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Mountain goats (Oreamnos americanus) are native to the Cascade mountain range of
Washington from the Canadian border to Mount Adams, including the Skagit Valley watershed.
In 1961 the state’ s population was thought to number approximately 10,000, but by 2003, that
number had dropped to an estimated 3700 animals, excluding the Olympic range (Coté et al.
2003). This dramatic decline was not uniform across their range. Areas like Mount Baker and
Goat Rocks retain substantial populations today, while portions of the Darrington ranger district
and the Snoqual mie game management unit, for example, have experienced declines of 90% or
more. Additionally, using the locations of hunter harvest from 1948 to 1970 as an approximation
of their historic distribution, the current distribution of mountain goats in Washington shows a
substantial range retraction (Figure 1). This apparent range retraction is particularly striking in
the Skagit watershed.

Although the cause of this decline remains uncertain, recent evidence suggests a likely
factor has been the high level of hunter harvest over this time period (Rice and Gay 2007).
Mountain goat popul ations are sensitive to hunting pressure (Coté et al. 2003, Hamel et al. 2006)
and the sustainable level of harvest from native populations may be as low as 1% (Hamel et al.
2006). Harvest in past decades probably exceeded 4% annually. Despite the steady drop in
hunting pressure since 1961, however, many of the numerous small herds of the Cascades have
not recovered, and large areas that historically supported mountain goats remain unoccupied. The
failure to reoccupy historic habitat and the lack of recovery in these small populationsis
troubling.

An answer to this paradox may lie in the way mountain goat populations are structured.
Alpine habitat is patchily distributed throughout the Cascades in an archipelago of high elevation
“islands.” Mountain goats living in these islands form a metapopul ation — a network of
populations linked by dispersal (Hanski and Gilpin 1991). Metapopulation theory predicts that
the dispersal corridors linking the network are absolutely critical to the long term survival of the
species (Gustafson and Gardner 1996). Historically, these corridors have likely been shaped by
landscape factors such as elevation, slope, and land cover. In addition to these factors,
anthropogenic changes to the Cascade landscape that have occurred over the past severa decades
may be imposing additional constraints on dispersal. If this new landscape lowers dispersal
success, the current metapopulation framework may not be functioning in away that would
support historic numbers of mountain goats. In particular, increased road building, logging, and
recreation in the Cascades all have the potentia to limit dispersal across the matrix between
habitat patches and thereby fragment and isolate mountain goat populations (Harrison and Bruna
1999).

Small remnant populations isolated from dispersal face a number of serious threats to their
persistence. For some species, at low population densities, reproductive and/or survival rates
decline, leading to an inverse density-dependence known as the Allee effect (Dennis 2002). Other
alpine ungulates such as bighorn sheep and ibex have been shown to exhibit increased
susceptibility to predation and lower success rates for finding mates at |low densities (Mooringa
et a. 1991, Saether et al. 2002). Mechanisms such as these may also impact mountain goat
populations, however, Allee effects have not yet been investigated for this species.



In addition to Allee effects, stochastic events, including disease, predation pressure, and
climate can further reduce population sizes to the point where small herds may not have
sufficient individuals to repopulate following such events. Recovery is also impeded by genetic
loss of fitnessin small populations (Frankham 1995). Once below a critical threshold population
size, the processes of inbreeding and genetic drift can lead to lower survival and fecundity. Asa
result, the population declines further, exacerbating Allee effects, genetic drift, and inbreeding
until ultimately the population goes extinct (Lacy 1997). This downward cycle has been termed
an extinction vortex (Fagan and Holmes 2006), and may be responsible for the failure of
mountain goats to reverse their decline over the past 50 years.

If the recovery of small populations and the reoccupancy of vacant habitat isimpeded by
either natural or anthropogenic factors that reduce dispersal success, two management
approaches might reverse this trend. First, it may be possible to restore broken links between
metapopulation patches through changes in land management. Currently, the locations of
corridors linking mountain goat habitat are not known, nor have the historic and anthropogenic
landscape factors that may limit dispersal between patches been identified. Dispersal dynamics
are likely to differ between male and female mountain goats (Hutchins and Geist 1987). Because
recolonization of vacant habitat requires both sexes, understanding how gender affects dispersal
would be an important aspect to consider in management plans. An assessment of the genetic
health of the state®herds would also be useful to understand the scope of the problem and to
focus limited available resources on populations that are threatened by loss of fitness. Thus,
without further study, restoring corridorsis not a viable approach. Even with thisinformation,
however, it may not be practical to restore some links due to political, legal, and economic
realities.

An alternative may be to relocate mountain goats from genetically diverse and growing herds
to small populations and vacant habitat that are isolated from dispersal. Relocation would
increase the size of the isolated population and thereby oppose Allee effects while at the same
time increase genetic diversity. A ready source of animals for this purpose could come from the
Olympic mountain range. Twelve mountain goats were introduced there from Alaska and
northern British Columbia by sport hunters during the 1920's. Since then, their numbers have
increased dramatically due to the abundance of high quality unoccupied habitat. This non-native
popul ation now threatens the local apine flora, which is poorly adapted to goat browsing
(Hutchins 1995, Lemke 2004). This led National Park officialsto initiate a program aimed at
[imiting the Olympic mountain goat population during the late 1980’ s. The park®efforts
involved relocating goats to areas throughout the western United States, including 130 animals to
the Washington Cascades. Today, around 400 animals still remain in Olympic National Park.
Due to their unique genetic heritage and unwel come presence there, this population isideally
suited for use in conservation efforts in the Cascade Range. However, the efficacy of this
approach has not been validated by studying the fate of the animals relocated during the 1980’ s
and the spread of their unique alleles into Cascade populations.



11 Study Objectives

The genetic structure of the Cascade mountain goat population integrates dispersal events that
have coincided with the recent decline of this species. Unlike dispersal studies that involve
tracking the movement of tagged animals, the use of genetic information focuses only on
dispersal events that result in survival and successful reproduction. Therefore, a genetic approach
has the potential to distinguish exploratory movements from the successful reproduction and
reveal the resistance of alandscape to gene flow. Furthermore, a genetic approach can be used to
assess the genetic health of the state’ s herds, and explore the legacy of past relocations from the
Olympic mountains to Cascade populations. To assist wildlife management agenciesin their
efforts to restore mountain goats to their historic numbers and range within the Cascades, we
propose three specific aims based on the following hypothesis:

Hypothesis 1: Currently, after the decline of the past 50 years, much of the state® mountain goat
population now exists in small remnant herds inhabiting alandscape fragmented by natural
barriers as well as recent anthropogenic limits to dispersal. This fragmentation threatens source-
sink dynamics, dispersal, and gene flow, resulting in limited immigration, loss of fitness, and
possible Allee effects. These factors are limiting the recovery of mountain goats to historic
numbers and may eventually threaten the persistence of this species in the Cascade Range.
Research Aim 1: Survey the genetic health and structure of the state’ s herds and compare the
genetic diversity of expanding populations to populations that are stable or declining.

Hypothesis 2: Mountain goat dispersal is sensitive to historical landscape factors such as habitat
quality, as well as anthropogenic factors such as roads, recreational activity, and land use
practices. These varied landscapes have the potential to impede or facilitate dispersal, leading to
the formation of barriers and corridors between habitat patches. Furthermore, there may be
gender differencesin dispersal success across these landscapes.

Research Aim 2: Create gender-neutral (based on autosomally inherited microsatellite markers)
and femal e specific (based on maternally inherited mitochondrial markers) models of landscape
resistance that correlate with the genetic structure of the Cascade mountain goat metapopul ation.

Hypothesis 3: It is possible to alter mountain goat population dynamics by relocating animals.
The ability of introduced animals to survive and interbreed with native populations will
determine if this approach is a viable management strategy.

Research Aim 3: Determine the genetic legacy of animals introduced to the Cascades from the
Olympic range during the 1980's, verify their survival, and quantify the degree to which their
genetic variation spread through populations near those sites.

The above aims are based on the premise that recent barriers to dispersal and poor
genetic health may be acting together with other factors such as disease, climate change, and
increased predation rates to limit the recovery of small mountain goat populationsin
Washington. The aims of this proposal are designed to inform future management decisions,
rather than to support any particular theory regarding the factors fueling the decline of this
species. Thus, regardless of the underlying mechanism, pursuing the above aims will offer long-
term value for the conservation of mountain goats, as the next section describes.



V. Application of Results
The results of this study will yield the following benefits:

1.

An assessment of the level of inbreeding and allelic diversity will reveal whether genetic
variability has reached critically low levels, potentially identifying genetic health asa
factor fueling the decline. Though genetic fitness may not presently be athreat, the
impacts of inbreeding and genetic drift on small populations are well established, and, in
the absence of arecovery, the probability of loss of fitness increases with each generation.
Therefore, the proposed study will serve as a valuable baseline for future monitoring
efforts.

Generating a landscape resistance model will identify both barriers to dispersal and
corridors for gene flow. Thisinformation can be used by wildlife management agencies to
guide conservation. If, for example, the model reveals that a major highway actsas a
barrier to dispersal, it may be possible to build awildlife overpass to mitigate the impact.
Thismodel can aso be used to prevent development of new anthropogenic barriers
within key dispersal corridors. Furthermore, the landscape model will be used to
objectively define each of the state® mgjor genetic units. The current boundaries used by
WDFW to manage harvest are based on arbitrary divisions, and are therefore inadequate
to manage this species on the individua herd level. Because the state’ s popul ations are on
varying trgectories, thisis currently a major unmet need.

Introduction of animals into small, threatened populations is an often discussed but
poorly understood management strategy. The efficacy of this approach is likely to depend
heavily on the life history traits of the speciesinvolved, and thus, generalizations from
other species may not apply. By studying the genetic legacy of the 1980’ s transl ocations
from the Olympic range to the Cascades, we will provide wildlife management agencies
with a species-specific preview of the potential for relocation strategies to ater
population dynamics. Furthermore, the proposed study could serve as a baseline for
evaluating the success of future relocations, or optimizing their implementation.

In addition to the direct benefits for mountain goat conservation, this study also offers
several indirect benefits. The aims of this proposal are all prominent applications of the
new field of landscape genetics, with broad applicability to numerous speciesin addition
to mountain goats. The paucity of research in this area to date means that each new study
has the potential to greatly expand our understanding of how populations respond to
landscapes, and to refine how we use genetic tools to meet conservation needs. To our
knowledge, no landscape genetics study of this scale has been conducted in the Pacific
Northwest. It is our hope that our research will serve as atemplate for future studies of
other species in decline in Washington and elsewhere.

One graduate student and ten interns will gain substantial research experience, and
several new collaborations between federal, state, and tribal wildlife agencies will accrue
from this study. Training new scientists and establishing collaborations are important
contributions to the future of conservation biology in our state.



V. Scope and M ethods

Genetic sampling and genotyping

We currently have 63 blood samples collected from mountain goats previously captured and
released during a 2003-2005 GPS collar tagging effort by WDFW. We also have 61 tissue
samples collected from hunters as part of a voluntary participation program run by WDFW, 18
tissue samples collected by the National Parks Service, and one tissue sample taken from a goat
that died in the field and was collected for necropsy. To fill in the geographical gapsin the
sample set (Figure 2), we need to collect a minimum of 125 additional genetic samplesin the
form of scat or tissue collected using biopsy darts. The number of samplesis dictated by the need
for samples spaced no more than 8 km apart (as access and mountain goat distribution allow) to
maximize statistical power in our analyses (Cushman et a. 2006). We will obtain 12 additional
genetic samples from Olympic range animals to support aim 3 of this proposal. Cumulatively, the
total sample size will number at least 280. Ground teams will be used to collect the mgority of
samples, however, a helicopter will be used to reach areas with poor access. The use of biopsy
dartsto collect tissue samples for this project has been reviewed and approved by the WWU
Animal Care and Use Committee and by WDFW.

Once samples have been collected, DNA will be extracted from tissue, blood, or scat
using the commercial DNeasy® blood and tissue, or stool DNA isolation kit (Qiagen) according
to the manufacturer’ s protocol. Polymerase chain reaction will be used to amplify 20 previously
characterized polymorphic microsatellite markers known to yield products from mountain goat
DNA according to methods devel oped by Mainguy et a. (2005). We will employ a fluorescence-
based approach, multiplexing up to 4 markers per reaction using labeled primers. After PCR
product purification, electrophoresis and digital measurement of length polymorphisms will be
performed using an ABI 3730 (Perkin Elmer). Additionally, we will PCR amplify and sequence
the mitochondria hypervariable region for each sample according to published methods
(Spaulding et al. 2006). Quality control will include appropriate controls, standards, and
estimating error by randomly re-genotyping 5% of our samples. All genetics services will be
performed at the WDFW Molecular Genetics Laboratory under the supervision of Dr. Warheit.

Assessing genetic health

To quantify the genetic health of each population, Fis (inbreeding coefficient), A (allelic
diversity), and He (expected heterozygosity) values will be estimated from the genotypes of each
population using the GENEPOP software suite (Raymond and Rousset 1995). These parameters
will then be correlated with population size, patch size, patch isolation, and population trajectory.

Landscape resistance analysis

Our approach to modeling landscape resistance to gene flow will be based on the methods used
by Cushman et al. (2006) in a study of black bear gene flow in northern Idaho. Briefly, we will
generate a Bray-Curtis dissimilarity matrix (Legendre and Legendre 1998) based on the genetic
distance between the microsatellite genotypes (or mitochondrial haplotypes, to generate afemale
specific landscape model) of all samples using the ecodist packagein R (Legendre and Vaudor
1991). This genetic distance matrix will be compared by mantel and partial mantel tests (Mantel
1967) to other matrices that represent the following hypotheses of landscape resistance:



1. Genetic distanceisalinear function of Euclidean distance. We will generate a Euclidean
distance matrix calculated based on the location of every genetic sample using the
PATHMATRIX extension (Ray 2005) in Arcinfo 3.3 (ESRI).

2. Genetic distance is afunction of landscape resistance. Previous work from our lab funded, in
part, by Sesattle City Light, has generated a habitat map for the west side of the Cascade range
of WA (Wells 2006), and continuing work on this project will lead to a complete habitat map
for both sides of the range by the end of 2007. Thismap is an ArcGIS grid raster data set,
which we will use as a starting point for alandscape resistance model under the hypothesis
that poor habitat has a higher resistance to dispersal than good habitat. Using the
PATHMATRIX extension, we will calculate the least cost path distance across that |andscape
resistance model between all sample points, resulting in a matrix of landscape distance. The
weighting of all of the inputs into the landscape resistance model, including slope, land
cover, aspect, and elevation, can be changed to form new model variants, which will then be
evaluated to determine if they increase the fit of the model to the observed genetic distance.

3. Genetic distance is afunction of barriersto dispersal. Under this scenario, populations would
be panmictic on one side of the barrier but would not interbreed with populations on the other
side of the barrier. Potential barriers to explore under this hypothesisinclude low elevation
valleys, mgjor roads, or large expanses of poor habitat. These hypotheses will be generated in
ArcGIS by reclassifying barrier cells with resistance values of infinity while classifying every
other cell as zero resistance. PATHMATRIX will then be used as above to generate a matrix
of distances between all sample locations.

We will follow the approach of Cushman et al. (2006) to create a causal modeling
framework, establish statistical expectations for each organizational model, and then evaluate the
support for each model. Models that meet al statistical expectations will be used to map the
identity and locations of significant dispersal barriers, locate corridors linking habitat patches,
and define population boundaries.

Evaluating the impacts of 1980’ s relocations

To achieve the third aim of our proposal, we will use two approaches. First, we will identify any
unique alleles present in the genotypes of the 20 samples collected from Olympic range animals
but not found in Cascade populations (except near sites of relocation). We will then calculate the
frequencies of these novel allelesin populations near past rel ocation sites, noting the extent of
their spread and contribution to alelic diversity. Additionally, we use linear discriminant analysis
to ordinate our samples based on allele frequencies. We will use a portion of the datato train the
model to discriminate between Olympic and Cascade genotypes (chosen randomly from sites far
removed from past relocations). Running the model on the full dataset should reveal clustering of
Olympic and Cascade populations/subpopul ations, with descendants of relocated animals
ordinating between these clusters. Focusing on these descendants, we will determine the extent to
which they spread from the original sites of reintroduction, and assess the proportion of their
genetic diversity attributable to their Olympic range ancestors. This approach has been used
successfully in other studies to identify translocated individuals (Frantz et al. 2006).



V1. Impactsto Listed Species

Mountain goats, when locally abundant, have been shown to be important prey for the
endangered wolf (Fox and Streveler 1986), and the threatened grizzly bear (Cote and Beaudoin
1997) and lynx (Rideout and Hoffmann 1975). If this study were to provide information leading
to arecovery of mountain goats in Washington, a secondary benefit may be the potentia to help
support populations of these predators in areas where their ranges overlap.

VI1I. Evaluation

Periodic meetings between co-investigators will occur to monitor the progress of the study. This
study will form the basis of Andrew Shirk® master®@thesis at Western Washington University,
and, therefore, will also undergo monitoring and review by athesis committee that includes all
three principle investigators. Success will ultimately be defined as meeting the three research
objectives and disseminating the results to state, federal, and tribal wildlife management entities
aswell asthe greater scientific community and public at large.

VI1II. Personnel and Project Organization

David Wallin is a Professor in the Department of Environmental Sciences, Huxley College of the
Environment, Western Washington University. He hasaPh. D. in Environmental Science from
the University of Virginia. Dr. Wallin is an expert in landscape ecology, GIS modeling, and
multivariate statistics, and has published 20 scientific articles. His contribution will include
managing the interns, supervising the graduate student, and assisting with data analysis, report
writing, and publications.

Clifford G. Riceis a Research Scientist in the Wildlife Management Program of the WDFW and
is currently working full time on mountain goat research. He hasaPh.D. in Wildlife Science
from Texas A&M University. Dr. Riceisan expert in wildilfe biology, conservation, and
management, and has published 32 scientific articles. His contribution will include conducting
aeria biopsy darting, aswell as assisting with data analysis, report writing, and publications.

Kenneth I. Warhelt is the director of the WDFW genetics core in Olympia Washington. He has a
Ph.D. from U.C. Berkeley. Dr. Warheit is an expert in molecular genetics, population genetics,
and wildlife biology, and has published 24 scientific articles. His contribution will include
directing and supervising the DNA isolation and genotyping of all genetic samples, aswell as
assisting with data analysis, report writing, and publications.

Andrew Shirk isaMaster®in Environmental Science candidate at Western Washington
University. He has a Bachelors of Science in biology and an Associate degree in Geographical
Information Systems. Prior to graduate school, Andrew worked as a molecular biologist at the
University of Washington in Seattle for 8 years, and published 6 scientific articles. He has
extensive experience in molecular genetics research and GIS modeling. He will collect genetic
samples, analyze the genetic data, write reports, prepare presentations for meetings, and write
manuscript(s) for publication.



I X. Deliverables

Funding agencies will be provided with progress reports semiannually during the course of the
research. At the end of the project, afinal report will review and assess all project activities. This
report will include an assessment of the genetic health of the state® populations, the relationship
between genetic diversity and population tragjectory, maps of landscape resistance to dispersal
(including marked corridors and major barriers), maps demarcating the major genetic divisions
between populations, and an assessment of the genetic impact of the 1980@rel ocations. We will
also prepare and disseminate alist of recommendations for conservation of mountain goatsin
Washington based on our findings. Data generated in the course of this research will be curated
by the co-investigators and disseminated along with the final report as described below.

X. Dissemination

The data and final report for this project will be freely distributed to pertinent wildlife
management agencies, including WDFW, the National Parks Service, the US Forest Service,
Washington Department of Natural Resources, Washington Department of Ecology, and state
tribal agencies. Additionally, at least 2 peer-reviewed publications and one presentation at a
national scientific meeting are expected to be produced from this research.

Xl1. Schedule

2007 2008
Q2 Q3 Q4* Q1 Q2* Q3 Q4*
[ Sample Collection |
| Genotyping |
| Data Analysis |
| Report Writing |

* Semi-annual reports issued (final report in Q4 2008)

XII. Other Financial Support

We have obtained atotal of $94,632 from other sources to support this project. $21,000 has been
obtained to support the development of |aboratory protocols as well as genotyping, and
sequencing 200 samples ($4800 from the Mountaineers Foundation, $2400 from the Mazamas
Foundation, $12,000 from WDFW and $1,800 from WWU). WDFW has also supplied $24,088
to provide sample collection mileage and per diem for interns and the graduate student, as well as
$20,000 for helicopter services during the summer of 2007.

XI1. Map
see attached.



X1V. Budget
See attached

XV. Letters of Commitment
See attached

XVI. Lettersof Support
See attached

XVII. Peer Review Recommendations
See attached



Literature Cited

Cote, S., and C. Beaudoin. 1997. Grizzly bear attacks and nanny-kid separation on mountain
goats. Mammalia 61:614-617.

Coté, S. D., M. Festa-Bianchet, and K. G. Smith. 2003. Wild mammals of North America:
biology, management and conservation., Second edition. Johns Hopkins University,
Baltimore, Maryland.

Cushman, S. A., K. S. McKelvey, J. Hayden, and M. K. Schwartz. 2006. Gene flow in complex
landscapes. Testing multiple hypotheses with causal modeling. American Naturalist
168:486-499.

Dennis, B. 2002. Allee effects in stochastic populations. Oikos 96:389-401.
Fagan, W., and E. Holmes. 2006. Quantifying the extinction vortex. Ecology Letters 9:51-60.

Fox, J., and G. Streveler. 1986. Wolf Predation on Mountain Goats in Southeastern Alaska
Journal Of Mammalogy 67:192-195.

Frankham, R. 1995. Inbreeding And Extinction - A Threshold Effect. Conservation Biology
9:792-799.

Frantz, A. C., J. T. Pourtois, M. Heuertz, L. Schley, M. C. Flamand, A. Krier, S. Bertouille, F.
Chaumont, and T. Burke. 2006. Genetic Strucutre and assignment tests demonstrate
illegal translocation of red deer into a continuous population. Molecular Ecology
15:3191-2103.

Gustafson, E. J., and R. H. Gardner. 1996. The effect of landscape heterogeneity on the
probability of patch colonization. Ecology 77:94-107.

Hamel, S, S. D. Cote, K. G. Smith, and M. Festabianchet. 2006. Population Dynamics and
Harvest Potential of Mountain Goat Herds in Alberta. Journal Of Wildlife Management
70:1044-1053.

Hanski, I., and M. Gilpin. 1991. Metapopulation Dynamics - Brief-History And Conceptual
Domain. Biological Journal Of The Linnean Society 42:3-16.

Harrison, S., and E. Bruna. 1999. Habitat fragmentation and |arge-scal e conservation: what do
we know for sure? Ecography 22:225-232.

Hutchins, M. 1995. Olympic Mountain Goat Controversy Continues. Conservation Biology
9:1324-1326.

Hutchins, M., and V. Geist. 1987. Behaviora Considerations in the Management of Mountain-
Dwelling Ungulates. Mountain Research and Development 7:135-144.



Lacy, R. C. 1997. Importance of genetic variation to the viability of mammalian populations.
Journal Of Mammalogy 78:320-335.

Legendre, P., and L. Legendre. 1998. Numerical Ecology, 2nd edition edition. Elsevier,
Amsterdam.

Legendre, P., and A. Vaudor. 1991. The R package: multidimensional analysis, spatial analysis.

Lemke, T. O. 2004. Origin, expansion, and status of mountain goatsin Y ellowstone National
Park. Wildlife Society Bulletin 32:532-541.

Mainguy, J., A. S. LIewelyn, K. Worsley, S. D. Cote, and D. W. Coltman. 2005.
Characterization of 29 polymorphic artiodactyl microsatellite markers for the mountain
goat (Oreamnos americanus). Molecular Ecology Notes 5:809-811.

Mantel, N. 1967. The detection of disease clustering and a generalized regression approach.
Cancer Research 27:209-220.

Mooringa, M. S,, T. A. Fitzpatrick, T. T. Nishihira, and D. D. Reisig. 1991. Vigilance, Prediation
Risk, and the Allee Effect in Desert Bighorn Sheep. Journal Of Wildlife Management
68:519-532.

Ray, N. 2005. PATHMATRIX: ageographical information system tool to compute effective
distances among samples. Molecular Ecology Notes 5:177-180.

Raymond, M., and F. Rousset. 1995. Genepop (Version-1.2) - Popul ation-Genetics Software For
Exact Tests And Ecumenicism. Journal Of Heredity 86:248-249.

Rice, C., and D. Gay. 2007. Mountain Goat Harvest in Washington State: Effects on Historic and
Contemporary Populations. Submitted.

Rideout, C., and R. Hoffmann. 1975. Oreamnos americanus. Mammalian Species 63:1-6.

Saether, B., S. Engen, F. Filli, R. Aanes, W. Schroeder, and R. Andersen. 2002. Stochastic
population dynamics of an introduced Swiss population of the ibex. Ecology 83:3457-
3465.

Spaulding, A. W., K. E. Mock, M. A. Schroeder, and K. I. Warheit. 2006. Recency, range
expansion, and unsorted lineages: implications for interpreting neutral genetic variationin
the sharp-tailed grouse (Tympanuchus phasianellus). Molecular Ecology 15:2317-2332.

WEélls, A. G. 2006. Global positions system (GPS) bias correction and habitat analysis of
mountain goats Oreamnos americanus in the Cascades of Washington State. Masters.
Western Washington University, Bellingham.



1)

2)

3)

4)

5)

6)

7)

8)

Peer Review Recommendations

Name: Michad K. Schwartz Title:_Research Ecologist
Organization:_U.S. For Ser; Rocky Mt Res Sta Phone:_(406) 542-4161
Email address;.. mkschwartz@fs.fed.us Fax: (406) 543-2663
Name: Dave Werntz Title:_Science Director
Organization:_Northwest Ecosystem Alliance Phone/Fax:_(360) 671-9950 ext. 14
Email address;_dwerntz@ecosystem.org

Name: Bob Carey Title:_Skagit AreaManager
Organization:_The Nature Conservancy Phone/Fax:_(360) 419-9825
Email address:_bcarey@tnc.org

Name: Chris Danilson Title Wildlife Biologist
Organization:_Sauk-Suiattle Indian Tribe Phone/Fax:_(360) 436-0347
Email address;_cdanil @sauk-suiattle.com

Name: _Lisette Waits Title:_Associate Professor
Organization:_U. of Idaho; Dep. of Fish & Wildl.Phone:_(208) 885-7823

Email address;_lwaits@uidaho.edu Phone/Fax:_(208) 885-9080
Name: _Jim Kenagy Title: Professor
Organization:_U. Wash.; Burke Museum Phone/Fax:_(206) 616-1781
Email address;_ kenagy@u.washington.edu

Name: David W. Coltman Title:_Associate Professor
Organization:_U. of Alberta; Dept. of Biol. Sci. Phone:_(780) 492-7255
Email address;_dcoltman@ualberta.ca Fax: (780) 492-9234
Name: Scott Schuyler Title:_Nat. Res. Policy Coordinator
Organization:_Upper Skagit Indian Tribe Phone:_(360) 856-5501

Email address: Fax:




Distribution
Past and Present

Hunter Harvest
1948-1970

B -75% decline
|| 50-75% decline
|| <50% decline
m Insufficient data
7 Skagit Valley
VWatershed

0 5 10

20

[
T#$
" O $ & " '
n )* + $
$ & " )
n % + 11} n 11} $

N

Mountain Goat



* 4
%
%
&

2+ $ 3

$

$
%%

II%
#-

(1)
$

&

$



CURRICULUM VITAE
David Oakes Wallin
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Huxley College of the Environment
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Ph.D., Environmental Sciences, University of Virginia, Charlottesville, VA, August 1990; Dissertation title:
Habitat dynamics for an African weaver-bird: the red-billed quelea (Quelea quelea); advisor: Herman H.
Shugart

M.A., Biology, The College of William and Mary, Williamsburg, VA, January 1982; Thesistitle: The
influence of environmental conditions on the breeding biology of the bald eaglein Virginia; advisor:
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B.S., Biology, Juniata College, Huntingdon, PA, May 1978
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determinants of species distribution and abundance patterns, analysis of landscape pattern and pattern
change under shifting management objectives, effect of land-use on carbon storage in forest ecosystems.

Selected Proposals (Pl or Co-PI for over $2,600,000 of funded proposals since 1992):

Mountain Goat Conservation and Restoration in Washington State: Field Sampling (Washington
Department of Fish and Wildlife; ALEA Cooperative Project, $24,088, summer 2007)

Mountain Goat Conservation and Restoration in Washington State: Genetic Analysis (The Mazamas
Foundation Research Grant, $2,400, 5/1/07 — 7/15/08), (The Mountai neers Foundation Research Grant,
$4,803, 5/1/07 — 12/31/08), (Washington Department of Fish and Wildlife, $12,000, 3/1/07 — 6/30/07)

Helicopter-based Biopsy Darting of Mountain Goats for Genetic Analysis (Washington Department of Fish
and Wildlife, $20,000, 6/1/07 — 6/30-07)

Mountain Goat Behavioral Observations and Survey Ground Observations (Washington Department of Fish
and Wildlife; ALEA Cooperative Project, $14, 262, summer 2006)

Assessment of Mountain Goat Habitat in the North Cascades (Sauk-Suiattle Indian Tribe, multiple contracts,
$54,000, 2002-2006)

Mountain Goat Ecology and Management (Washington Dept. of Fish and Wildlife, $12,684, 3/06 — 9/06)

Mountain Goat Ecology in Washington (Seattle City Light, $59,000, 2003-2005) Co-PI with Clifford G.
Rice, Washington Dept. of Fisheries and Wildlife, Douglas McMurtrie, Sauk-Suiattle Tribe, Phyllis Reed
Mount Baker/Snoqualmie National Forest, Robert C. Kuntz II, North Cascades National Park



Analysis of land-use effects on landscape patterns and biological diversity in Pacific Northwest forests:
1972-1992. (NASA, $485,000, 1993-98) PI; co-PI®W.B. Cohen, G.A. Bradshaw, T.A. Spies, A.
Hansen, M.H. Huff, J.F. Lehmkuhl, M.G. Raphael and W.J. Ripple

Selected Publications:

wallin, D.O., M.E. Harmon, W.B. Cohen (in press). Modeling regional -scal e carbon dynamics in Pacific
Northwest forests: 1972-95. Pages xx-xx In: O. Krankina and M.E. Harmon (eds.) Carbon Dynamics of
Two Forest Regions: Northwestern Russian and the Pacific Northwest. Springer-Verlag, New Y ork

Weélls, A.G., D.O. Wallin, C.G. Riceand W-Y Chang. (in prep) Wildlife telemetry global positioning system
(GPS) bias correction in the Cascade Mountains of Washington State, USA

Weélls, A.G., D.O. Wallin, C.G. Riceand W-Y Chang. (in prep) Seasonal habitat analysis for Mountain
Goats (Oreamnos americanus) in the Cascades of Washington State, USA.
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Wallin, D.O., F.J. Swanson, B. Marks, J. Kertisand J. Cissel. 1996. Comparison of managed and
pre-settlement landscape dynamics in forests of the Pacific Northwest, U.S.A.. Forest Ecology and
Management 85:291-310.

Selected Presentations:

Wasserman, T., S. Cushman and D.O. Wallin. 2007. Influences of Landscape Features on Gene Flow of
American Marten in Northern Idaho, USA. International Association for Landscape Ecology Conference
(IALE). Wageningen, Netherlands. July 8-13, 2007.

Wasserman, T., S. Cushman and D.O. Wallin. 2007. Non-invasi