrz Center, 780 Cicston
Hatcnery Road, Kaiispell, MT 5990 ., wade _redenoegiawtws. gov

Field survey and genetic sampling of fish in Goat and Lion Creeks, two tributaries of
the Swan River in northwest Montana, indicated hybridization between bull trout
(Salvelinus confiuenlus) and brook trout (S.jontinalis). In 2006 I used an easily-
constructed Plexiglas streamside solarium and a digital camera to individually photograph
each of336 Salvelinus specimens that were randomly captured by electrofishing crews at five
sites in the two drainages. Finclip samples from each fish were analyzed, using a set of13
microsatellite loci previously identified as being useful to distinguish between bull trout,
brook trout, and hybrid individuals. Preliminary results of the genetic analysis determined
that about 53 percent of sampled fish were bull trout, 38 percent were brook trout, and 9
percent were hybrids. Field identification matched closely with these proportions and well-
trained observers adequately identified hybrid specimens. However, nine field
misidentifications that were detected by genetic analysis were correlated to hybrids; some
due to inability to recognize larger fish(> 200 mm) as hybrids, and several due to smaller
brook trout(< 100 mm) that were improperly identified as hybrids. Additional evaluation
ofthe genetic attributes of hybrid individuals will determine more about individual ancestry
and spatial and temporal patterns of hybridization. The unique archive of broadside digital
photos of which most provide good or excellent representation of phenotypic
characteristics, will allow us to use "visual virtual recall” to re-examine phenotypic
characters of each fish. e.g., coloration and spotting patterns, and may be useful as future
training aids.

CONSIDERING NATURAL VEGETATION DEVELOPMENT PROCESSES IN

STREAMBANK STABILIZATION DESIGN
Amy Sacry and Tom Parker, Geum Environmental Consulting, Inc., 307 State Sueet,
Hamilton, MT 59840, asacry@geumconsulting.com

Stabilizing eroding streambanks is a common component of stream and river restoration
projects and is addressed by various disciplines using a wide range of techniques. A native
species revegetation approach to streambank stabilization has numerous benefits and 1s being
used with increasing success in western Montana. The most successful streambank stabiliza-
tion efforts combine techniques from the tool boxes of dilterent disciplines, such as incoipo-
rating soil bioengineering techniques with natural channel design structures like log vanes and
engineered log jams. In addition to improving channel function and stability, including native
species revegetation as part of streambank stabilization accounts for ecological processes nec-
essary for long-term self~maintenance of restoration projects. Ecological processes that influ-
ence vegetation development along streams include alluvial bar deposition, plant community
succession and related soil development, surface water/groundwater connection, and wildhfe
influences such as deer browse and beaver dams. Considering ditterent vegetation develop-
ment pathways in the context of these processes will re ult in streambank stabilization ettoits
that are self-sustaining and support objectives for instream habitat, riparian revegetation, and
dynamic stability at the reach scale.
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DuAL-FREQUENCY IDENTIFICATIO SONAR (DIDSON) For
FisHERIES APPLICATIONS: CooL Toor. Or ExrensivE  Toy?

Susan L. Camp, USDI Burecau of Reclamation, Montana Arca Office, P.O. Box 30137,
Billings, MT 59107, scamp(u gp.usbr.gov

Eric Best and Steve Hiebert, USDI Burcau of Reclamation, Techmical Services Center, Fisheries
and Wildlife Resources Group, P. O. Box 25007, Denver, CO 80225, ebest a do.usbr.gov

The Dual-Frequency Identification Sonar (D IDSON) camera was developed for
inspec-tion and identification of objects underwater in highly turbid environments, using
acoustic lenses and sonar technology to deliver near video-quality images. Although developed
primar-ily for the avy to image underwater structures, such as mines and ship hulls, the
DIDSO "is now available to the public and is being used for other applications. Reclamation
has been exploring the technology to determine if it can provide a useful tool for fisheries
management. The DIDSO  camera operates using sound frequencies and allows observations
of fish behav-ior in large, turbid rivers where video camera observations are impossible, and is
also useful in identification of substrates and observation of other underwater structures.
Reclamation has captured images of razorback sucker (Xyvrauchen texanus) spawning behavior
in the Colorado River and is currently using the technology on the Yellowstone and Missouri
Rivers i hope of documenting behavior of the endangered pallid sturgeon (Scaphirynchus al
bus) and other native fish. Preliminary results are promising. We tfound that the best image
quality 1s obtained by deploying the camera on a remote controlled underwater tripod. The most
cffective meth-ods are either using the camera in conjunction with radio telemetry to locate a
known target or by setting the camera in favorable habitat and waiting for fish. Though there
are some limita-tions, DIDSON technology may provide a useful tool for fisheries applications.

SPAWNING ABUNDANCE OF BuLL. Trout N RELATION To

GEOMORPHOLOGY, TEMPERATURE AND R0oADS IN TRBUTARIES OF
Rock CREEk BasiN  (MissourLA AND GRANITE COUNTIES), MONTANA

Christopher A. Frissell and Gary Carnefix, The Pacific Rivers Council, PMB 219, 61529,
Highway 93, Suite A, Polson, MT 59860, hantris@digisys.net

Land management is a pervasive influence on imperiled native aquatic species, but its ef-
fects are often ditficult to tease from those of natural environmental variation To discriminate
these eftfects, we first indexed bull trout (Sulvelinus confluentus) spawner abundance from
redd survey counts made in 19 tributaries of Rock Creek—Upper Clark Fork Basin, Mon-
tana (Missoula and Granite Counties). We compared response metrics of pawner abundance
against a large suite of environmental variables, including measures of geomorphology, sum-
mer stream temperature and land management. We iterated multivariate analyses to compare
effects of alternate aggregation and stratification methods ftor both response and environmen-
tal variables. Significance tests revealed several robust results: spawner abundance increased
with channel or sub-basin slope, declined with maximum stream temperature, increased with
proportion of sub-basin in wilderness and roadless area, and increased with extent of bounded
alluvial valley geomorphology. Catchment road density did not correlate with bull trout
spawning, but the range of road density among Rock Creek sites was one order of magnitude
lower than in a previously published analysis for Swan River tributaries (Baxter et al. 1999).
The two studies showed highly consistent associations with catchment and stream hydro-
geomorphic features. We hypothesize that proportional roadless area, a variable that reflects
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the dispersion of road disturbance within the catchment, is an important factor at low road
density, but at moderate and higher road densities prevailing across the bull trout’s range, total
road density tends to saturate or override the eftect of spatial distribution of roads within the
catchment.

EustaAcHE CREEK MINE SITE AND STREAM CHANNEL RECLAMATION-
PLANNING, MONITORING, AND IMPLEMENTATION

Scott Spaulding and Traci Sylte, USDA Forest Service, Lolo National Forest,
scottspaulding(@fs.fed.us

Rob Roberts, Trout Unlimited, Western Lands Program, rroberts(ctu.org

Mining for gold in middle and headwater tributary streams of the Ninemile Creek
watershed, a middle Clark Fork River tributary, has left numerous physical and biological
legacies slow to heal. These legacies include unstable channel and floodplain habitats, an
inhibited riparian community, increased water temperatures, reduced stream channel complex-
ity, disconnected surface flow and altered fish assemblages. Large-scale fire and landscape
scale evaluations in Ninemile watershed provided the planning backdrop for prioritization,
partnership, and implementation of the Eustache Creek project, a |-mi reclamation project in
the headwaters of Ninemile Creek. Reclamation objectives include: provide bedload transport
through the reach by facilitating deposition and scour without excessive aggradation or degra-
dation, increase channel complexity (wood, pools, substrate), re-watering dewatered channel
segments, and improving the ability of floodplain surtaces to support primary and secondary
succession of native vegetation. We used a geomorphic design approach to establish stream
channel and floodplain configurations in an attempt to achieve these objectives. Restoration
techniques included collection and propagation of native riparian seed for transplant back to
reclaimed surfaces, use of shallow groundwater retention sills, rootwad composites and wood
vane structures to assist with initial channel stability and complexity, and organic amendments
to mine spoils. No large rock was imported to fix the channel in place. Pre- and post-project
monitoring includes longitudinal and cross-section profiles, fish abundance and movement es-
timates, aquatic invertebrate metrics, water temperature monitoring, instream habitat metrics,
and photo points in both the reconstructed and a reference tributary similar to Eustache Creek.
Preliminary findings were discussed.

HEBGEN RESERVOIR ACTIVITIES UPDATE: STILL LOOKING AT
FacTtors THAT CouLb POTENTIALLY BE LiMiTING WILD RAINBOW
TrouT RECRUITMENT TO THE HEBGEN FISHERY

Travis Lohrenz, Montana Fish, Wildlife and Parks, 100 Prairie Way # 6, Ennis, MT 59729,
tlohrenz@mt.gov

Seldom does a lake or reservoir environment contain sufficient spawning and rearing habi-
tat to support a self-sustaining fishery and maintenance of the sport fishery is achieved through
stocking. Hebgen Reservoir, however, is rare among reservoir systems. Numerous tributaries
with in the Hebgen system provide high quality spawning and rearing habitat. Brown trout
Salmo trutta have been self-sustaining since 1956, and spawning runs of wild rainbow trout
(Oncorhynchus mykiss) occur in nine Hebgen tributaries. In 2002 a graduate research project
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investigated tributary potential for recruitment of wild rainbow trout. Results of the study sug-
gested that quantity and quality of spawning and rearing habitat was not likely limiting wild
rainbow trout production, but other factors in the tributaries and reseryoir may be affecting
recruitment to the adult population. Therefore, upon recommendations of the 2002 tudy. Mon-
tana Fish, Wildlife and Parks in conjunction with the Gallatin  ational Forest initiated invest-
gations to identify other factors within tributaries and the reservoir that may be influencing wild
rainbow trout survival and recruitment to the adult population in the Hebgen Basin.

PorULATION STRUCTURE AND SEASONAL Hasriar USE Or The

NORTHERN PIkE PoruLATION  OF CABINET GORGE RESERVOIR ,
MONTANA

Sean S. P. Moran and Shana R. Bernall, Avista Corporation, PO Box 1469, Noxon, MT
59853, sean.moran(@avistacorp.com

Northern pike (£sox lucius) have been shown to impact salmonid communities in many
areas where this predatory species has become established. The potential for such impacts to
limit the effectiveness of native salmonid management and mitigation programs for abinet
Gorge Reservoir and its tributaries provided the impetus for this study. This study employed
active and passive capture techniques to characterize the northern pike population and to
provide fish for radio-tagging. A total of 51 northern pike were radio-tagged and tracked over
the course of this study (Apr 2003-Jul 2005) to ascertain habitat use and possible overlap with
native salmonids. Telemetry depicted northern pike closely associated with shallower habitat
characterized by abundant aquatic vegetation. Hard part aging found most northern pike cap-
tured were between 4 and 6 yrs of age. Proportional stock density and relative weight indices
averaged 85 and 141, respectively. Opportunistic angler urveys portrayed a northern pike-
based recreational fishery of increasing popularity. Extensive efforts to document reproduction
suggested that water level fluctuations negated successful spawning. Although no bull trout
Salvelinus confluentus or westslope cutthroat trout (Oncorhynchus clarkii lewisi) were found
in 66 stomachs sampled or 19 instances when gastric lavage was performed, the preponder-
ance ot northern pike detections in Bull River Bay represented a significant opportunity for
predation of migratory native salmonids from this important nursery tributary. Based on the
history of impacts northern pike have had on native salmonids in other systems, possible cor-
rective fisheries management measures may be warranted.
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B10LOGICAL SCIENCES — TERRESTRIAL

ABSTRACTS OF THE 2007 ANNUAL MEETING OF THE
MONTANA CHAPTER OF THE WILDLIFE SOCIETY

DEVELOPING ENERGY, SUSTAINING NATURAL SYSTEMS:

How Do WE Do It?
FEBRUARY 6-9, 2007

BozEMAN, MONTANA

INTRODUCTION

Carolyn Sime President, Montana Chapter TWS Montana Fish, Wildlife & Parks 1420 E. 6th
Ave, Helena, MT 59620, casime@mt.gov

The Montana Chapter of The Wildlitfe Society is the professional association of biologist
active in wildlife research, management, education, and administration within the State of
Montana. The goal of the Chapter is scientific management of Montana's wildlife resources
and their habitats. The principle objectives of the Society are: (1) to develop and promote
sound stewardship of wildlife resources and of the environment upon which wildlife and
humans depend; (2) to actively participate in programs designed to diminish human-induced
environmental degradation; (3) to increase awareness and appreciation of wildlite values; and
(4) to seek the highest standards in all activities of the wildlife profession. Society members
are dedicated to sustainable management of wildlife resources and their habitats and ecology
is the primary scientific discipline ot the wildlife protession. The Society also believes that
wildlife, in its myriad forms, is basic to the maintenance of human culture and quality of life.

To further explore the public trust in our times, the 2007 conterence theme was Develop-
ing Energy, Sustaining Natural Systems: How Do We Do It? We toured the energy scene,
including various types of energy development, the regulatory framework, wildlife/habitat
impacts, and the long term forecast. What started as a pre-conference training workshop, En-
ergy 101, continued into a series ot special energy sessions throughout the main conterence in
unprecedented fashion. reflecting the importance of the topic and implications for Montana’s
wildlife. Featured speakers included protessionals from Alberta and Wyoming who clearly
demonstrated the challenges of balancing wildlite conservation and energy development.
Other speakers working at the wildlife — energy interface covered topics including energy
transmission corridors, wind development, coal development potential, sage grouse, bats,
mule deer, and habitat mitigation strategies. The Plenary Session was a lively series of pre-
sentations that touched on a wide array of perspectives about energy development in Montana.

A second workshop entitled Building Connections between Wildlife Populations and
People: The Application of Wildlite Linkage Across the Northern Rockies Landscape ad-
dressed the critical issue of how to assure movement opportunities for wildlife as human
development proceeds, human populations increase, and energy resources are developed. A
third workshop brought people together for a dialogue on children and nature: No Child Left
Inside, Reconnecting Montana’s Youth to Nature. Children today spend less time outdoors than
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in past generations and that has important implications for ensuring conservation successes
and instilling stewardship values in future Americans.

One of the featured speakers was Dr. Steve Running from the University of 4ontana,
whose participation on the United Nations Intergovermmmental Panel for Climate hange
would garner the 2008  Nobel Peace Prize. His presentation was titled *“Climate Trends and
Ecosystem Responses in Montana.”  While science 1s a phenomenally slow process and
uncertainty remains, Dr. Running challenged us to really think about climate change and 1t
implications for Montana wildlife as we design protocols and collect data, make management
decisions, and plan habitat conservation projects, among other things

The Montana Chapter herein provides the abstracts of its 2007 Annual Meeting.  Many
reference ongoing research and management projects, and may include data that are not
comprehensive or fully analyzed. Thus, abstracts should not be cited i other works without
permission of the author(s). whose contact information 1s provided  Our next annual meetin
will be held 26-29 February 2008: Northwest Connections: Sustaiming our Wildlife
Popula-tions in the Face of Climate Change, Human Population Growth, and Energy
Development.

A BLUEPRINT FOR ENERGY SELF-RELIANCE: HOW ALl OF

MOoONTANA’S ENERGY NEEDS CAN BE MET USING CONSERVATION

AND CLEAN, RENEWABLE ENERGY WHILE CREATING JOBS, SAVING
MONEY, AND REVITALIZING RURAL AND URBAN COMMUNITIES

Alternative Energy Resources Organization (AERO). 432 Last Chance Gulch, Helena Montana

59601, aero(@ aeromt.org

Montana stands at a crossroads. Right now, in 2007, etficiency combined with renewable,
clean sources of energy cost less, and can be brought on line faster than any new sources of
fossil energy. AERO’s vision is that Montana can prosper with an energy policy based entirely
on conservation and renewable resources. It is both technically and financially feasible to do
this. We can grow our economy without damaging our air, water, land or quality of life and
without spewing further greenhouse gases into Earth’s atmosphere. Doing this right means de-
veloping diverse and decentralized energy systems, creating meaningful work for our citizens,
broadening local ownership of production and distribution systems, reducing our vulnerability
to natural or human-caused disasters, and enhancing the resilience and well-being of our rural
and urban communities. The first and by far the cheapest thing to do is efficiently manage
energy demand, do more with less. Then do the rest with renewable sources of energy. AERO
wrote the blueprint document to catalyze citizen participation in creating a sound statewide
energy policy. The choices we tace are political, not technical. It 1s our money and our envi-
ronment. We can use Montana’s renewable resources etfectively to supply all of our state’s
internal energy requirements now and into the future. We prefer this to the conventional
scenario of continuing as an energy colony, extracting non-renewable resources and shipping
them out or, in the case of coal, burning it here and polluting our air, water and soil mn order
to create electrons to be transmitted elsewhere. We believe Montana’s best contribution to the
nation will be to assume a new role. as a regional model of clean energy, self-reliance and true
“homeland” security.
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DEVELOPING A MONITORING FRAMEWORK FOR WOLVES IN IDAHO

David L. Ausband and Mike Mitchell. Montana Cooperative Wildlife Research Unit. University
of Montana. Natural Science Building, Room 205, Missoula, MT 59812

Curt Mack. Nez Perce Tribe Gray Wolf Recovery Project Leader, P.O. Box 1922,
McCall, ID 83638

M. Steve Nadeau, Idaho Departiment of Fish and Game, 600 S. Walnut, Boise, [D 83707
Pete Zager, Idaho Department of Fish and Game, 3316 16th St, Lewiston, 1D 83501

Since wolf reintroduction, radio telemetry has been the primary tool for monitoring
wolves in Idaho. However, its efficacy as the sole method for population monitoring will
wane as the wolf population expands and tederal funding for wolf management diminishes.
Maintaining radio-collared wolves dispersed widely across the landscape is an expensive and
logistically ditficult monitoring approach. Few studies, however, have developed reliable
alternatives for monitoring wolves across varied landscapes. We are evaluating the effective-
ness of wolf population monitoring methods within four separate study areas in Idaho. One
method, the summer scat method, stratifies habitat to facilitate sampling, provides data indica-
tive of reproduction, and can provide estimates of wolf abundance. We are also testing the ef-
ficacy of hunter questionnaires and public sightings in estimating wolf abundance in the study
areas. In addition, we are pilot testing several novel methods to detect and count wolves. To
provide a statewide assessment ot wolf distribution and abundance, we will collate data from
tested non-invasive field methods, public observation data, and radio-collared animal data into
an occupancy model. Preliminary analyses indicate an occupancy model using only public
sightings can reasonably estimate number of wolt packs in Idaho. Development and refine-
ment of such an occupancy model provides a framework for wolf population monitoring in
the absence of, or complementary to, intensive telemetry-based monitoring. We expect our
findings will be of interest and wholly applicable to professionals who manage wolt popula-
tions in other states.

TEN YEARS OF WOLF-UNGULATE DyNAMICS IN THE MADISON-FIRE-
HOLE DRAINAGE OF YELLOWSTONE NATIONAL PARK

Matthew S. Becker and Robert A. Garrott, Ecology Department, Montana State University,
Bozeman, Montana 59717

Patrick J. White, Yellowstone Center for Resources, Yellowstone National Park, Wyoming 82190

This study utilizes long-term research on a tractable and relatively unexploited wolf-elk-
bison system in central Yellowstone, from 1996 to 2006, to investigate wolf recolonization dy-
namics, predation rates, and prey selection. Employing a combination ot ground-based radio-
telemetry and ground-tracking and monitoring methods, > 670 kills, 1400 locations, and 3200
km of tracking data were amassed from multiple wolf packs preying on a resident elk herd
and a migratory bison herd. The ratio of wolves to ungulates is possibly the highest predator-
prey ratio ever recorded, as wolf density, space use, and predation pressure in the study area
increased dramatically before sharply dropping in the winter of 2006. Wolf use of the study
area increased from a few itinerant wolves, to multiple established packs, before decreasing to
primarily one pack. Elk comprised the preferred prey for wolves, and the ratio of preferred to
alternative prey was predictably variable, both within and between winters, as bison migration
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occurred. onsiderable variation in wolf predation rates was also demonstrated, both within
and across years and packs. Prey selection trends demonstrate that wolves are increasingly
utilizing bison as prey, such that bison comprised the majority of wolf diets in winter 2006.
The potential implications of this on tuture wolf-ungulate dynamics are addressed.

Do Narural. Gas A p WitnLir M ?2 Evar. a1t G EF E T OF
E erGcY DEVELOP 1E T O PRO GHOR WESTER WhO 11 G

Kim Murray Berger, Joel Berger, and Jon Beckmann. North America Program, Wildhife
Conservation ocicty, P.O. Box 985, Victor, Idaho 83455

The Upper Green River Valley in western Wyoming is home to  >100,000 wintering
ungulates as well as 30-50 trillion cubic feet of natural gas. In 2005, we mitiated a S-year
study to assess the effects of habitat loss, fragmentation, and human disturbance associated
with gas-field infrastructure on pronghorn habitat use, movements, and demography. Data on
survival, habitat use, and daily/seasonal movements are being collected with GPS collars (n=
50) that provide up to 8 locations/animal/day. Beginning in 2007, data from GPS collars will
be supplemented with 100 VHF collars to provide more robust estimates of survival. In
addi-tion, we are contrasting correlates of reproduction such as body mass, stress hormones,
and pregnancy rates between experimental animals that primarily winter in gas fields and
control animals that reside in undeveloped areas, and are collecting data on bio-physical
factors, e.g.. snow depth, that influence pronghorn distribution. Preliminary results indicated
that control and experimental animals had no differences in survival rates, body mass. or
fecundity, sug-gesting that proximity to development has no detectable efte ct on pronghorn
demography. Snow depth in excess of ~20 cm has an overriding influence on pronghorn use
of local habitats. Howeverc independent of snow depth. pronghorn tend to avoid areas that are
fragmented by gas fields and roads, especially habitat parcels less than 600 ac in size.
Ulumately. our results will enable industry and agencies to understand how energy-related
footprints affect landscapes and population-level responses.

RoAD AND LANDCOVER CHARACTERISTICS AFFECTING DEER
HiGHwAY CROSSINGS A D MORTALITY ALONG U.S. HiGHwAYy 93
ON THE FLATHEAD INDIAN RESERVATION, MONTANA, USA

Whisper R. Camel. Montana State University, Department of Ecology, 310 Lewis Hall, Bozeman.
MT 59717-3460. and the Confederated Salish and Kootenai Tribes, Tribal Wildlife Management
Program, P.O. Box 24, Polson. Montana 59860

Amanda R. Hardy and Marcel P. Huijser, Western Transportation Institute. Montana ~ State
University, PO Box 174250, Bozeman. MT 59717-4250

Jodi Hilty, Wildlife Conservation Society, 2023 Stadium Drive, Suite 1A, Bozeman. MT 59715

Animal vehicle collisions (AVCs) aftect people and wildlife. On the Flathead Indian
Reservation in western Montana, in an eftort to reduce AVCs and increase highw ay safety,
federal, state and tribal governments agreed to reconstruct the main highway through the
reservation for the safety of travelers, but with considerations for cultural resources including
wildlife. In this study we investigate road and land-cover characten tics associated with deer
(Odocoileus spp.) collision and crossing locations preceding highway recon truction effort
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Deer movements across the highway corridor were obtained from deer mortality records

of highway accident and carcass removal reports; and live deer highway crossing locations
from an associated tracking study. A geographic information system was used to determine
proportions of landcover variables within three spatially buffered layers centered on U.S. 93.
Binary logistic and multiple linear regressions were used to evaluate models, and Akaike’s
Information Criterion (AIC) was used to rank models and variables. The results showed that
landcover variables could be used to predict crossing or kill location. Top predictors included
a positive correlation to forest cover, distance to the nearest city, and low intensity residential
development. Negative correlations were found for distance to nearest water and population
density. Results of this project will be used for comparison to post-construction movement
patterns.

THE BiIRD CoOMMUNITY IN BEETLE OUTBREAK AREAS: SURVEYING
FOR BLACK-BACKED WOODPECKERS AND OTHER SPECIES

Amy B. Cilimburg and Richard L. Hutto, Landbird Monitoring Program and the Avian Science
Center, Division of Biological Sciences, University of Montana, Missoula, MT 58912

Most avian distribution studies in Montanan conclude that black-backed woodpeckers
are relatively restricted to post-fire areas. However, some studies elsewhere in the West have
located black-backed woodpeckers in beetle outbreak areas. During the summer of 2006, the
Landbird Monitoring Program, a collaborative ettort between the Avian Science Center and
the USDA Forest Service, surveyed for birds via point counts and surveyed for woodpeckers
via broadcast callers to assess the bird community in beetle outbreak areas. We used GIS and
grid-based, off-road sampling design to determine study sites and surveyed on five National
Forests. We found very few black-backed woodpeckers associated with beetle outbreak areas.
However, the bird community was varied and other species appeared to respond to the pres-
ence of beetles. Additionally, because the ASC also conducted a concurrent, near identical
study in post-fire habitats, we compared detections of black-backed and other woodpecker
species between these different habitats. We highlight these findings, discuss plans for upcom
ing field work, and provide details of current Avian Science Center happenings.

A HABITAT CONSERVATION NETWORK BASED UPON FOCAL SPECIES:
DESIGN FOR THE INLAND RAINFOREST OF NORTH AMERICA

Lance Craighead, Thomas Olenicki, and Brent Brock, Craighead Environmental Research Institute,
201 South Wallace Avenue, Suite B2D, Bozeman, MT 59715

Baden Cross, Applied Conservation GIS, P.O. Box 356, Heriot Bay, British Columbia VOPIH
Canada

Justin Williams, Department of Geography and Environmental Engineering, Ames Hall, Johns
Hopkins University, 3400 North Charles Street, Baltimore, MD 21218

A conservation plan should maintain ecologically functional populations of native plants
and animals across large regions. In planning for the 194,799 km? Inland Temperate Rainfor-
est (ITR) of British Columbia, Montana, Idaho, and Washington we focused on three ani-
mal groups: terrestrial wildlife, aquatic species, and birds. Terrestrial wildlife conservation
requires core secure habitat large enough to maintain populations of large carnivores. These
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species serve as umbrella species for other less sensitive animals. We developed terrestrial
habitat suitability models for grizzly bear, wolf, wolverine. lynx. cougar, and mountain cari-
bou. Results identity habitat cores for each of the six focal species that were merged into opti-
mal composite cores to meet needs for ~everal species. Optimized cores cover 102,326 km? or
52.52 percent of the ITR. Of this, 17.847 km2 or 17.44 percent of the cores was non-habitat.
IHabitat cores thus comprised 42.44 percent of the I'TR. Least-cost-path connectivity
method-ology identified probable movement corridors between cores. Secondly we modeled
aquatic species habitat based on the work of  chris Frissel. Optimal terrestrial wildlife cores
included most of the best aquatic habitats. Highest quality watersheds mostly within the
optimized cores added an additional 4,584.04 km2 of area to the network, or 2.35 percent of
the ITR. Thirdly we used bird richness models developed by Andy IHansen to prioritize avian
specie. habitat. Over 50 percent of the best avian habitats were included within the terrestrial
core solution. This broad-scale habitat network comprised 44.79 percent of the 1TR: this
guides site-specific conservation solutions at finer scales which integrate into the overall
design. design.

CoNTAMINANTS IN EGGS OF LESSER ScAaUuP NESTING ON LLowEkr RED
Rock LAKE, RED ROCK LAKES NATIONAL WiLbLIFE REFUGE

Kyle A. Cutting. Departinent of Ecology. Montana State University, P.O). Box 173460,
Bozeman. MT 59715

Jeftrey M. Warren, Red Rock Lakes  National Wildlife Refuge. USDA Fish and Wildhfe
Service, Lima, MT 59739

North American lesser and greater scaup (Aythya aftinis and A. marila. respectively) have
declined at a rate ot nearly 150,000 birds/yr for the last 25 years. Band recoveries indicated
lesser scaup breeding in southwest Montana at Red Rock Lakes National Wildlife Refuge
(Refuge) have one of the shortest migration routes ot North American scaup (<1100 km).
and winter in areas known to have elevated levels of contaminants. This led to concerns that
contaminants obtained on wintering grounds could be negatively atfecting scaup productivity
on the Refuge. In 2006 lesser scaup eggs were collected on the Refuge from nests located in
wetland habitats ot Lower Red Rock Lake. Eggs were analyzed for organochlorine (OC; n
25) and metal (2 = 10) concentrations. Egg contaminant levels were regressed against initia-
tion date to examine contaminant depuration rates during the breeding season. Only one OC
analyte, p.p'-DDE. was detected in all 25 egg samples. four analytes were detected in 4-56
percent of the samples, and 17 analytes were not detected. Geometric mean concentration
of p,p-DDE was 286.0 ng g-1 dw (range — 81.9-17600.0 ng g-1 dw). For metals, selenium
was found in all samples, mercury in 7, and arsenic, cadmium, and lead were not detected.
Geometric mean concentrations ot mercury and selenium were 0.1 and 1.2 pg g-1 dw, respec-
tively. Concentration levels of OCs and metals w ere below levels known to aftect
productivity in birds, excluding one egg with an elevated p.p'-DDE concentration. No trends
in depuration rates during the breeding season were found.
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PRrREDICTING HEARTWOOD DECAY IN APPARENTLY SOUND WESTERN
LARCH FOR SNAG RETENTION AND MANAGEMENT
Angela Daenzer, Department of Wildlife Biology, University of Montana, Missoula, MT 59812

Jack Ward Thomas, Emeritus- Boone and Crocket Professor of Wildlife Conservation, University \
of Montana, Missoula, MT 59812

Marcus Jackson, Plant Pathologist, USDA Forest Service-Northern Region Forest Health
Protection, P.O. Box 7669, Missoula, MT 59807

Since many cavity-excavating birds require heart rot, managers routinely emphasize
decayed trees in their snag retention prescriptions. Where too few trees are present with obvi-
ous indicators of decay, apparently sound trees are left to meet retention objectives. These
trees may also contain decay, and may ofter advantages in longevity and protection over more
extensively decayed trees. Better information regarding conditions and heartwood decay-
causing fungi important to heart rot in apparently sound trees would aid in retention decisions.
We combined data from the 2003 Westside Reservoir and Roberts Fire burns with data from
the USDA Forest Service Forest Health Protection’s 10-year western larch (Larix occidenta-
lis) merchantability study on the 2001 Moose Fire burn, all collected on the Flathead National
Forest. We used dissection data from 284 apparently defect-free fire-killed western larch to
predict the probability of heart rot related to tree age, diameter at breast height (dbh), eleva-
tion, aspect, habitat type, and heartwood-to-sapwood ratio. Fungi were isolated from trees
with heart rot and identified through DNA analysis. We isolated Stereum sanguinolentum,
Echinodontium tinctorium, Sistotrema brinkmannii, Antrodia serialis, Phellinus chrysoloma,
and Fomitopsis cajanderi from trees in the three burn areas. All variables tested were signifi-
cantly associated with probability of heart rot (i = 0.05). with age and dbh showing the high-
est predictive power through CART analysis. These preliminary findings support tree diameter
as a critical characteristic in retaining trees most useable to wildlife, as well as retaining heart
rot-causing fungi, which have undergone marked declines in other parts of the world.

FisH AND HERPETOFAUNA IN THE POWDER AND TONGUE RIVER BASIN
IN RELATION TO COALBED NATURAL GAS DEVELOPMENT

Windy Davis and Tiftany Holland, Montana State University, Montana Cooperative Fishery Re
search Unit, 301 Lewis Hall, Bozeman, MT 59717

The Powder River Basin in Wyoming and Montana is currently undergoing one of the world’s
largest coalbed natural gas (CBNG) developments. Potential exists for substantial effects on ripar-
ian and aquatic ecosystems because CBNG development involves production and disposal of large
quantities of coalbed ground water that differs from surface waters. We evaluated whether develop-
ment affects fish and herpetofauna in the Powder River Basin in Montana and Wyoming. The pur-
pose of the study was to determine if fish, amphibians, and reptiles were different in riparian areas
of streams with and without CBNG development. We sampled 20 sites on eight streams in areas
with development and 20 sites on eight streams in areas without development. Streams without
development were deeper (r-test; P = 0.04), but the mean depth was only 8.4 cm deeper, which
may not affect fish, amphibians and reptiles. Several fish metrics and an index of biotic integrity
were used to compare fish assemblages in relation to the status of development within a drainage
area. Streams in drainages with CBNG development on average had lower species richness than
those without development. There were no significant differences between sites with and without
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CBNG development in herpetofauna present (species richness, number of individuals, number of
northern leopard frogs).

SAGE GROUSE WINTER HABITAT SELECTION AND ENERGY
DEVELOPMENT

Kevin E. Doherty, David E. Naugle, and Brett L. Walker, Wildlife Biology Program. University of
Montana, Missoula, MT 59812

The recent surge in energy development has resulted in rapid and large-scale changes to west-
ern sage-steppe ecosystems without a complete understanding of its potential impacts to wildlife
populations. As part of a larger study investigating the impacts of coal-bed natural gas (CBNG) de-
velopment on greater sage grouse (Centrocercus urophasianus), we modeled female winter habitat
use in the Powder River Basin (PRB) of Wyoming and Montana to 1) identify landscape features
that influence sage-grouse habitat selection, 2) assess the appropriate scales at which selection
occurs, 3) spatially depict winter habitat quality in a geographic information system to ad in
conservation planning and 4) assess the eftfect of CBNG development on winter habitat selection.
Our findings highlight the need for landscape scale research to gain further insight into sage-grouse
ecology. The strength of habitat selection between sage grouse and sagebrush was strongest at a
1000-m scale showing that the abundance of sagebrush over a landscape scale 1s an important pre-
dictor of use by sage grouse in winter. We generated a new index of topography “roughness index™
which drastically out-competed all other topographic variables (wi ~1). Sage grouse avoided conif-
erous habitats and rugged landscapes at a 400-m scale. Our winter habitat model based on vegeta-
tion and topographic was validated by an independent data set of sage grouse winter locations (R*
=0.95). After controlling for vegetation and topography, the addition of a variable quantifying the
extent of CBNG development within | km indicated that sage grouse in otherwise suitable winter
habitat avoid CBNG development. This demonstrates that current strategies to mitigate impacts of
CBNG on wintering sage grouse populations are insufficient. Our spatially explicit habitat priori-
tization tools, when coupled with knowledge of bird movements and active lek locations provide a
biological basis for decision-makers to formulate an effective conservation strategy for sage grouse
in areas undergoing energy development.

BAT MORTALITY AT WIND FARMS: A SUMMARY OF RECE T
RESEARCH FINDINGS, AND MANAGEMENT IMPLICATIONS FOR
MONTANA WIND POWER DEVELOPMENT

Kristi DuBois, Native Species Coordinator, Montana Fish, Wildlife and Parks, 3201 Spurgin Road,
Missoula, MT 59855

Bat fatalities at wind turbines have been documented worldwide. including North
America. Annual mortality has been estimated to vary from < 2 to ~ 50 bats/turbine yr. Hoary,
red, and silver-haired bats appear to have the highest frequency of mortality. All three species
are migratory forest bats, even though mortality of these species has been observed at wind
turbines located in grassland habitats. Bats seem to be most vulnerable to collisions with
turbines during fall migration periods. Bats are long-lived species that have low reproduc-
tive rates, and low levels of mortality could have potentially high impacts on local popula-
tions. Pre-construction bat survey protocols for evaluating potential wind energy sites will
be described, including a review of current research efforts to evaluate the effectiveness of
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pre-construction bat detector surveys for predicting bat fatalities. Post-construction wind farm
monitoring protocols for documentation of bat mortality will also be reviewed. Effective bat
mortality monitoring may require more frequent monitoring intervals than those often used for
bird mortality. This presentation also summarized on-going research efforts by Bat Conserva-
tion International and others on potential mitigation measures and deterrents for bats at wind
farms. A list of web resources will be provided for those who wish to stay informed about the
latest information related to wind energy and bats.

AERIAL INVENTORY METHODS FOR GREATER SAGE GROUSE

John Ensign and Bernie Hildebrand, Montana Fish, Wildlife and Parks, P.O. Box 1630, Miles City,
MT 59301

Scott Hemmer, Montana Fish, Wildlife and Parks, P.O. Box 162, Broadus, MT

Concern has been expressed over the status and well being of sage grouse (Centrocer-
cus urophasianus) populations throughout their range; including southeastern Montana. The
potential for large scale energy extraction and development across much of sage grouse range
and its effect on sage grouse habitats and populations increases this concern. An accurate
inventory of population resources and where these resources exist is critical to assessing
population status. Successful mitigation of development impacts cannot occur without a com-
prehensive population inventory. Prior to 1999 there had been no systematic inventory of sage
grouse populations in Southeastern Montana FWP Region 7. Sage grouse population monitor-
ing consisted of annually surveying sage grouse lek activity on four trend areas and opportu-
nistically monitoring incidental “known™ leks and noting “new” lek locations. Sage grouse
winter area monitoring consisted of noting areas of concentration along seasonally accessible
roads. Until 1999 364 lek locations were identified within the 18,000 mi* of potential sage
grouse habitat in southeastern Montana. Beginning in 1999 systematic inventories for sage
grouse were 1nitiated. The region made a priority of locating leks and winter areas in unsur-
veyed habitat across the region. Aerial survey methods were deemed the most appropriate and
efficient approach towards this end. In the past 8 years 90 percent (16,000 mi?) of the potential
sage grouse habitat has been aerially surveyed and the number of known lek locations has
increased to 827. Presentation centered on techniques and use of aerial survey for sage grouse
population inventory and monitoring.

PRE-CONSTRUCTION EVALUATION OF PROPOSED WIND POWER
DEVELOPMENTS
Dennis Flath, Apex Environmental, 365 W. River Rock Rd, Belgrade. MT 59714

Al Harmata, Department of Ecology, Montana State University, P.O. Box 173460, Bozeman, MT
59855

Montana has a rich wind resource which could be potentially developed if transmission
capability issues are resolved. Wind energy is promoted as a ‘green alternative’ to traditional
sources such as fossil tuels and hydro. However, there is potential for impacts to locally
breeding and migrating birds through collisions with turbines, and increased fragmentation of
habitat. Pursuant to USDI Fish and Wildlife Service guidelines, a pre-development site evalu-
ation should be conducted at all potential wind sites, to determine if wind power develop-
ment is likely to cause avian (bird or bat) impacts at levels of concern. Working with agency.
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academic and industry personnel, we have developed a Potential Impact Index (PII) to evalu-
ate sites proposed for wind power development. The index incorporates physical attributes.
species occurrence, and ecological characteristics to assess the potential for wildlife impacts
by wind power development before construction. This presentation will include a discussion
of the potential impacts of wind power development on birds, explanation of the PlI, and its
application to pre-construction studies in Montana.

PARTITIONING HUMAN IMPACTS ON RiPARIAN - BIrD DISTRIBUTION
ALONG THE MADISON AND MISSOURI RIVERS, MONTANA

Robert J. Fletcher, and Richard L. Hutto, Avian Science Center, Division of Biological Sciences.
University of Montana, Missoula, 58912

Conservationists, managers, and land planners are faced with a formidable task of
needing to balance many issues regarding the impacts of humans on natural systems. While
numerous investigations have documented a variety of impacts, from over-grazing to housing
development, we know little about the independent ettects of human impacts on biodiversity.
This 1s unfortunate because managers and conservationists need such information to guide
ditficult decisions regarding where to allocate limited resources. Riparian forest habitats in
Montana illustrate this problem, where many potential stressors can aftect wildlife. We esti-
mated the relative effect of anthropogenic stressors on birds using 105 riparian forest patches
across three regions along the Madison and Missouri Rivers, Montana. We partitioned the
effects of grazing, invasive plant species, habitat loss and fragmentation, and development
and discuss the independent effects of each potential stressor on avian species richness and
the occurrence of 35 bird species. For instance, grazing intensity. invasive plant cover, and
under-story vegetation were all correlated, with high grazing intensity being positively cor-
related with invasive species cover, both of which were negatively correlated with the amount
of under-story vegetation. Much of the effects on bird distribution can be explained by nesting
and foraging substrates of these species. We end by providing recommendations on riparian
tforest management for Montana.

EVALUATING HABITAT RESTORATION USING BirRD COMMUNITIES:
A SPATIALLY EXPLICIT APPROACH AND APPLICATION TO
AQUATIC SYSTEMS

Robert J. Fletcher, Richard L. Hutto, and Amy Cilimburg. Avian Science Center, Division of
Biological Sciences. University of Montana, Missoula. MT 58912

Habitat restoration is one of the only alternatives for conserving biodiversity in threat-
ened landscapes. Biologists and managers are not only faced with restoring habitat, but also
with the critically important task of evaluating the potentially widespread effects of restora-
tion. Determining the success of restoration can be complex, however, because management
can have a variety of eftects on plant and animal communities. Here we describe the merits
of using information on bird communities collected at landscape scales to evaluate restoration
success. We illustrate this approach with an example from ongoing restoration at Odell Creek.
a small stream located near the Madison River, Montana. We identify the following advan-
tages to using bird communities for evaluating restoration success: 1) systematic data can be
collected easily and less expensively than for other vertebrates, because birds are the most
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visible and active vertebrates; 2) information can be rapidly gathered for dozens of species
across broad spatial scales; 3) collective effects of restoration can be integrated into informa-
tion on bird communities, such as effects on water quality, insect abundance, vegetation, or
microclimate; and 4) the identification of eftective indicators is highly probable because birds
vary widely in their requirements and life history strategies. Furthermore, sampling designs
that allow assessment of the spatial extent and magnitude of restoration effects can easily be
implemented. Our approach should help act as a springboard for initiating future restoration
on private lands, improving methods of restoration, and using existing data to predict restora-
tion potential.

INFLUENCE OF POST-FIRE TIMBER HARVEST ON BLACK-BACKED
Wo00ODPECKER NEST SURVIVAL AND NEST SITE SELECTION

Chris D. Forristal and Victoria A. Saab, Montana State University, Department of Ecology and
USDA Forest Service, Rocky Mountain Research Station, Bozeman, MT 59717

Jay J. Rotella, Montana State University, Department of Ecology, Bozeman, MT 59717

Post-fire timber harvest practices, i.e. post-fire salvage logging, on public lands are a
highly contentious issue in the western United States. Harvest of burned trees impacts a num-
ber of species, particularly those specialized for using post-wildfire habitats. We assessed the
effects of post-fire salvage logging on black-backed woodpecker (Picoides arcticus) nest sur-
vival and distribution within burned, mixed conifer forests of south-central Oregon. Multiple
treatment and control plots were surveyed two years pre-logging (2003-2004) and two years
post-logging (2005-2006). A total of 212 black-backed woodpecker nests were monitored
during the four year post-fire period, with nest densities peaking in year three. Nest survival
models containing temporal predictors (i.e. Julian date) performed better than those related to
salvage harvest or other habitat features. Similar to previous studies, our results indicate that
black-backed woodpeckers exhibit high overall nest survival (76.8%; range 67.9-83.6%) and
select nest sites with higher snag densities than non-nest random sites. Nest survival and den-
sity appeared unaffected by salvage logging, contrary to our predictions. Upon completion,
this project will supply agencies and managers with scientific data regarding post-fire habitat
conservation for a sensitive woodpecker species.
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CONSERVING THE PLAINS BisON: AN UNFINISHED CONSERVATION
LEGACY

Curtis H. Freese,  Northern Great Plains Program, World Wildlife Fund, PO. Bo 7276,
Bozeman, MT 59771

Keith E. Aune, Montana Fish, Wildhife and Parks, 1420 [ 6th Ave, Helena, MT 59620
Delancey P. Boyd, P.O. Box 1101, Redchtt, AB T0J 2P0, Canada.

James  N. Derr, Department of Veterinary Pathobiology, Texas A&M University, College Station,
TX 77843-4467

Steve C. Forrest, Northern Great Plains Program, World Wildlife Fund, PO Box 7276,
Bozeman, MT 59771

C. Cormack Gates. Faculty of Environmental Design, University of Calgary, C algary, AB,
Canada T6G 2C 1

Peter J.P. Gogan, U.S. Geological Survey Northern Rocky Mountain Science Center, P.0). Box
173492, Bozeman, MT 59717-3492

Shaun M. Grassel, Lower Brule Sioux Tribe, Dept. of Wildlife, Fish and Recreation, P ). Box 240,
Lower Brule, SD 57548

Natalie D. Halbert and Kyran Kunkel, Northern Great Plains Program. World Wildlife Fund,
1875 Gateway South, Gallatin Gateway, MT 59730

Kent H. Redford and Eric Sanderson. Wildlife Conser ation Socicty, 2300 Southern Blvd.
Bronx, NY 10460

Within the span of a few decades during the mid- to late-1800s bison (Bison hison) were
reduced by hunting and other factors to a few hundred individuals. The plight of the plains bi-
son led to one of the first major movements in  orth America to save an endangered species.
Attempts to hybridize cattle and bison when bison numbers were low resulted n extensive
cattle gene introgression in bison. Today, though approximately ~00,000 plains bison exist
in North America, few herds are free of cattle gene introgression. Small herd size, artificial
selection, cattle-gene introgression, and other factors threaten the diver ity and integrity of the
bison genome. In addition, the bison is for all practical purposes ecologically extinct across its
former range including Montana, with multiple consequences for grassland biodiversity. Ur-
gent measures are needed to conserve the wild bison genome and to restore the ecological role
ot bison in grassland ecosystems. Socioeconomic trends in the Great Plains, combined with
new information about bison conservation needs and new conservation initiatives by both the
public and public sectors, have set the stage for significant progress in bison conservation over
the next few years. We outline some of these new initiatives focusing on specific opportunitie
in Montana.
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THE USE or FECAL DNA 10 DESCRIBE THE GENETIC POPULATION
STRUCTURE OF THE GREATER YELLOWSTONE AREA BISON
wiTH MTDNA

Florence M. Gardipee, Fish and Wildlife Biology, The University of Montana, 32 Campus Drive,
Missoula, MT 59812

Michael P. O'Brien, Wildlife Biology, The University of Montana, 32 Campus Drive,
Missoula, MT 59812

Gordon Luikart and Fred Allendorf, Division of Biological Sciences, The University of Montana,
32 Campus Drive, Missoula, MT 59812

Bison (Bison bison) populations of Yellowstone National Park (YNP) and Grand Teton
National Park (GTNP) are the last remaining representatives of their wild, tree ranging ances-
tors. Knowledge regarding population structure is crucial to their conservation, and may have
important implications for understanding their ecology and evolution. Prior microsatellite
studies of YNP bison captured outside ot the park suggested the possibility of three subpopu-
lations. An expanded assessment of population structure and gene flow between GYA bison
populations through non-invasive fecal sampling, and the addition of mtDNA sequencing
could provide further insight. Non-invasive fecal sampling has been used, with a high degree
of success, in genetic studies of other ungulates. However, DNA amplification from fecal
samples can be challenging and result in high genotyping error rates. Variation in fecal DNA
quality and quantity, PCR amplification rates, and genotyping error rates from fecal samples
has not been assessed in bison. We evaluated the feasibility of fecal DNA sampling for genetic
analysis of wild bison populations. Variation in fecal mtDNA quality and quantity, PCR am-
plification rates, and sequencing error for bison fecal samples was evaluated. Sequencing of
the bison mtDNA control region was used to evaluate haplotype diversity, population struc-
ture between breeding groups among YNP, and between GTNP and YNP bison populations.
We found differentiation among breeding groups and a unique haplotype. Female philopatry
may play a significant role in population structure and gene flow in naturally regulated, free
ranging wild bison populations. Future studies using microsatellites could provide further
insight.

ELK BEHAVIORAL RESPONSES TO RE-ESTABLISHMENT OF WOLVES:
THE INDIRECT CONSEQUENCES OF LIVING IN A RisSky ENVIRONMENT

Claire N. Gower and Robert A. Garrott, Montana State University, Fish and Wildlife Management
Program, Department of Ecology, 310 Lewis Hall, Bozeman, MT 59717

P. J. White, Yellowstone Center for Resources, Yellowstone National Park. WY 82190

Steve Cherry, Department ot Mathematical Sciences, Montana State University,
Bozeman, MT 59717

It is well-documented that predators limit prey populations in many systems through
the direct killing and consumption of prey. What is less well studied and understood are the
indirect consequences of predators on the behavior of prey that are attempting to minimize
predation risk. We conducted an intensive telemetry-based study of the Madison-Firehole elk
(Cervus elaphus) herd and colonizing wolves (Canis lupus) in the central portion of Yellow-
stone National Park from 1991-2006 to test the prediction that wolves have altered various
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elk behavioral responses including group size, winter home range size, activity pattern , and
habitat selection. Prior to significant wolf reestablishment of the tudy area (1991-1997). we
randomly collected approximately 6000 elk locations, representing 5000 elk group with as-
soctated group size, activity budgets, and habitat selection attributes These data are compli-
mented by more than 5000 elk locations, representing 3500 elk groups and associated data
when wolves had an established presence in the study system from 1998 through 2006 After

wolt re-introduction elk that tormally lived in a predator-free environment for many decades
were subjected to varying levels of predation risk thus allowing us to investigate how these
behaviors change at difterent temporal and spatial scales. Comparison of pre-wolf and post-
wolt data demonstrates changes in elk behavior at a vanety of spatial and temporal scales;
presumably due to elk responses to predation risk. It 1s unclear whether these behavioral
changes resulted in decreased individual fitness or reductions in population vital rates; how-
ever, we hope that continued monitoring will provide additional insights as this predator-prey
system develops.

EFFECTORS OF ELK SUMMER HOME-RANGE S1ZE, MOVEMENT
AND TIMING OF FALL MIGRATION

Jamin L. Grigg and Robert A. Garrott, Montana Statec University, Fish and Wildlife Management
Program, Department of Ecology, 310 Lewis Hall, Bozeman, MT 59717

Kenneth L. Hamlin, Montana Fi h Wildlife and Parks, Bozeman, MT 59717

For decades. research has emphasized the effects of roads, trails, and human use of the
landscape on wildlife habitat availability and use. Historically. studies have assessed the im-
pacts of human perturbations on the landscape by analyzing relatively intfrequent VHF radio-
tracking data or by track and fecal surveys. The deployment ot 49 GPS radio-collars on adult.
female elk (Cervus elaphus) in the Madison Valley, Montana during the winters of 2004-2005
and 2005-2006 provided opportunity to look at elk movement on 30-min intervals over the
period of an entire year. Using the high-frequency of locations provided by these collars,
we estimated the effects of roads and trails on elk summer home-range size, movement on
30-min intervals throughout the year, and factors influencing the timing of elk departure from
their summer home-ranges and migration to winter ranges in the Madison Valley. Preliminary
results from the first year of data suggest that various levels of human access influence elk
movement differently at varying periods throughout the year, that there are regional differenc-
es in these effects, and that movement levels may not be a good indicator ot home-range size.
Varying levels of road and trail access during the hunting seasons appear to influence timing
ot elk departure from summer home-ranges, in combination with snow levels and regional dif-
ferences. Collection of the second year of collars in February, 2007 will provide substantially
more data and should help elucidate our understanding of influences on elk movement and
behavior on a year-long scale.
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WIiLDLIFE MEETS ENERGY BooM

Therese Hartiman, Oil and Gas Coordinator, Wildlife Division, Wyoming Game and Fish
Department, P.O. Box 850, Pinedale, WY 2941

The Upper Green River Basin is experiencing an energy boom beyond all expectations.
The Pinedale Anticline and Jonah fields are considered among the top five gas producing
fields in the U.S. Our nation’s voracious appetite for natural gas leaves Upper Green River
Basin area managers with the task ot balancing world-class wildlife populations with develop-
ing world-class gas fields. Environmental impact analysis is challenged to keep up with rapid
advances in technology and complex wildlife issues. Industry is currently proposing develop-
ment on the Anticline beyond 2025, based on today’s technology and estimated recoverable
gas reserves. The eftect of energy development on wildlife has already been significant. Wyo-
ming Game and Fish Department has been working collaboratively with industry and surface
managing agencies to address the issues. This presentation will reveal that there are no easy
choices and most obstacles are formidable.

CONSERVATION PLANNING ALONG MONTANA’S FRONT RANGE:
ARE WE CONSERVING THE RIGHT ECcosysSTEM CONDITIONS?

Jonathan Haufler, Amy Ganguli, Carolyn Mehl, and Scott Yeats, Ecosystem Management Research
Institute, P.O. Box 717, Seeley Lake, MT 59868

Conservation planning has at least two important levels that should be addressed if
conservation objectives are to be met. The first level is ensuring that lands remain in uses
capable of meeting the conservation objectives through purchases, easements, or other protec-
tion tools. The second level addresses if the existing conditions are appropriate to support
the conservation objectives, and if not, what changes are needed. Montana’s Front Range is
recognized for its high conservation value and has seen considerable effort to protect these
lands from development through easements. EMRI has been working with cooperating ranch-
ers to assess the existing ecosystem conditions in a delineated planning area along the Front
Range, and to compare these conditions to an historical reference. We developed a descrip-
tion of historical grass/shrub and riparian/wetland ecosystems in the area. We have conducted
field sampling of vegetation for the past two summers to compare to the historical reference.
The Front Range supports a very high diversity of plant species and is a critical area for many
wildlitfe species. Preliminary results reveal that non-agricultural grass and shrub ecosystems
are in good condition at the ecosystem level, but the riparian ecosystems have very high levels
of exotic species. Management that returns fire to the grassland ecosystems and that reduces
the levels of exotics in riparian areas is recommended.
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WoLF AND ELK PREDATOR-PREY DYNAMICS 1
BANFE NATIONAL PARK ALBERTA

Mark Hebblewhite, Wildlife Biology Program, Department of Ecosystem and Conservation
Sciences, University of Montana, Missoula, MT 59812

Wolves recolonized Banit  ational Park (B P) in the early 1980s, and quickly regained
their role as top carnivore for the primary prey species, elk. Research has established that wolf
predation is an important limiting factor for elk and moose, and was correlated with signifi-
cant elk population declines. Effects of wolf predation were also detected on other ecosystem
components in a fashion consistent with a top-down trophic cascade. However, whether
wolves can regulate elk to low density has not been addressed. | used wolf kill 1ates of elk,
wolf and elk densities measured during winter from 1985-2005 to test whether wolf preda-
tion regulated elk to low densities. I fit simple prey dependent and ratio-dependent models
to time series data to estimate the functional response of wolves to changes in elk den ity.

I used linear and non-linear models to estimate the numeric response of wolves to chan res

in elk density. Model selection methods were used to select the best functional and numeric
response models for wolves and elk. | then combined tunctional and numeric responses to es-
timate wolf predation rate as a function of elk density to identify dynamic equilibrium states.
Evidence suggests wolves can regulate elk to low densities in this multiple-prey system where
predator prey dynamics were largely driven by type Il prey-dependent functional response and
a Y-intercept in the numeric response. | compared kill-rates from Yellowstone . ational Park
and other areas to model predictions, and discuss the generality of these results across wolf-
elk systems.

PosTCARDS FROM THE EDGE: A SNAPSHOT OF THE EFFECT OF
Oi1L AND GAS DEVELOPMENT ON  LARGE MAMMALS IN
ALBERTA’S FORESTS

Mark Hebblewhite, Wildlife Biology Program. University of Montana, Missoula. MT 59 12.

Fiona Schmicgelow. Department of Renewable Resources, University of Alberta. Edmonton, AB.,
Canada. T6G 2E9

Stan Boutin, Department of Biological Sciences, University of Alberta, Edmonton, AB., .

Canada, ToG 2E9

Jacqui Frair. SUNY College of Environmental Science and Forestry, Syracuse, New York 13210

Gordon Stenhouse, Foothills Model Forest Grizzly Bear Project, Foothills Model Forest.
Hinton. AB. T7V 1X6

Cormack Gates. Faculty of Environmental Design, University of Calgary. AB.. Canada. T2N IN4

Energy development is the primary policy directive in Alberta. and as a re ult. oil and gas
impacts a variety of wildlife species. We provide a brief scientific review of the effects ot oil
and gas development on large mammal species in forest ecosystems in Alberta. Oil and gas
development can impact wildlife directly. for example through increased mortality or direct
habitat loss, or indirect, mediated by changes in other pecies uch as predators. Woodland
caribou in Alberta are declining and three populations are at risk of immediate extirpation.
Caribou sufter from direct loss of old growth forest from pipeline. road. seismic line and well
site clearings. direct disturbance from seismic blasting, and increased poaching and highway

< Intermountain Journal of Sciences, Vol 13. 0.4, 2007 167



mortality because of increased access. Caribou also sutfer indirect eftects such as increased
predator efficiency by wolves, which may increase predation rates. Grizzly bears sufter less
from direct habitat loss, and can actually be attracted to increased forage production in dis-
turbed areas. However, grizzly bears sufter the most from human caused mortality associated
with increased human access. Elk are similar to grizzly bears, except they suffer the indirect
ettect of increased wolf etficiency with increasing development. Some species, such as white-
tailed deer and coyotes, indicators of disturbed habitats, show signs of benefiting from ol

and gas development, further altering ecosystem dynamics. Mitigation strategies for reducing
negative effects of oil and gas are presented. However, a case study of the failure of the policy
process in Alberta to mitigate these eftects for caribou is presented, and recommendations for
Montana were discussed.

EFrFECTS OF COALBED NATURAL GAS DEVELOPMENT ON
HERPETOFAUNA IN THE POWDER RIVER BASIN

Tiffany D. Holland, Robert G. Bramblett, and Windy N. Davis, Montana Cooperative Fishery
Research Unit, Department of Ecology, Montana State University, P.O. Box 173460,
Bozeman, MT 59717

Coalbed natural gas (CBNG) development is expanding worldwide, yet the full ecologi-
cal impacts are unknown. Changes in water quality and surface disturbance associated with
CBNG development have potential to alter the herpetofauna present. We evaluated whether
development affects herpetofauna in the Powder River Basin in Montana and Wyoming.

The purpose of the study was to determine if herpetotauna was difterent in riparian areas of
streams with and without CBNG development. We sampled 20 sites on eight streams in areas
with development and 20 sites on eight streams in areas without development. Streams with-
out development were deeper (¢-test; 2= 0.04), but the mean depth was only 8.4 ¢cm deeper,
which may not affect amphibians and reptiles. There were no significant differences between
sites with and without CBNG development in water quality (stream conductivity, dissolved
oxygen, water temperature, pH) or herpetofauna present (species richness, number ot indi-
viduals, number of northern leopard frogs).

SuccEkss ofF GRizzLY BEAR POPULATION AUGME TATION IN
NORTHWEST MONTANA
Wayne F. Kasworm, USDI Fish and Wildlife Service, 475 Fish Hatchery Road. Libby, MT 59923

Michael F. Proctor, Department of Biological Sciences, University of Alberta, Edmonton, Alberta,
T6G 2E9, Canada

Christopher Servheen, USDI Fish and Wildlife Service, College of Forestry and Conservation. 309
University Hall, University of Montana, Missoula, MT, 59812

David Pactkau, Wildlife Genetics International, Box 274. Nelson, BC, VIL 5PY, Canada

The Cabinet-Yaak grizzly bear recovery zone is located in northwest Montana and
northern Idaho. The population has been estimated to be 30-40 grizzly bears. The Cabinet
Mountains portion of this area may be isolated from the remainder of the zone and was the
site of a test of grizzly bear population augmentation. Between 1990 and 1994, tour sub-adult
females (2-6 yrs old) were translocated from the Canadian Rocky Mountains of southeast
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British  olumbia into the Cabinet Mountains. one of the animals involved had any history
of conflicts with humans. The objectives of that experiment were to evaluate site fidelity,
reproduction, and long-term survival of the translocated bears. Three of the four transplanted
bears remained in the target area for | year or more and satisfied the short term goal for site
fidelity. Recent genetic evidence gathered through hair snagging efforts have determined that
at least one of the original transplanted animals remained in the Cabinet Mountains and has
reproduced thereby providing evidence of success for the long term goals of survival and
reproduction. This paper reports on the results of long-term monitoring of that experiment. We
also report on our use of D A hair-grab sampling to track survival and reproductive fate of
one translocated female.

ASPEN  HEIGHT, STEM-GIRTH AND SURVIVORSHIP IN AN AREA OF
HiGH UNGULATE USE

Richard B. Keigley, Rescarch Ecologist, U.S. Geological  Survey, Northern Rocky
Mountain Science Center, 632 Coulee Drive, Bozeman, MT 59718

Michael R. Frisina, Range-Habitat Coordinator, Montana Fish Wildlife and Parks, 1330 West
Gold Street, Butte, MT 59701

An increase in an ungulate population potentially exposes aspen suckers, saplings,
and trees to an increased level of use. This study examined how stem height and stem girth
influenced the selection of stems by ungulates for browsing, rubbing, and gnawing, and
reconstructed the history of ungulate use for the study area. Transects were run through each
of three aspen clones growing on the Fleecer Wildlife Management Area to determine the
height. circumterence, and surface area of stems injured by rubbing and gnawing. Stems in
the height range of 20 to 250-cm tall were browsed. Stems 2- to 13-cm diameter and greater
than 80-cm tall were preterentially selected for rubbing and gnawing. The area of exposed
xylem on dead saplings was 2- to 3 times the area of exposed xylem on live stems. There were
no live stems in the 76- to 349-cm height range. Based on an analysis of stem height and age.
ungulate use of the aspen clones was inferred to have increased from a light-to-moderate level
to an intense level in the early 1990s. We concluded that elk were primarily responsible. The
findings of this study have implications for aspen restoration programs and wildlife manage-
ment. Where ungulate numbers are high and aspen is desired, aspen should be protected from
browsing, rubbing and gnawing until stems reach about 13-cm diameter and have grown out
of the browse zone. In this study area, aspen would require about 25 yrs to grow to that size.

MONTANA WETLAND AND RIPARIAN  MAPPING CENTER

Gregory M. Kudray, Thomas Schemm, and Bryce A. Maxell. Montana Natural Heritage
Program, P.O. Box 201800, Helena, MT 59620-1800

A new wetland and riparian mapping center has been established for Montana that will
map to USDI Fish and Wildlife Service (USFW ) standards using the . 'ational Wetland
Inventory (NWI) and the System for Mapping Riparian Areas in the Western United States
classifications. Unlike most of the U.S., the  WI was never completed in Montana and our
equally important riparian areas also lack comprehensive mapping. All mapping follows
USFWS quality control procedures and will be incorporated into the "WI national geodata-
base after final  SFWS approval. Mapping data will then be available to the public through
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the USFWS NWI and the Montana Natural Resource Information System (NRIS) websites.
Mapping is delineated on year 2005 I-meter resolution color infrared aerial imagery. Field
verification follows to increase accuracy in problematic areas and to gather data about specific
sites of high ecological significance (this data is entered into our Natural Heritage database).
A guide to the vegetation, ecological functions, and management considerations of NWI types
is located at our www.mtnhp.org website with additional information to be added as mapping
continues. The mapping is dependent on partner funding and is ongoing in several areas of
Montana with etforts to secure more funding underway. Contact Greg Kudray at gkudray@
mt.gov or 444-0915 for additional information.

AT-SCALE ADAPTIVE MANAGEMENT IN RECOVERY EFFORTS
FOR P1PING PLOVERS ON ALKALI LAKES IN NORTH DAKOTA
AND MONTANA

Brian Martin, Northern Plains Program Director, The Nature Conservancy, 32 South Ewing,
Helena, MT 59601

Adam Ryba, Piping Plover Recovery Biologist, USDI Fish and Wildlife Service, Lostwood
National Wildlife Refuge, Kenmare, ND 58746

Eric Rosenquist, Land Steward, The Nature Conservancy, Cross Ranch Prescrve, 1401
River Road, Center. ND 58530

Recovery of threatened and endangered species requires managers to implement adaptive
management at scales sufficient to reverse declines. The Great Plains population of piping
plover was listed federally as a threatened species in 1985. Despite listing, the population con-
tinued to decline across the entire Great Plains until 1998 when the USDI Fish and Wildlife
Service and the Conservancy, in cooperation with state game agencies and private land-
owners, implemented a collaborative management and monitoring approach. This effort, in
combination with research on improving reproductive success and habitat quality, has resulted
in population growth in 6 of the past 8 years for alkali lake-associated birds. Management
to date has dealt primarily with addressing the primarily stress, altered predator communi-
ties. In 2005, we launched management that is designed to address the source of the stress
by eliminating artificial predator habitat and restoring fragmented landscapes favorable to
mesocarnivores. We also broadened the partnership for these efforts, gaining the financial sup-
port and focus of the Natural Resources Conservation Service. Results of this effort represent
implementation of adaptive management at-scale through a multi-partner approach.
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Doks ENzooTic PLAGUE AFFECT BLACK-FOOTED FERRET
SURVIVAL?

Marc R. Matchett, USDI Fish and Wildhfc Service, Charles M. Russell  ational Wildlife Refuge,
P.O. Box 110, Lewistown, MT 59457

Dean Biggins, U.S. Geological Survey, Fort Collins Science Center, 2150 Centre Ave., Building C.
Fort Collins, CO 80525

Valerie Kopeso, U DA Forest Service, Black Hills — auonal Forest, 2104 orth Maint St,
Speartish, SD 57783

Tonic Rocke, U.S. Geological Survey,  ational Wildlite Health Center, 6006 Schroeder Road,
Madison, WI 53711

Black-footed ferrets (Mustela nigripes) were first reintroduced in Montana in 1994 on the
UL Bend National Wildlife Refuge and later on the Fort Belknap Indian Reservation and on
Bureau of Land Management lands in Phillips  County. More than 500 ferrets have been
released and over 250 wild-born kits have been observed. Sixteen ferrets were known alive in
Montana in October, 2006. Fundamentally, small and tragmented complexes of black-tailed
prairie dog (Cvuomys ludovicianus) colonies provide limited habitat. Sylvatic plague, caused
by the bacteria Yersina pestis and vectored by fleas, can cause significant mortality in both
prairie dogs and ferrets. The etfects of epizootic plague are often dramatic with near 100 per-
cent prairie dog mortality across hundreds of acres within weeks, eliminating both prey and
habitat for ferrets. We hypothesized that enzootic plague. i.e. low, background levels ot the
disease, may also affect ferret survival. We conducted a manipulative, experimental investiga-
tion utilizing Deltamethrin dust to reduce flea populations and an experimental plague vaccine
in ferrets. Survival of released ferrets and resident wild-born animals was monitored on
comparable dusted and non-dusted prairie dog colonies. Half of all resident ferrets and half of
all released animals were vaccinated against plague. Results from logistic regression analysis
of data from 137 ferrets, spanning 222 survival intervals, provided the first direct evidence
that enzootic plague decreases ferret survival. Plague and maintenance of sufficient habitat
continue to present significant challenges for recovery of endangered black-footed ferrets.

ASPEN RESTORATION BY BEAVER ON  YELLOWSTONE’S NORTHERN
RANGE

Samucl D. McColleyand Bok Sowecll, Montana State University, Department of Animal and Range
Sciences, P.O. Box 172900, Bozeman, MT 59717

Dan Tycrs, USDA Forest Service, Gallatin - ational Forest, Gardiner Ranger District. P.O. Box 5,
Gardiner. MT 59030

Aspen (Populus tremuloides) on the Gardiner Ranger District of the Gallatin - ational
Forest have declined in recent years. In 1991 beaver were reintroduced into Eagle Creek to
stimulate aspen suckering and create more riparian areas. In 2005 a study was initiated to test
the hypothesis that beaver increased aspen density and recruitment. We compared active bea-
ver sites (n = 6). sites abandoned for 1-3 years (n = 7), sites abandoned for 4-6 years (n = 4).
sites abandoned for 7-11 years (7 = 5) and control sites which had less then 10 percent beaver
utilization (n = 3). Thirty I-m2 plots were used to determine aspen density and one 60-m2
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belt transect was used to calculate size class distributions at each site. Comparisons between
sites were made using ANOVA for unequal sample sizes. Aspen densities in active sites and
sites abandoned for 1-3 years were similar (2.6/m?) and increased (£ = 0.01) compared to all
other sites (1/m?). New sprouts and saplings were greater (P = 0.01) on active sites and sites
abandoned 1-3 yrs compared to all other sites. Sites abandoned by beaver from 4-11 yrs failed
to increase aspen recruitment. We concluded that beaver activity stimulated aspen growth, but
ungulate herbivory prevented aspen regeneration in Eagle Creek.

SNOWSHOE HARE ABUNDANCE, DISTRIBUTION, AND HABITAT USE IN
GLACIER NATIONAL PARK
L. Scott Mills, Wildlife Biology Program, University of Montana. Missoula, MT 59812
Karen E. Hodges, University of British Columbia Okanagan, Kelowna, B.C. VIV V7, Canada
Ellen Cheng, Wildlife Biology Program, University of Montana, Missoula, MT 59812

Glacier National Park supports a population of the federally Threatened Canada lynx
(Lynx canadensis), but little is currently known about their principal prey in Glacier, snow-
shoe hares (Lepus americanus), that makes it difficult to assess which habitats in the Park
may be suitable for lynx. In summer 2005 we implemented a 3-yr study on snowshoe hare
abundance, distribution, and habitat use in Glacier with a secondary objective of developing a
non-invasive genetic sampling approach that could be of general benefit to National Parks ini-
tiating monitoring programs. Our data to-date suggested that snowshoe hare populations are
patchily distributed throughout Glacier National Park. There was little or no evidence of hares
in >60 percent of the forested sites we surveyed. The highest hare densities we recorded in the
Park occurred near the Two Medicine area in the Park’s southeast corer, and in the post-burn
regeneration from the 1988 Red Bench fire in the Park’s northwest corner. Snowshoe hare use
of post-fire regeneration from the 1988 burns is highly variable. Although our two highest
hare density sites occurred in these burns, halt of our study sites in the 1988 burns had little
or no evidence of snowshoe hares. A non-invasive genetic sampling approach shows potential
for providing reliable hare density estimates in difficult-to-access areas of relatively high hare
densities (>1 hare/ha). However, at the lower hare densities found throughout much of Glacier
National Park, our current non-invasive sampling methods do not yield sutficient pellets for
reliable mark-recapture density estimation.
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INFLUENCE OF PACK Sizg, DEMOGRrAPHY, AND HiMAN CAUSED

MORTALITY ON  BREEDING PAIR OF WOILVES INTHE NORITHERN
RoOCKY MOUNTAINS

Michacl S Mitchell and David E. Ausband, US Geological  Survey, Montana Cooperative Wild
lite Rescarch Unit, 205 Natural  Sciences Building,  University of Montana, Missoula, MT 59K12

Carolyn A. Sime, Montana Fish, Wildlife and Parks, 1420 E 6th Ave., Helena, MT 59620 Edward E.
Bangs, USDI Fish and Wildhite  Scervice, 585 Shepard Way, Helena, MT 59601

Michacl Jimenez, USDI Fish and Wildlife Service, Helena, MT 59601

Curt M. Mack, Gray Wolt Recovery Project,  nez Perce Tribe, P.O. Box 1922, McCall, 11 8363¥

Thomas J. Mcier, USDI National Park Scrvice, Denali - National Park and Preserve, Denali Park,
AK 99755

M. Steve Nadeau, Idaho Department of Fish and Game. 600 S., Walnut, Bose, 11 83707

Douglas W. Smith, Yellowstone Center for Resources. P.O. Box 168, Yellowstone National Park,
WY 82190

The breeding pair is the reproductive unit within a wolt (Canis lupus) population, and is
the legal and biological benchmark for wolf management. Management of the recovered wolf
population in the northern Rocky Mountains (NRM) requires monitoring breeding pairs. Be-
cause pack sizes are easier to monitor than breeding pairs, we estimated the probability a pack
would contain a breeding pair based on its size for wolf populations inhabiting six areas in the

"RM. We also evaluated the extent to which ditterences in demography of wolves and levels
of human-caused mortality among the areas influenced the probability packs of different sizes
would contain a breeding pair. Probability curves differed among the analysis areas. depend-
ing primarily on levels of human-caused mortality and secondarily on population grow th
rate; population size and recent changes in population growth had little etfect. Breeding pair
probabilities were more uniformly distributed across pack sizes in areas with low levels of
human mortality and stable populations. Probabilities were skewed towards large pack size
in areas with high levels of human-caused mortality and high growth rates: small packs had
little reproductive success. Our approach can be used by managers to estimate the number of
breeding pairs in a population where number of packs and their sizes are known. Following
delisiting of  NRM wolves, human-caused mortality could increase. resulting in more small
packs with low probability of breeding success: monitoring of breeding pairs will provide
more accurate insights into population dynamics of wolves than will monitoring number of
packs or individuals.
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BLM’S DEVELOPMENT OF AN APPROACH TO MONITORING
REGIONAL-SCALE ImpACTS OF ENERGY DEVELOPMENT ON WILDLIFE

Brendan J. Moynahan, USDI Burcau of Land Management, Grand Junction Field Office, 2815 H
Road, Grand Junction, CO 81506

The USDI Bureau of Land Management’s (BLM) monitoring related to wildlife and
energy development is generally focused on compliance and effectiveness monitoring at the
local lease level. This focus brings etficiency and direction to local energy programs, but does
not allow monitoring of species and habitats at larger scales. Because many species have habi-
tat requirements or ranges well beyond localities where energy development occurs, analysis
of monitoring information should occur on a corresponding scale. BLM’s regional-scale
monitoring activities must involve shared information and application over multiple plan-
ning areas, Field Offices or State Oftfices. Regional information alone will not be sufficient to
determine effectiveness of local mitigation measures, improve cumulative impact analysis, or
track landscape changes over time. However, a comprehensive regional approach that incor-
porates local monitoring information can improve understanding of the circumstances under
which land-use changes influence health and condition of expansive or dispersed habitats and
wide-ranging species. The BLM is developing a process to monitor regional effects of energy
(primarily oil and gas) exploration and development on wildlife species and habitats. BLM
has contracted development of two regional monitoring approaches—in northwest Colorado
and on Alaska’s North Slope; each will be independently developed from a common theoreti-
cal framework. After completion of the contracted products, BLM will select the strongest el-
ements to assemble and implement a single national program for regional wildlife monitoring.
This regional approach could also be utilized in addressing cumulative impacts and species
conservation planning in support of decision-making in land use planning, NEPA documenta-
tion, and ESA compliance.

WEST NILE VIRUS AND GREATER SAGE GROUSE

David E. augle, Brett L. Walker, and Kevin E. Doherty, Wildlifc Biology Program, University of
Montana, Missoula, MT 59803

West Nile virus (WNv) has emerged as a new issue in conservation of native avifauna in

orth America. Mortalities from WNv decreased survival of female greater sage grouse (Cen-
trocercus urophasiamuis) by 25 percent across tour populations in Wyoming and Montana,
USA., and Alberta, Canada. Findings are troubling because survival of adult females is a limit-
ing factor in population growth, and losses from WNv come at a time of year when survival
typically is high. An outbreak of WNv in 2003 resulted in the local extirpation of a ~130-km?
area in the Powder River Basin (PRB) in northeast Wyoming. In 2004 W v spread to popula-
tions in Colorado and Calitfornia, and female survival was 10 percent lower (86%) at four
sites with confirmed WNv mortalities than at eight sites without. Mortality from W v was ~2
percent in 2005 in the PRB in Montana and Wyoming, and decreased prevalence of infec-
tion and mortality in sage grouse, humans, and horses left many wondering if the worst had
passed. Unfortunately, mortality from WNv increased again in 2006 in the PRB as hot tem-
peratures returned, and three more states reported mortality for the first time (Oregon, Idaho
and Nevada). In separate trials at the Wyoming State Veterinary Laboratory, all sage grouse
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(n = 44) experimentally infected with WNv died in 6-8 days regardless of dosage, thus con-
firming extreme susceptibility to this disease. In 2003 and 2004 in the PRB, all live-captured
birds tested seronegative for neutralizing antibodies to WNv. In spring 2005 and spring 2006,
10.3 and 1.8 percent, respectively, of newly-captured females tested seropositive and repre-
sented the first documented cases of sage grouse surviving infection with WNv. However, a
consistent pattern of low WNv-related mortality in summer followed by low seroprevalence
the following spring in all years suggests that, to date, only ~14 percent of sage grouse in the
PRB have been infected. Naturally low infection rates and survival of sage grouse following
WNv suggested that most sage grouse in the PRB have not yet been exposed to the virus and
remain susceptible. For sage grouse, severity of future WNv epizootics in the PRB will likely
depend more on temperature and changes in vector distribution than on resistance to disease.
Until we better understand epizootiology of WNv in sage grouse habitat, we suggest that
management to reduce its impacts focus on eliminating man-made water sources that support
breeding mosquitoes known to vector the virus.

ImpaCTS OF O1L EXPLORATION AND PRODUCTION TO
WATERFOWL PRODUCTION AREAS MANAGED BY THE
USDI Fist AND WILDLIFE SERVICES NORTHEAST MIONTANA
WETLAND MANAGEMENT DistrICT (WMD)
Karen J. Nelson, USDI Fish and Wildlife Service, 585 Shepard Way, Helena, MT 59601
Jon C. Reiten, Montana Burcau of Mines and Geology, Billings, MT
Mike Rabenberg, USDI Fish and Wildlife Service, Medicine Lake, MT

The Northeast Montana Wetland Management District (WMD), manages 44 Waterfowl
Production Areas (WPA). Mineral estates were reserved when these parcels were purchased
resulting in numerous oil wells on WPAs (several WPAs have wells located < one half mi of
a WPA wetland). These WPAs are located in the continuation of the prairie pothole region of
the Dakotas, as well as the Williston Oil Basin, which is Montana’s top oil producing area.
The dominant waste product from the oil production process is produced water, and this basin
contains some of the most saline water in the United States. otten > 300,000 ps/cm specific
conductance. Disposal of drilling wastes and produced waters occurred in unlined reserve pits
until the late 1970s when liners were required. Based on average pit size and conservative
chloride concentrations, an estimated 260 tons of sodium chloride salts are present in each pit.
This research was conducted to address concerns over migration of salts from reserve pits into
wetlands on WPAs. Produced water impacts were documented in half of 80 wetlands sampled
on 23 WPAs. Saltwater plumes migrating out of reserve pits were delineated using an EM-31
soil conductivity meter and a Trimble GeoXT and mapped using ArcGis. Monitoring wells
installed within the mapped plumes to determine water quality revealed that sodium chloride
brines and to a lesser extent, trace elements and hydrocarbons had migrated out of the reserve
pits. Further, some of these constituents migrated to nearby wetlands.
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HABITAT AND SUBDIVISION GROWTH MODELS FOR PREDICTING PAST
AND FuTture HABITAT LOss FROM RURAL SuBDIVISION DEVELOPMENT

Tom Olenicki. Craighcad Environmental Rescarch Institute. 201 S. Wallace, Suite B2D.
Bozeman, MT, 59715

Rural subdivision development is perhaps the greatest current threat to wildlife habitat
in MT and throughout the west. In order to plan for these changes, it is important to identify
existing significant habitat, determine where subdivision development will most likely occur,
and determine how future development will reduce living habitat and connectivity for wild-
lite. Using Gallatin County, Montana, as an example, | used a suite of focal species models
to categorize current wildlife habitat and coupled the output with a subdivision growth model
developed by the Sonoran Institute to estimate changes from 1975 to current and to predict
future losses from now until 2015 and 2025. The strength of the habitat models I developed
for grizzly bears, elk, and antelope lies in their use as focal species to identify specific habitat
assemblages and the scale of output. They are sensitive to placements of roads and structures
and can predict how different configurations within subdivisions can influence habitat quality
and permeability. This ability has been enhanced by vegetation classification of color or-
thophotos to produce more accurate and finer-scaled model output. Predictive changes using
the growth model are at a quarter-section scale, summing up cumulative change and trends
over larger areas. Tools such as these may be helptul for guiding the amount, specific con-
figuration, and placement of growth, thus maintaining important areas and reducing wildlife-
human conflicts.

RELATIONSHIPS AMONG MOOSE ABUNDANCE, WiILLOW COMMUNITY
STRUCTURE AND MIGRATORY LANDBIRDS AT RED ROoCK LAKES
NATIONAL WILDLIFE REFUGE

Megan O'Reilly, Department of Ecology, Montana State University, P.O. Box 173460,
Bozeman. MT 59717

Karen R. Newlon and Jeffrey M. Warren. Red Rock Lakes National Wildlife Refuge. USDI Fish
and Wildlife Service, Lima. MT 59739

Critical relationships exist between vegetation structure and avian diversity and abun-
dance. Browsing by herbivores can lead to changes in the structural heterogeneity and species
composition of plant communities, resulting in decreased use of heavily browsed habitats by
avian species. We assessed the current levels of browse by moose and resulting effects on
composition and structure of willow communities on Red Rock Lakes National Wildlife Ref-
uge in southwestern Montana. We also determined abundance and community composition of
breeding landbirds in these habitats and related these to willow structure. Bird counts and veg-
etation sampling were conducted along two riparian corridors and one fen habitat during the
summer of 2006. Measurements indicate current levels of moose browsing on the Refuge are
low to moderate. Species composition of willow communities varied between riparian and fen
habitats and contributed to differences in willow volume and structural heterogeneity. Five
species of birds (Yellow Warbler, Common Yellowthroat, Lincoln's Sparrow, White-crowned
Sparrow and Song Sparrow) were used for examining relationships between avian abundance
and willow vegetation characteristics. Of these species. only White-crowned Sparrow and
Yellow Warbler demonstrated habitat selection based on willow vegetation characteristics
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quantified. Common Yellowthroat, Lincoln’s Sparrow, and Song Sparrow were best predicted
by habitat type. Thus, consideration of other habitat characteristics such as herbaceous cover
and bare ground should be considered in future management objectives. Additional vegetation
sampling in conjunction with improved monitoring of moose populations utilizing the Refuge
will allow managers to make informed decisions concerning moose harvest limits and conser-
vation of willow communities.

Inior WinND: THE Wispom or Bos DyLAN!

Daniel H. Pletscher, Wildlife Biology Program — University ot Montana Missoula, MT 59812

Former Congressman Pat Williams told us at last year’s Montana  Chapter meeting that
we—wildlife biologists in Montana—have won. As evidence, he stated that logging on public
lands is down, that grazing isn’t the issue it once was, and that economic growth in Montana
1s greatest near public lands and wilderness. I suggest and provide evidence that this could
just as easily be evidence that we’ve lost—or at least are losing. In addition, global warm-
ing, resource shortages, oil and gas development, subdivision, human population growth, a
volatile political climate, and lax zoning regulations challenge us today and will vex future
generations of wildlife biologists. The  North American Model of Wildlife Conservation is an
excellent history of how we achieved success in the past and sometimes achieve success today
but will be woetully inadequate, by itself, to address these and other emerging issues. New
alliances with those sometimes viewed as traditional foes and first-time battles with those
sometimes viewed as traditional allies will be necessary in the fight to save wild areas and
wild things.

"*What's good is bad, what's bad is good, you'll find out when you reach the top.
You're on the bottom.” — Bob Dylan

THE EFFecTs OF HiIGHwAYS ON  ELK HABITAT IN  THE WESTERN
UNITED STATES AND PROPOSED MITIGATION STRATEGIES

Bill Ruediger, Wildlife Biologist, Wildlite Consulting Resources (Retired USDA Forest Service),
1216 Creek Crossing, Missoula, MT 59802

Ken Wall and Robin Wall, Geodata Services. Inc., 104 South Ave. E., Missoula, MT 59801

The project’s purpose was to assess the ettects of highways in the Western United States
on elk (Cervus elaphus) and elk habitat. Elk are an important wildlife resource in the Western
United States and have significant social and economic values. Elk also are a focal species for
most western state wildlife agencies and land management agencies. The authors quantified
the existing direct and indirect eftects pt highways on elk habitat on a state-by-state basis and
propose mitigation measures based on the impacts. The results will have widespread implica-
tions to state wildlife agencies, land management agencies, transportation agencies. conserva-
tion groups and the general population that is concermed about elk conservation. The authors
also quantified elk mortality on highways and provide recommendations to mitigate elk mor-
tality, habitat loss and improve highway safety for motorists. The project was supported by the
USDA Forest Service and Rocky Mountain Elk Foundation.
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CLIMATE TRENDS AND ECOSYSTEM RESPONSES IN MONTANA

Steven W. Running, Director, Numerical Terradynamic Simulation Group, Dept. of Ecosystem
Sciences, University of Montana, Missoula, MT 59812

Although global warming trends are widely acknowledged around the world, substantial
climate change is already occurring in Montana. The most obvious trend in Montana of the
last 50 yrs is late winter warming and earlier spring snowmelt. This climate trend is generat-
ing longer growing seasons AND longer wildfire seasons. Impacts on Montana terrestrial and
aquatic ecosystems are only now beginning to be noticed. This talk will summarize global, re-
gional and Montana climate trends and some critical ecosystem responses now being detected,
and speculate on where the biosphere will go from here.

THE ROLE ofF THE USDI FisH AND WILDLIFE SERVICE IN
PERMITTING ENERGY DEVELOPMENT IN MONTANA
Shawn Sartorius, Fish and Wildlife Biologist, USDI Fish and Wildlife Service, Billings, MT 59101

The National Energy Policy was codified in 2005 by the Energy Bill of that year. The
goal of the legislation was to decrease U.S. dependence on foreign energy supplies by increas-
ing U.S. production, efficiency, and use ot alternative fuels. As part of the effort to increase
domestic oil and gas production, an Energy Pilot Project was initiated to streamline oil and
gas exploration and production permitting on Federally owned mineral estate. This project
provided money to key BLM Field Offices in the West for staft that would be dedicated to
permitting oil and gas projects in a timely manner. Money was also appropriated for person-
nel in supporting agencies with regulatory authority over oil and gas projects. The USDI Fish
and Wildlife Service has added staft, often co-located in USDI Bureau of Land Management
(BLM) Field Offices to coordinate endangered species consultation and other aspects of wild-
lite management required by statute. In Montana, there are numerous challenges facing wild-
life and land managers in the Powder River Basin of southeastern Montana as they cope with
increasing extraction of coal bed methane gas reserves. The USDI Fish and Wildlife Service
continues to engage with all interested parties to find solutions to these complex challenges.

EvVALUATING IMPACTS OF NATURAL GAS DEVELOPMENT ON
MUuULE DEER IN WESTERN WYOMING

Hall Sawyer, Ryan Nielson. Dale Strickland, and Lyman McDonald, Western Ecosystems
Technology. Inc.. Cheyenne, Wyoming 82001

Increased levels of natural gas exploration, development, and production across the
Intermountain West have created a variety of concerns for wildlife populations and their habi-
tats. In July of 2000, the USDI Bureau of Land Management approved development ot 700
producing wells, 400 miles of access roads, and 276 mi of pipeline to develop gas reserves in
the Pinedale Anticline Project Area (PAPA). The PAPA provides important winter habitat to
4000-5000 mule deer that summer in portions of four different mountain ranges of northwest
Wyoming. We used a variety of data collected prior to and during gas development to exam-
ine the potential impacts of natural gas development on mule deer in the PAPA. We discuss
results from the first S years of gas development, including 1) estimated acreage and sources

178 & Intermountain Journal of Sciences, Vol. 13, No. 4, 2007



of direct habitat losses, 2) changes in mule deer habitat selection patterns and indirect habitat
losses, and 3) population performance of mule deer in the PAPA. Through 5 yrs of gas de-
velopment we documented: 1) > 1,300 acres of direct habitat losses to access roads and well
pads, 2) changes in deer distribution, i.e., avoidance of gas wells, and 3) a 45-percent reduc-
tion in mule deer abundance. Our study uggests that habitat selection patterns and population
performance ot mule deer wintering in the PAPA have been aftected by natural gas devel-
opment. Mitigation measures designed to minimize impacts to wintering mule deer should
consider development strategies that reduce direct habitat losses (e.g.. directional drilling) and
human activity, e.g., fluid collection systems. Further, reducing disturbance to wintering mule
deer may require approaches that limit human activity during both production and develop-
ment phases ot wells.

ASSESSING FISHER DISTRBUTION AND CONNeCTIVITY IN The U.S.
Rocky MOUNTAINS USING NON-INVASIVE GENETIC SAMPLING

Michael K. Schwartz, USDI Forest Service, Rocky Mountain Rescarch Station, 800 E. Beckwith
Ave., Missoula, MT 59801

In 2004 the USDI Fish and Wildlife Service responded to a petition to list the West Coast
Distinct Population Segment (DPS) of fishers under the ESA. They ruled that the West Coast
DPS was “warranted. but precluded” by higher priorities. Fisher are apparently rare in the
West Coast, yet they are common in the Northeastern and Midwestern portions of the United
States: over 2000 fisher are legally trapped in Maine, ew York, and Minnesota each year. In
the Rocky Mountains, the only other area of the United States that has fishers, there is little
information regarding their distribution and population status. Idaho conters fisher its highest
level of protection by listing the species as “critically imperiled” and a Species of Greatest
Conservation Need under its Comprehensive Wildlife Conservation Strategy. Given recent
management concern regarding fishers, multiple agencies. institutions, and organizations have
recognized the need to obtain some basic information in the Rocky Mountains. Of primary
interest 1s determining the geographic range of this species within the Rocky Mountains.
Current available maps are either too general, e.g., brushstroke maps, and thus contain habitat
that 1s not currently occupied by fisher, or are based on untested habitat relationships or un-
screened sighting data. This talk will describe a large-scale, multi-institution eftort currently
underway to delineate the geographic range of fisher using non-invasive genetic sampling. In
addition, preliminary genetic data on the population structure of fishers in the Rocky Moun-
tains will be presented.

SURvVIVAL COSTS OF REPRODUCTION DURING THE HUNTING SEASON
GREATER SAGE GROUSE: A CASE STUDY IN  CENTRAL MONTANA
Jenny Sika, Montana Fish, Wildlife and Parks, 1400 S. 19th Ave.. Bozeman, MT 59718
Jay Rotella. Ecology Department, Montana State University, 310 Lewis Hall. Bozeman, MT 59717
Jay Newell. Montana Fish, Wildlife and Parks. 1425 2nd St. West. Roundup. MT 59072
Direct investigation of how harvest affects population vital rates and population growth,
and the magnitude of harvest etfects relative to other sources of mortality, is needed for

informed management of harvested species. Greater sage grouse (Centrocercus uropha-
sianus) are a species of concern and are still legally harvested in most of their current range,
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including Montana. Due to uncertainty about the impact of harvest on vital rates and about
the relative importance of harvest compared to other sources of mortality for sage grouse, we
implemented a case study to simultaneously compare survival rates between adjacent hunted
and nonhunted sites and to evaluate nonhunting factors influencing survival during the hunt-
ing season. We monitored the reproductive activity, survival rates, and causes ot mortality of
females using radio-telemetry in central Montana during 2004 and 2005. We included year,
within-season variation, site, female age, and the cost of reproduction as covariates in our sur-
vival analysis. Female survival during the hunting season was lower for females with greater
reproductive investment, and females on the hunted site had lower survival than females on
the nonhunted site. However, lower survival rates on the hunted site could not be attributed
to hunter kill, because no radio-marked females were bagged or reported by hunters and no
evidence of hunter kill was observed. During this study, harvest appeared to be low in central
Montana and appeared to have little impact on the population, especially relative to other
mortality causes that were identified. Our results indicated costs of reproduction to survival.

DISTRIBUTION OF SWIFT FoX IN THE PROPOSED VALLEY COUNTY
WIND ENERGY PROJECT AREA IN NORTHEAST MONTANA
Joanne E. Stewart, Montana Fish, Wildlife and Parks, 54078 U.S. Hwy 2 W, Glasgow, MT 59230
Victoria Moffett, P.O. Box 161371, Big Sky, MT 59716
Elizabeth Ausband, 925 S. Grant Street, Missoula, MT 59801

The initial stage of developing mitigation measures to minimize the impacts of energy
development to wildlife is determining their distribution and abundance within the project
area. We conducted a swift fox mark-recapture survey in the proposed Valley County Wind
Energy Project (VCWEP) and surrounding area located approximately 30 miles north-
northwest of Glasgow, Montana. Previous surveys have shown that swift fox have expanded
into north-central Montana from Canada following reintroductions in southern Alberta and
Saskatchewan. However, the extent of swift fox distribution within the proposed VCWEP and
surrounding area was unknown. In 2005 and 20006, we systematically trapped 6 townships
using Tomahawk live traps. We captured 4 swift fox in 2005 (2 adult males, | adult female,
and I juvenile female) and 32 swift fox in 2006 (9 adult males, 10 adult females, 8 juvenile
males, and 4 juvenile females) with capture rates of 1.3 percent and 14.5 percent, respectively.
Within the VCWEP wind turbine footprint, we captured two swift fox in 2005 and six swift
fox in 2006. This study determined that swift fox occupy the proposed VCWEP and sur-
rounding area and provided information to aid the development of mitigation measures. The
difference in capture rates between the two study years emphasizes the importance of multiple
years of predevelopment data.

OFF-SITE AND/OR COMPENSATORY MITIGATION IN RELATION TO
LARGE SCALE DEVELOPMENT
Dan O. Stroud, Habitat Mitigation Biologist, Wildlife Division, Wyoming Game and Fish
Departiment. P.O. Box 850, Pinedale, WY 82941

Several full-field developments, coupled with a USDI Bureau of Land Management
(BLM) Field Office area with moderate to high potential for gas development in an area
which maintains a world-class wildlife resource, has prompted the need for landscape scale
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planning. In-fill development within the Jonah Field has led to companies providing com-
pensatory mitigation funds in order to mitigate for impacts within the field that could not be
avoided. Added development should necessitate the need for a landscape scale mitigation
plan to identity how development should occur within the Upper Green River Basin; and

how wildlife issues and mitigation funds should be utilized in order to address impacts and
maintain wildlife resources. Development within SW Wyoming has prompted additional plan-
ning in the form of a SW Wyoming Landscape Initiative designed to examine these issues in
a larger context. This paper will discuss mitigation needs on a landscape scale, as well as pro-
vide an update on a newly formed interagency oftice, was formed to address mitigation needs
in relation to the associated development, primarily as it relates to those issues and species
impacted in the Jonah Field. Finally, some discussion focused on planning needs that were not
being addressed.

WyoMING MITIGATION CONCEPTS

Dan O. Stroud, Habitat Mitigation Biologist, Wildlife Division, Wyoming Gamc and Fish
Department, P.O. Box 850, Pincdale, WY 82941

Energy has and continues to be one of Wyoming’s primary economic engines: now
perhaps more than ever. Currently, major development areas cover approximately 25 percent
of the land area in the state. Within these areas, there are approximately 44,000 active wells,
out of the 59,000 statewide. Some of these areas are currently going through the permitting
process to greatly increase the amount of natural gas development. This increased develop-
ment could easily be sustained over the next 30 years. Since most of this development also
overlaps important wildlife habitats, it has forced the Wyoming Game and Fish Department
to become proactive in dealing with these impacts and new approaches to mitigation. Some
of these include 1) Working proactively with industry on individual plans to minimize and
mitigate fish and wildlife impacts, 2) Working collaboratively with the BLM on the develop-
ment plans, and on their Resource Management Plans to provide for greater consideration
tfor wildlite, 3) Supporting the addition of a new otfice (Jonah Interagency Office) funded by
industry, which will oversee and guide off-site mitigation, 4) Support for the hiring of an oil
and gas coordinator in Pinedale, WY with funding provided by BLM and USFS, 5) Funding
an Oil and Gas Coordinator Position in NE Wyoming, and 6) Working with our agency stafl’
in terms of Department organization to shift personnel duties to address the issues associated
with development. While all of these efforts have been somewhat ettective. there is still a
need for additional personnel time to address the expanding issues.

A REVIEW OF ENERGY DEVELOPMENT IN MONTANA;
THE How, WHAT AND WHY

Dale Tribby, Supervisory Natural Resource Specialist, USDI Bureau of Land Management. Miles
City Field Office, 111 Garry Owen Road, Miles City, MT 59301

Energy development may result in significant changes to Montana’s landscape, especially on
the plains of eastern and central Montana. This has resulted in questions as to the impact of these
energy related activities on Montana’s wildlite resources. To answer this question, we must first
understand how much activity is currently permitted, what stipulations are attached to leases and
how are Best Management Practices applied. In addition, through the Energy Act of 2005, pilot
otfices were established including one office in Montana (Miles City). What does it all mean?
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A SYNOPSIS OF THE DRAFT SUPPLEMENTAL ENVIRONMENTAL IMPACT
S1ATEMENT RELATED TO CoAL BED NATURAL GAS DEVELOPMENT

Dale Tribby, Supervisory Natural Resource Specialist, USDI Burcau of Land Management,
Miles City Field Office, 111 Garry Owen Road, Miles City, MT 59301

The Diatt Supplemental Environmental Impact Statement (SEIS) is scheduled for release
on 2 February 2007. As a result, thousands of federal wells have the potential to be drilled in
the Powder River Basin of Montana. This presentation will address the anticipated level of
development, management practices to be implemented and alternatives being considered.
Information on submutting comments were presented.

GREATER SAGE GROUSE PoruLa110N RESPONSE TO ENERGY
DEVELOPMENT AND HABI1AT LOSS

Brett L. Walker, David E. Naugle, and Kevin E. Doherty, Wildlife Biology Program, College of
Forestry and Conservation, University of Montana, Missoula, MT 59812

Modification of landscapes by eneigy development may alter both habitat use and vital
rates of sensitive wildlife species. Greater sage grouse (Centrocercus urophasianus) in the
Powder River Basin (PRB) of Wyoming and Montana are experiencing widespread, rapid
changes to habitat due to recent coal-bed natural gas (CBNG) development. We analyzed
lek count, habitat, and infrastiucture data to test how CBNG development and other landscape
teaturcs influenced sage-grouse population trends and lek status in the PRB. From 2000-2005
leks in CBNG fields showed lower trends in population indices and 11-55 percent fewer
males per active lek than leks outside CBNG development. Among lek complexes ot known
status 11 2004-2005, only 34 percent remained active within CBNG fields, compared to 82-83
percent of leks adjacent to o1 outside CB - G, and all remaining large and medium-sized leks
(,Y 25 males) occuned outside CBNG. Lek- complex persistence was positively influenced
by the proportion of sagebrush habitat and negatively influenced by the proportion of tillage
aguiculture ac large scales around leks. Atter controlling for habitat loss, lek-complex persis-
tence was also negatively influenced by the extent of CBNG development at all scales, with
the strongest ettects occurring within 0.8 km. Maintaining sage grouse populations in areas
with CBNG likely will be difficult without a major shift in mitigation strategies toward spa-
tial, rather than temporal restiictions on development, and rapid implementation ot enhanced
industiy-wide standards for mitigation. Our findings also emphasized a need for government
agencles Lo set population goals for conservation and conduct 1andscape-scale conservation
pranning for sensitive wild.ite species prior to energy development.
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HiGHU GHTS FROM 15 YEARS OF WHITE-TAILED DEER RESEARCH
INNORTHWESTERN MONTANA
Alan K. Wood. Montana Fish, Wildlifc and Parks, 490 North Meridian Road, Kalispell, MT 59901
Gary L. Dusck, Montana Fish, Wildlife and Parks, 1400 South 19th Avenue, Bozeman, MT 59917

Stephen T. Hockman, Institute of Arctic Biology, Irving 1 307/P.0O. Box 757000, University of
Alaska-Fairbanks, Fairbanks, AK 99775

John T. Morgan. Pennsylvania Game Commission. 448 Snyder Road. Reading, PA 19605

Carolyn A. Sime, Mathew A. Messer, and Justin A. Gude, Montana Fish, Wildlite and Parks. 1420
East 6th Avenue, Helena, MT 59620

White-tailed deer (Qdocoileus virginianus) are the most abundant big game species in
northwest Montana, accounting for more than 75 percent of annual deer harvests in Montana
Fish, Wildlite and Parks’ (FWP) Region 1. FWP initiated a study in 19%8 in the Salish
Mountains to better define ecological relationships of white-tailed deer occupying conifer-
dominated winter ranges in northwest Montana. Data collection spanned the period of 19¥8-
2000; however, collection of harvest records continued through 2003. Most white-tailed deer
in the Salish Mountains typically migrated ~20-30 km (12-19 mi) between summer ranges
consisting of higher elevation forest and meadows and winter ranges in lower valleys with
relatively dense coniferous cover. Patterns of resource use supported a hypothesis that deer
enhance survival by adopting a strategy of energy conservation during most winters. Dense
tree canopy intercepts snowfall and hence reduces energetic costs of movement and likely
enhances ability to evade predators. Overall deer density in the Salish Mountains ranged from
2.3-10.8 deer/km? (6-28 deer/mi*) with densities on winter range from 130-205 deer/km? (116-
530/mi%). We conclude that variation in female survival operated independently of recruitment
to drive population trend of white-tailed deer in the Salish Mountains. More detailed results of
this work are available in the recently completed report titled: White-tailed Deer Studies in the
Salish Mountains, Northwest Montana, published by FWP.

LARGE-SCALE GENETIC STRUCTURE OF BrLACK-BACKED
WOODPECKERS

Jennifer C. Woolt, Wildlifc Biology Program. University of Montana, Missoula, Montana 59812

The black-backed woodpecker is a naturally rare, wide-ranging woodpecker that inhab-
its recently burned forests. Due to their natural rarity. little 1s known regarding black-backed
woodpecker movement patterns and population structure. Genetic techniques allow us to
measure population structure without intensive fieldwork, such as mark-resight methods. In
general, avian populations show little genetic differentiation due to high rates of dispersal,
often over exceedingly large distances. This fact, combined with the ephemeral nature of
black-backed woodpecker habitat, has led us to predict that black-backed woodpeckers would
have little genetic differentiation, even at large geographic scales. In contrast, we have found
substantial genetic differentiation along an east/west gradient for birds sampled in Oregon,
Idaho, Montana, South Dakota, and Alberta tor mitochondrial DNA. However, there was little
evidence of genetic differentiation along a north/south gradient within the Rocky Mountains.
We detected three main groups of populations: West (Oregon), Mid (Idaho, Montana. and
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Alberta), and East (South Dakota). We are currently examining nuclear loci, which will be
used in combination with our current mtDNA results, to determine it these groups should be
managed as distinct population segments or separate management areas.

PATTERNS AND RATES OF WOLVERINE MOVEMENT USING GPS
TECHNOLOGY IN GLACIER NATIONAL PARK, MONTANA

Rick Yates and Jeffrey P. Copeland. USDA Forest Service, Rocky Mountain Research
Station, P.O. Box 8089, Missoula, MT 59807

Documentation of wolverine presence in remote areas has been carried out using winter
track surveys. Description of wolverine travel patterns and rates of travel have been based on
anecdotal evidence at best. During the past 4 yrs we captured and instrumented 22 wolverines
in Glacier National Park. Of these, five individuals have successfully carried Lotek store-
on-board GPS collars for periods of up to several months, and have provided nearly 10,000
data points. A high recapture rate provided an opportunity to reinstrument individuals with
varying GPS acquisition rates within a single trapping season. Initial GPS location data were
programmed for a 4-hr cadence, but wolverine movement rates at this interval did not provide
adequate information on travel paths and patterns and indicated a need for a finer scale fix
rate. We varied the frequency of GPS fix attempts at 4 hours, 2 hours, 30 min, and 5 min as
we recaptured study animals. Subsequently most data sets were programmed to collect GPS
locations at 5-min intervals, 24 hrs/day, 7 days/wk. Analysis of these fine-scale data reveals
travel paths and corridors, as well as rates and patterns of travel for wolverines astride the
Continental Divide in alpine and subalpine sections of Glacier National Park.
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