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ABSTRACT

In 2005, the Alaska Department of Fish and Game (ADFG) implemented mountain goat monitoring program in the vicini-
ty of the Kensington Mine. These activities were originally encompassed as part of a larger project that included mountain
goat monitoring along the Juneau Access highway project and near the Kensington Mine. This report specifically details
ongoing monitoring activities conducted in the vicinity of the Kensington Mine, yet summary of relevant data collected as
part of other associated projects is also described. The specific objectives of this project include estimating mountain goat
population size, vital rates, resource selection and movement patterns in the vicinity of the Kensington Mine. Data collec-
tion efforts have focused on capture and monitoring of radio-marked mountain goats (n = 75 females, 84 males) deployed
with Global Positioning System (GPS) and Very High Frequency (VHF) radio-collars (n = 135 GPS, 23 VHF). During
capture biological data have been gathered to assess nutritional status, diet composition, genetic identity and disease
status. Aerial and ground-based survey monitoring of marked animals has enabled determination of population size (via
Bayesian mark-resight procedures), reproductive success and survival. Mountain goat GPS location data and GIS remote
sensing data were have been used develop resource selection function (RSF) models to characterize seasonal habitat use
patterns. Genetic analyses has determined that the original study area includes three genetically distinct sub-populations
that are divided by marine waters and/or flat, low elevation river valleys; the population between Berners Bay and the
Katzehin River (i.e. the population studied for this project) is genetically distinct from populations on the east side of Ber-
ners Bay and north of the Katzehin River. In 2006, mountain goat abundance in the study area was considered moderate,
relative to other areas in the region. However, study area-wide population estimates declined approximately 47% between
2006 (n = 1136) to 2010 (n = 604) following a succession of severe winters. Field data has indicated that adult survival
rates are negatively influenced by winter severity and survival of adult males was considerably lower than adult females.
Most mortality has occurred in late-winter (Feb-May), however significant mortality has also been documented in Octo-
ber. Reproductive productivity has been similar to mountain goat studies conducted elsewhere but is low relative to other
northern ungulates resulting from a late age-at-first reproduction, frequent reproductive pauses and low twinning rates (i.e.
1-2%). Activity and movement patterns have exhibited distinct seasonal patterns and have been 3-4 times lower in winter
as compared to summer. Movement rates of males increase significantly during the breeding season but activity rates are
low (putatively due to mate tending behavior). Parturient females reduce movement during the kidding season, presum-
ably to accommodate limited mobility of neonates. Mountain goats exhibit elevational migrations from alpine summer
ranges to low elevation forested winter ranges that coincide with the onset of high elevation snowfall events in autumn
and the ablation of snow and, in the case of females, the parturition period, in spring. Resource selection function (RSF)
modeling has indicated that mountain goats selected for steep, rugged terrain in close proximity to cliffs with moderate-
high solar exposure. Within this context mountain goats select for low elevation areas in winter and moderate-high eleva-
tions in summer; mountain goats selected for lower elevation wintering areas in eastern Lynn Canal area as compared to
animals that wintered east of Berners Bay. Future monitoring efforts will concentrate on continued collection of mountain
goat population abundance, vital rate, resource selection and movement data.
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INTRODUCTION

This report was prepared to meet the annual reporting re-
quirements for Coeur Alaska. Funding for this project was
made available in September 2005 and this report summa-
rizes activities completed by December 30, 2011.

Background

In 2005, Coeur Alaska re-initiated development activi-
ties at the Kensington mine site, located a short distance
northwest of Berners Bay. In addition, the Department of
Transportation and Public Facilities proposed construc-
tion an all-season highway between Echo Cove and the
Katzehin River. In the context of these proposed industrial
development activities, mountain goats were identified as
an important wildlife species likely to be affected by mine
development and road construction activities.

A small-scale study of mountain goats conducted in the
vicinity of the Kensington mine by Robus and Carney
(1995) showed that goats moved seasonally from high
alpine elevations in the summer and fall to low, timbered
elevations during winter months. One of the main objec-
tives of the Robus and Carney (1995) study was to assess
the impacts of the mine development activities on habitat
use, movement patterns and, ultimately, productivity of
mountain goats. However, the mine never became opera-
tional, thus these objectives could not be achieved, and by
1995 goat monitoring in the area wound down and eventu-
ally ended. In 2005, when the mine development activities
were re-initiated the Alaska Department of Fish and Game
maintained that many of the same concerns that prompted
the Robus and Carney (1995) study were still valid and
needed to be addressed. In addition, large-scale plans for
development of the Juneau Access road raised new, po-
tentially more substantial, concerns regarding not only the
enlarged “footprint” of industrial development activities
in eastern Lynn Canal, but also the cumulative impacts of
both development projects on wildlife resources.

The potential effects of mining and road development
activities on local mountain goat populations in the vicin-
ity of the Kensington mine and eastern Lynn Canal have
potentially important ramifications for management and
conservation of the species in the area. Studies conducted
elsewhere indicate that mountain goats can be negatively
impacted by industrial development activities. Such ef-
fects include temporary range abandonment, alteration

of foraging behavior and population decline (Chadwick
1973, Foster and Rahs 1983, Joslin 1986, Cote and Festa-
Bianchet 2003). Consequently, information about the
distribution of mountain goats proximate to the mine and
road development corridor is critical for determining the
extent to which populations may be affected by associated
industrial activities. Information collected by Robus and

Carney (1995), in the vicinity of Kensington mine, as well
as Schoen and Kirchhoff (1982), near Echo Cove, sug-
gest that spatial overlap between mountain goats and the
proposed industrial activity will be most pronounced when
goats are over-wintering in low-elevation habitats.

In response to the above concerns, the Alaska Department
of Fish and Game, with operational funding provided by
the Department of Transportation and Public Facilities,
Federal Highway Administration and Coeur Alaska, initi-
ated monitoring and assessment activities to determine
possible impacts of road construction and mine develop-
ment on mountain goats and identify potential mitigation
measures, to the extent needed. Assessment and monitor-
ing work included collection of vital rate, habitat use and
movement data from a sample of radio-marked mountain
goats in addition to conducting annual aerial population
abundance and productivity surveys. These efforts are
aimed at providing the Alaska Department of Fish and
Game with information necessary to appropriately manage
mountain goats in the proposed areas of development.

Implementation of field objectives were initiated in 2005
and consisted of a 5-year monitoring program (2005-2011)
jointly funded by Alaska Department of Transportation
and Public Facilities, Coeur Alaska and the Alaska Depart-
ment of Fish and Game. Beginning in 2007, the Alaska
Department of Fish and Game committed additional an-
nual funding for a complementary aerial survey technique
development project within and adjacent to the project
area. In 2009, the United States Forest Service also began
contributing funding to further support aerial survey tech-
nique development data collection efforts. And, in 2010,
Coeur Alaska reaffirmed their commitment to mountain
goat monitoring near the Kensington Mine and adjacent
areas and extended project funding for an additional 5
years (until FY2016). Consequently, project activities
summarized in this report encompass a compilation of
field data collection efforts achieved via financial support
of multiple state, federal and private entities.

STUDY OBJECTIVES

This project is designed to investigate the spatial relation-
ships, vital rates and abundance of mountain goats in the
vicinity of the Kensington Mine. The specific research
objectives are to:

1) determine seasonal movement patterns of mountain
goats in areas near the Kensington mine;

2) characterize mountain goat habitat selection patterns
and the extent of spatial overlap with areas impacted by
Kensington mine;
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3) estimate reproductive success and survival of mountain
goats in areas near the Kensington mine; and

4) estimate mountain goat population abundance and com-
position in areas near the Kensington mine.

STUDY AREA

Mountain goats were studied in a ca. 1077 km? area
located in a mainland coastal mountain range east of

Lynn Canal, a post-glacial fiord located near Haines in
southeastern Alaska (Figure 1). The initial study area was
oriented along a north-south axis and bordered in the south
by Berners Bay (58.76N, 135.00W) and by Dayebas Creek
(59.29N, 135. 35W) in the north. Within this area, three
separate study sites were delineated based on the actual or
expected extent of industrial activity occurring in or near
each locality.

An additional study area located east of Berners Bay was
established in spring 2006. This area was not originally
included in the study design. However, recent information
about road construction time lines resulted in a re-evalua-
tion of the efficacy of conducting research activities in this
area. Research effort in this area was relatively limited in
scope, and low intensity sampling in this area was intend-
ed to provide managers with baseline information needed
to assist future management efforts in light of the road
construction, gravel crushing and/or stock-piling that is
likely to occur in this area. Additional ADFG funding was
allocated to partially offset costs associated with research
activities in this area.

Elevation within the study areas range from sea level to
6300 feet. This area is an active glacial terrain underlain
by late cretaceous-paleocene granodiorite and tonalite
geologic formations (Gehrels 2000). Specifically, it is a
geologically young, dynamic and unstable landscape that
harbors a matrix of perennial snowfields and small glaciers
at high elevations (i.e. above 4000 feet) and rugged, bro-
ken terrain that descends to a rocky, tidewater coastline.
The northern part of the area is bisected by the Katzehin
river, a moderate volume (ca. 1500 cfs; USGS, unpub-
lished data) glacial river system that is fed by a tributary of
the Juneau Icefield.

The maritime climate in this area is characterized by cool,
wet summers and relatively warm snowy winters. Annual
precipitation at sea-level averages 55 inches and winter
temperatures are rarely less than 5° F and average 30°

F (Haines, AK; National Weather Service, Juneau, AK,
unpublished data). Elevations at 2600’ typically receive
ca. 250 inches of snowfall, annually (Eaglecrest Ski Area,
Juneau, AK, unpublished data). Predominant vegeta-

tive communities occurring at low-moderate elevations

Figure 1: Locations of mountain goats captured and subsequent-
ly monitored in the Lynn Canal study area, 2005-2011.

(<1500%) include Sitka spruce (Picea sitchensis)-western
hemlock (Tsuga heterophylla) coniferous forest, mixed-
conifer muskeg and deciduous riparian forests. Mountain
hemlock (Tsuga mertensiana) dominated ‘krummholtz’
forest comprises a subalpine, timberline band occupying
elevations between 1500-2500 feet. Alpine plant commu-
nities are composed of a mosaic of relatively dry erica-
ceous heathlands, moist meadows dominated by sedges
and forbs and wet fens. Avalanche chutes are common in
the study area, bisect all plant community types and often
terminate at sea-level.

METHODS

Mountain Goat Capture

Mountain goats were captured using standard helicopter
darting techniques and immobilized by injecting 3.0 - 2.4
mg of carfentanil citrate, depending on sex and time of
year (Taylor 2000), via projectile syringe fired from a
Palmer dart gun (Cap-Chur, Douglasville, GA). During
handling, all animals were carefully examined and moni-
tored following standard veterinary procedures (Taylor
2000) and routine biological samples and morphological
data collected. Following handling procedures, the effects
of the immobilizing agent was reversed with 100mg of na-
Itrexone hydrochloride per 1mg of carfentanil citrate (Tay-
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lor 2000; Figure 2). All capture procedures were approved
by the State of Alaska Animal Care and Use Committee.

GPS Location Data

Telonics TGW-3590 GPS radio-collars (Telonics, Inc.,
Mesa, AZ) were deployed on most animals captured
(Figure 2). Telonics MOD-500 VHF radio-collars were
been deployed on a subset (n = 23) of animals to enable
longer-term monitoring opportunities. During 2009-2011,
animals were simultaneously marked with GPS and light-
weight (Telonics MOD-410; Figure 2) VHF radio-collars
(370g). Double-collaring animals was conducted to extend
the period of time individual animals could be monitored
(lifespan, GPS: 3 years, VHF: 6 years), thereby increasing
the long-term opportunity to gather mountain goat survival
and reproduction data and reducing the frequency in which
mountain goats must be captured. The combined weight of
radio-collars attached to animals comprise 1.2% of aver-
age male body weight and 2.0% of average female body
weight and is well within the ethical standards for instru-
ment deployment on free-ranging wildlife.

GPS radio-collars were programmed to collect location
data at 6-hour intervals (collar lifetime: 2-3 years). During
each location attempt, ancillary data about collar activity
(i.e. percent of 1-second switch transitions calculated over
a 15 minute period following each GPS fix attempt) and
temperature (degrees C) were simultaneously collected.
Complete data-sets for each individual were remotely
downloaded (via fixed-wing aircraft) at 8-week intervals.
Location data were post-processed and filtered for “impos-
sible” points and 2D locations with PDOP (i.e. position
dilution of precision) values greater than 10, following
D’Eon et al. (2002) and D’Eon and Delparte (2005).

Diet Composition

Fresh fecal pellets were collected from live-captured
animals during the summer-fall period (late-July to mid-
October). Fecal pellet samples were also collected oppor-
tunistically during winter reconaissance and snow sur-
veys. Samples were sent to Washington State University
(Wildlife Habitat Analysis Lab, Pullman, WA) for dietary
analyses. Specifically, microhistological analyses of plant
cell fragments in pellet samples were conducted to provide
an estimate of diet composition for individual mountain
goats and a composite winter sample. Data were subse-
quently summarized by sex-class to determine whether
diet composition varied between males and females.
These analyses do not account for differential digestibility
of each dietary food item identified in diets. Nonethe-

less, while results do not necessarily provide an accurate
estimate of actual diet intake patterns they do provide a
reliable estimate of relative differences in diet composition
between males and females and seasonal trends.

Figure 2: Photograph of LG-132 (Male) following administration
of the naltrexone hydrochloride, used to reverse the effects of
chemical immobilization, Sawmill Creek, August 2009.

Habitat Selection, Activity and Movement Pat-
terns

Activity.—Activity sensor data were summarized at daily
intervals for each individual GPS radio-collared mountain
goat. Estimates for each individual were then categorized
based on animal sex in order to derive a sex-specific esti-
mate of average activity level for each day of the calendar
year. This procedure allows for determination of seasonal
patterns in mountain goat activity for males and females
separately.

Movement Patterns.—Planimetric distance between con-
secutive GPS locations for each individual was estimated
using the Geospatial Modeling Environment (GME), a
GIS software program. Estimates were then standard-
ized by including only consecutive locations separated by
6-hour intervals. Movement distances were then summa-
rized by individual animal, sex and day in order to esti-
mate sex-specific average daily movement rates.

Wintering Strategies and Elevational Distribution.—GPS
locations were intersected with the SRTM digital elevation
model using GME in order to determine elevation for each
GPS location. Average daily elevation was then estimated
for each individual animal and summarized by individual
animal, sex and day in order to estimate sex-specific aver-
age daily elevation. These data were then used to describe
seasonal patterns in distribution, specifically to determine
when animals conducted elevational migrations between
summer and winter ranges.

Habitat Selection and Modeling.—Resource selection
function (RSF) models (i.e. Boyce 2002) were developed
using mountain goat GPS location data and remote sens-
ing covariate data layers in a GIS framework in order to
describe where critical winter and summer habitats occur
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in the study area. A resource selection function can be
defined as: a model that yields values proportional to the
probability of use of a given resource unit (Boyce et al.
2002). Specifically, we employed a logistic regression-
based “used” vs “available” study design to estimate
resource selection patterns at the population-level (i.e.
1st-order selection, Johnson 1980). In order to estimate
resource availability in the study area, we randomly
selected locations throughout the study area at a density
of 30 locations per km?, a density determined to reliably

describe resource availability patterns in our study area (D.

Gregovich, unpublished data). Mountain goat GPS loca-
tions (ie. “used”) and “available” locations were then in-
tersected (using GIS) with a suite of biologically relevant
remote sensing data layers (Table 1, Appendix 8). These
data were then analyzed using logistic regression (GLM
function, stats package, Program R, ver. 2.13.1) to derive
selection coefficients for each covariate by individual
animal. The average inter-individual coefficient value (and
confidence interval) was computed for each covariate (ie.
the “two-stage” modeling framework; Fieberg et al. 2010)
and stratified by season (winter vs. summer) and study
area (East Berners vs. Lions Head/Sinclair/Villard). Strati-
fication by study area was deemed appropriate because
animals in the East Berners study area wintered at slightly
higher elevation than those along Lynn Canal. Covariates
considered to be significant were evaluated by examining
whether confidence intervals for a given covariate include
zero. Significant coefficient values were then multiplied
by respective covariate remote sensing data layers in GIS
using the following equation:

W(x) = exp(B,x, + BX, + ..

-+ Bx) D)

Where, w(X) represents a resource selection function

Figure 3: ADFG wildlife technician, Jeff Jemison, upon comple-
tion of a snow survey atop Echo Ridge, AK, 4/1/2011 (elev. =

2780 ft., snow depth = 206 cm/81 in)

Table 1. Remote-sensing covariates used to derive mountain
goat resource selection functions, 2005-2011, Lynn Canal, AK

Variable Definition Source Data

Elevation elevation (meters) SRTM DEM*
Slope slope (degrees) SRTM DEM*
Distance to escape terrain distance to areas with slope > 40 degrees SRTM DEM*
Solar radiation (Jan 1) solar radiation calculated for January 1 SRTM DEM?
Solar radiation (August 1) solar radiation calculated for August 1 SRTM DEM?
VRM vector ruggedness measure SRTM DEM?

'Calculated using the Spatial Analyst Extension in ArcGIS 10

“Calcualted using the solar radiation algorithm in ArcGIS 10 ( Fu and Rich 2002)

3Calculated using methods described in Sappington et al. (2007)

(RSF) that is proportional to the probability of use of
variables x; + X, +...+X . The resulting output was then
categorized (using the quantile function in ArcGIS10) to
characterize areas across the study area that differ in their
relative probability of use by mountain goats. The pre-
dictive performance of RSF models was validated using
k-fold cross validation (Boyce et al. 2002).

Winter Severity and Snow Modeling Data
Collection

Winter distribution of mountain goats is strongly influ-
enced by snow depth and distribution. Since patterns of
snow accumulation vary at both small and large spatial
scales it is often necessary to collect site-specific field

data in order to accurately characterize these relationships
within focal areas. Unfortunately, standardized snow depth
monitoring information is extremely limited within the
study area and additional information is needed in order to
properly characterize spatial patterns of snow accumula-
tion and, ultimately, mountain goat winter distribution.
Consequently, in 2006 we initiated field efforts designed to
create a snow depth database in order to generate spatially
explicit snow depth models within the study area.

Standardized field surveys were conducted in order to
estimate patterns of snow depth as it related to habitat
type (i.e. forested/non-forested), altitude, and slope aspect
(Figure 3). These efforts focused on four sites located in
different mountain goat winter ranges in 2007 but con-
sistent annual monitoring was conducted at only one site
located on Echo Ridge, near Davies Creek. During surveys
snow depth was measured at geo-referenced locations
along an altitudinal gradient (beginning at sea level). Snow
measurements were replicated at each sampling location

(n =5) and associated covariate information was collected.
Sampling locations were spaced at regular (100-200m)
intervals, depending upon terrain complexity. Steep (>35
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degrees), exposed slopes were, generally, not sampled due
to safety considerations. In addition, daily climate infor-
mation for reference weather stations was acquired from
the National Weather Service (Haines COOP Weather
Station).

Reproduction and Survival

Kidding rates and subsequent survival were estimated

by monitoring individual study animals during monthly
surveys using fixed-wing aircraft (usually a Piper PA-18
Super Cub) equipped for radio-telemetry tracking or via
ground-based observations (Figure 4). During surveys,
radio-collared adult female mountain goats were observed
(typically using 14X image stabilizing binoculars) to
determine whether they gave birth to kids and, if so, how
long individual kids survived. Monitoring kid produc-
tion and survival was only possible during the non-winter
months when animals could be reliably observed in open
habitats. We assumed that kids did not survive winter if

they were not seen with their mothers the following spring.

Cases in which kid status assessments were equivocal
were filtered from the data set and not used for subsequent
estimates of kid survival.

Mortality of individual radio-collared mountain goats

was determined by detecting radio-frequency pulse rate
changes during monthly monitoring surveys. In cases
where mortality pulse rates were detected, efforts were
made to investigate sites as soon as possible via helicopter
or boat. To the extent possible, all mortalities were thor-
oughly investigated to ascertain the cause of death and rel-
evant biological samples collected. We determined date of
mortalities via examination of activity sensor data logged
on GPS radio-collars. Annual survival of radio-collared
animals was estimated using the Kaplan-Meier procedure
(Pollock et al. 1989). This procedure allows for staggered
entry and exit of newly captured or deceased animals,
respectively.

Population Abundance and Composition
Estimation

Aerial Surveys.—Population abundance and composition
surveys were conducted using fixed-wing aircraft (Helio-
courier and PA-18 “Super Cub™) and helicopter (Hughes
500) during August-October 2005-2011. Aerial surveys
were typically conducted when conditions met the follow-
ing requirements: 1) flight ceiling above 5000 feet ASL,
2) wind speed less than 20 knots, 3) sea-level temperature
less than 65 degrees F. Surveys were typically flown along
established flight paths between 2500-3500 feet ASL

and followed geographic contours. Flight speeds varied
between 60-70 knots. During surveys, the pilot and expe-
rienced observers enumerated and classified all mountain
goats seen as either adults (includes adults and sub-adults)

or kids. In addition, each mountain group observed was
checked (via 14X image stabilizing binoculars) to deter-
mine whether radio-collared animals were present.

Population estimation.—The number of mountain goats in
each study area was estimated using Bayesian procedures
that involved statistically integrating survey-specific mark-
resight estimates and modeled covariate-based survey-lev-
el estimates (White and Pendleton 2011). Briefly, logistic
models were fit to predict average sighting probability for
all goats in an area during a given survey as a function of
survey level covariates that included: survey date, time of
day, aircraft type, temperature, sky conditions, wind (me-
dian and maximum), and the number of observers (<=2
vs. 3); models were fit using Bayesian procedures with

the program OpenBUGS. Bayesian models allowed for
including results from each survey along with covariate-
based sighting functions produced across many surveys to
improve the precision of the population estimates (relative
to Lincoln-Petersen type estimates) and provide estimates
when no marked goats were seen or when there were

no marked goats in the area (with certain assumptions).
These models also accounted for observed goats whose
collar status could not be determined (i.e. cases where the
view was insufficient to determine whether a goat was col-
lared or not).

Sightability Data Collection.-During aerial surveys, data
were simultaneously collected to evaluate individual- and
survey-level “sightability”. For accomplishing survey-lev-
el objectives, we enumerated the number of radio-collared
animals seen during surveys and compared this value to
the total number of radio-collared animals present in the

Figure 4: Nanny kid group, including a GPS radio-collared
female, observed during a activity sensor validation trial in the
Grandchild Peaks, AK, July 2011.
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area surveyed. To gather individual-based “sightability”
data, we characterized behavioral, environmental and cli-
matic conditions for each radio-collared animal seen and
not seen (ie. missed) during surveys. In cases where radio-
collared animals were missed, it was necessary to back-
track and use radio-telemetry techniques to locate animals
and gather associated covariate information. Since observ-
ers had general knowledge of where specific individual
radio-collared animals were likely to be found (ie. ridge
systems, canyon complexes, etc.), it was typically possible
to locate missed animals within 5-15 minutes after an area
was originally surveyed. In most cases, it was possible

to completely characterize behavioral and site conditions
with minimal apparent bias, however in some cases this
was not possible (ie. animals not seen in forested habitats,
steep ravines, turbulent canyons) and incomplete covariate
information was collected resulting in missing data.

Ground Surveys.—Evaluation of ground-based techniques
for estimating mountain goat population size and composi-
tion were conducted in a small portion of the Lions Head
study area in June 2006, the Mt. Villard area during June
2007, the Mt Villard and Mt Selby areas during June-July
2008, and the East Berners Mountains in July 2009. Previ-
ous research has concluded that aerial surveys are often
inadequate for providing accurate estimates of the pro-
portion of adult males and females, as well as sub-adults
during aerial surveys (Cote and Festa-Bianchet 2003);
only the proportion of adults and kids in a population can
be reliably estimated. As a result, ground-based survey
techniques were tested to evaluate whether this method
might serve as a reliable tool for classifying individuals of
separate sex and age classes during survey efforts.

Additional field efforts involved collection of GPS-collar
activity sensor validation data (Figure 4). In these cases,
individual study animals were observed during pre-pro-
grammed activity sensor evaluation periods (i.e. 15 minute
intervals following fix initiation events). During observa-
tion periods, detailed behavioral data were collected using
focal animal sampling procedures (Altman 1974).

RESULTS AND DISCUSSION

Mountain Goat Capture and Handling

Capture Activities.—Mountain goats were captured during
27 days in early-August to mid-October 2005-2011. Over-
all, 159 animals (75 females and 84 males) were captured
using standard helicopter darting methods and included 7
re-capture events (Appendix 2). Most animals (n = 135)
were deployed with Telonics GPS radio-collars (TGW-
3590; Figure 5). However, 23 animals were deployed with
conventional (i.e. non-GPS) VHF collars only. During
2009-2011, 29 animals were simultaneously marked with
GPS and lightweight (Telonics MOD-410) VHF radio-

Figure 5: Photograph of an adult female mountain goat (LG-105)
following deployment of a TGW-3590 GPS radio-collar, east
Berners Mountains, AK. The Hughes 500D helicopter, used for
capture, can be seen in the backgound.

collars (3709).

Helicopter captures were attempted during periods when
mountain goats were distributed at high elevations and
weather conditions were favorable (i.e. high flight ceiling
and moderate wind speed). Additionally, captures were
scheduled to avoid periods within 8 weeks of parturition
in order to avoid unnecessary disturbance of adult females
and associated neonates. Captures were attempted in areas
where mountain goat access to dangerously steep ter-

rain could be reasonably contained. As a result of these
constraints, opportunities to capture mountain goats were
fairly limited. Nevertheless, given the fairly large area of
study and decent summer weather conditions, it was typi-
cally possible to capture approximately six mountain goats
per day of effort.

Biological Sample Collection.—During handling proce-
dures, standard biological specimens were collected and
morphological measures recorded. Specific biological
samples collected from study animals included: whole
blood (4 mL), blood serum (8 mL), red blood cells (8mL),
ear tissue, hair and fecal pellets. Whole blood, serum, red
blood cells and fecal pellet sub-samples were either sent
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to Dr. Kimberlee Beckmen (ADFG, Fairbanks, AK) for
disease and trace mineral screening or archived at ADFG
facilities in Douglas, AK. During 2010, nasal and pharyn-
geal swab samples were collected from 5 animals to index
prevalence of respiratory bacteria.

Genetic Analyses.—Tissue samples from all mountain
goats captured since the inception of the study were geno-
typed by Aaron Shafer (University of Alberta, Edmonton,
AB) and included in continent-wide analyses of mountain
goat population genetics (Shafer et al. 2010). Shafer et al.
(2010) indicated that substantial genetic structuring exists
among mountain goats in southeast Alaska (and across
the western North American range of the species). More
recent analyses indicated that three genetically distinct
mountain goat populations occur in our study area [east
Berners mountains, Kakuhan range (including Lions Head
and Sinclair Mountain), and Mt. Villard]; population
boundaries generally coincide with our specific study area
boundaries (Shafer et al. 2012). These findings indicate
that gene flow between our study areas (with the excep-
tion of the Lion Head and Sinclair study areas, which

are genetically indistinct) is limited. Additional analyses
examined the extent to which mountain goat habitat selec-
tion characteristics and landscape configuration are linked
to genetic relatedness across the study area (Shafer et al.
2012). Results from this analyses indicated that small-
(i.e. distance to cliffs, heat load) and large-scale (i.e. river
valleys and marine waterways) landscape features are key
determinants of mountain goat gene flow across our study
area (Shafer et al. 2012).

Disease Surveillance.—In 2010, a subset of captured
animals (n = 5) were tested (Washington Animal Disease
Diagnostic Laboratory, Pullman, WA) for prevalence of
respiratory bacteria associated with incidence of pneumo-
nia (specifically Pasteurella trehalosi and Mycoplasma
ovipneumonia). However, even if such bacteria are found
in the upper respiratory tracts of animals sampled it does
not necessarily mean that a given animal has pneumonia,
only that the potential exists. In fact, it is not unusual for
reasonably high proportions of animals in a population

to have pneumonia associated bacteria and never show
adverse effects, particularly if animals are subject to mini-
mal stress (ie. nutritional limitation, severe winters, etc.).
Overall, none of the animals sampled in Lynn Canal tested
positive for Pasteurella trehalosi or Mycoplasma ovipneu-
monia, although other species of respiratory bacteria were
found. While sampling was limited, these results differ
from those acquired for samples collected in 2010 from
three other populations in southeast Alaska (Appendix 3).
Until additional samples are collected, the overall findings
must be considered preliminary.

Blood serum samples collected from captured animals
were also tested for a suite of 15 different diseases rel-
evant to ungulates (Appendix 4). Of particular interest

was contagious ecthyma (CE), a viral disease previously
documented among mountain goats in Haines and other
areas of southeast Alaska. Common symptoms of CE
include presence of grotesque lesions on the face, ears, and
nose which can lead to death of animals, primarily those in
young or old age classes; healthy adults commonly survive
the disease. Of the 63 animals successfully tested for CE
only one animal tested positive for CE-specific antibod-
ies; a lower level of prevalence relative to other southeast
Alaska populations tested in 2010 (n = 4), however sample
sizes for some of the other populations were relatively low.

Overall, disease testing indicated that mountain goats in
our study area exhibited limited exposure to nearly all of
the 15 diseases assayed (Appendix 3). While such results
indicate that animals in our study area are relatively free of
disease exposure it is critical to recognize that such find-
ings likewise suggest that our study populations are prob-
ably highly vulnerable to introduced pathogens, as previ-
ous exposure and apparent immunity appears to be low (K.
Beckmen, ADFG Veterinary Services, Fairbanks, AK).

Trace Mineral Testing.—In 2010, whole blood and serum
samples were analyzed to determine trace mineral concen-
tration in 6 mountain goats in order to examine whether
mineral deficiencies were prevalent in our study popula-
tion (Appendix 5). However, limited comparable data are
available to interpret our findings and documented defi-
ciency threshold values are incomplete for mountain goats.
Nonetheless, data collected in this study will be useful for
future comparisons within and between populations.

GPS Location Data

GPS System Performance.—The performance of GPS
radio-collars (Telonics TGW-3590) was evaluated for 124
collars deployed since the beginning of the study (Appen-
dix 6). In general, the remote GPS data collection system
used in this study worked as expected. Specifically, we did
not encounter any significant problems with GPS collar
performance, nor did any notable problems occur with
remote data download attempts. This high level of success
was achieved despite occasionally poor weather condi-
tions and, in some cases, substantial download distances
between aircraft and mountain goats (i.e. up to 3 miles).
However, several pre-programmed bi-monthly GPS data
download periods were missed due to weather conditions.
Nevertheless, it was always possible to download missed
GPS data on subsequent surveys.

Overall, 193,681 GPS locations were acquired from the
124 GPS collars deployed. This comprised 83% of the to-
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tal possible GPS fixes attempted (n = 233,497); an accept-
able fix success rate. Field testing during 2006 indicated
that location dispersion (an index of accuracy) was lowest
in open habitats (median = 20.1 m, mean = 28.3+3.0 m, n
= 11), intermediate in cliff habitats (median = 46.8, mean
=50.7£15.4 m, n = 3) and highest in forested habitats (me-
dian = 40.6 m, mean = 69.7£15.1 m, n = 11). Since remote
sensing data layers used for habitat modeling are typically
refined to 30 m resolution, the level of accuracy of GPS
locations is acceptable for routine applications.

Activity Sensor Validation.— Detailed behavioral data was
collected for seven GPS radio-collared mountain goats in
order to validate data collected by activity sensors imbed-
ded in radio-collars. The activity sensor data calculates the
percent of mercury tip-switch transitions over a 15 minute
period commencing at pre-programmed times linked to
GPS location acquisition attempts. Seventeen data collec-
tion trials were conducted in which actual animal behavior
over a continuous 15 minute period was collected and later
compared to activity sensor data (downloaded remotely
from GPS collars). Overall, these data indicate that the
percent of activity tip-switch transitions negatively cor-
related with percent of time animals are bedded (r?> = 0.77)
and positively correlated with the percent of time active
(r> = 0.85; Appendix 7). Active behavior was proportion-
ally comprised of feeding (0.46), vigilant (0.26), grooming
(0.14), walking (0.13) and social interactions (0.01). In
summary, the activity sensor validation results provide an
important link between remote sensed activity sensor data
(collected simultaneous with GPS locations) and actual
animal behavior. Thus, these data provide a foundation for
examining biological hypotheses related to factors govern-
ing mountain goat activity budgets (i.e. seasonality, sex,
reproductive status) and habitat selection.

Diet Composition

Diet Composition.—Preliminary estimates of diet com-
position during the summer-fall period indicate that four
major forage types were the most important constituents
of mountain goat diets. Specifically, sedges/rushes, li-
chens, forbs and ferns (in order of decreasing importance)
comprised 85% of diets. Interestingly, some differences

in diet composition between the sexes was evident. In
particular, preliminary evidence suggests that sedges/
rushes were more common in male diets while ferns were
more common in female diets (Figure 6). Overall, the most
common individual food items in diets during summer-fall
were Carex sp. (20.7%), Luzula/Juncus sp. (14.4) (sedges/
rushes), Cladonia sp. (11.4)(lichen), Lupinus nootkatensis
(8.6%)(forb) and unidentified fern rhizomes (7.4%)(Figure
7a). During winter, diets were overwhelmingly composed
of conifer needles (Tsuga sp., 72.5%) and also included
Lobaria sp. lichen (11.7) and Vaccinium sp. (9.9%)(Figure
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Figure 6: Percent diet composition of male and female mountain
goats between late-July to mid-October, 2005-2006 in the Lynn
Canal study areas. Estimates are not corrected for differential
digestibility of food items.
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Figure 7a: Percent diet composition of all mountain goats (sexes
combined) between late-July to mid-October, 2005-2006 in the
Lynn Canal study areas. Estimates are not corrected for differen-
tial digestibility of food items.
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Figure 7b: Percent diet composition of mountain goats (unknown
sex) in mid-February, 2006 in the Echo ridge area. Estimates are
not corrected for differential digestibility of food items.
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Figure 8: Relationship between mountain goat activity and time
of year for GPS-marked male and female animals, 2005-2011,
Lynn Canal, AK.
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Figure 9: Relationship between mountain goat movement dis-
tance and time of year for GPS-marked male and female (with
and without kids) animals, 2005-2011, Lynn Canal, AK.
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Figure 10: Relationship between mountain goat mean daily
elevation and time of year for GPS-marked male and female
animals, 2005-2011, Lynn Canal, AK. Elevation, 2005-2010.

7b).

Habitat Selection, Activity and Movement Pat-
terns

Activity.—Mountain goat activity patterns demonstrated
distinct seasonal patterns (Figure 8). In general, activ-

ity was lowest during December-April (ie. winter) and
increased substantially during green-up and peaked in
mid-summer (Figure 8). Activity gradually declined dur-
ing late-summer into fall (Figure 8). Interestingly, activity
declined substantially during late-October through early-
December among males, but not females (Figure 8).

The reduction in activity among males during late-fall co-
incides with the breeding season, or rut. Geist (1964) and
Mainguy et al. (2008) described a similar pattern among
Canadian mountain goats. The reduced activity during the
rut is specifically related to a decline in foraging and an
increase in standing behavior (Mainguy et al. 2008). The
reduction in foraging among males during the breeding
seasonal is commonly observed in polygynous ungulates.
This phenomena is not completely understood but may
be related to production of scent marking compounds that
physiologically result in appetite suppression (Miquelle
1990). The increase in standing behavior during the rut
may be related to males investing time in looking for
mates (and presumably monitoring reproductive receptiv-
ity) and competing males (Mainguy et al. 2008).

The reduction in activity during winter is likely related

to senescence of deciduous vegetation and accumulation
of snow. These factors result in significant reductions in
forage quality and availability and increases in costs of
locomotion. As a consequence, mountain goats, like other
northern ungulates (i.e. Parker et al. 2009), experience

a negative energy balance during the long winter season
and engage in behavioral strategies designed to reduce
energetic expenditures in order to conserve endogenous
nutritional reserves.

Movement Patterns.—Mountain goat movement rates
exhibited seasonal variation such that movement rates
were low (ca. 100 m/6-hrs) during winter and 4-5 times
higher during mid-summer (400-500 m/6-hrs)(Figure 9).
Similar to activity patterns, movement rates generally
increased during late-spring (ca. mid-May) and declined
during fall (mid-Sept). Within this seasonal framework,
sex- and reproduction-specific differences were evident.
Specifically, parous females demonstrated a distinct 2-4
week depression in movement rates during the parturi-
tion, or kidding, season relative to females that did not
have a kid (Figure 9). This pattern is likely related to the
restricted mobility of neonates during the first few weeks
of life. During the fall breeding season, male movement
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rates increased significantly relative to females (Figure
9). This pattern likely occurs because polygynous males
are travelling widely during the breeding season in search
of receptive females. During the winter, movement rates
are severely restricted, similar to activity, and represent a
behavioral strategy designed to reduce energetic costs in
nutritionally depauperate, snowy winter ranges.

Wintering Strategies and Elevational Distribution.—Along
the Pacific coast, mountain goats exhibit elevational migra-
tions from alpine summer range to low-elevation, forested
winter ranges where snow depths are relatively reduced
(Herbert and Turnbull 1977, Fox et al. 1989). This pattern
contrasts with mountain goat populations in colder, drier
(generally interior) climates where mountain goats typically
winter at high elevations on windblown slopes. In our study
area, nearly all animals exhibited migrations to low eleva-
tion habitats between 1000-1500 feet, on average (Figure
10). In some areas, particularly along Lynn Canal, moun-
tain goats spent considerable time below 500 feet, including
several cases where animals wintered in close proximity to
high tide line. In contrast, in a few isolated instances moun-
tain goats in specific locations (i.e. Meade Glacier, Antler
Lake, Grandchild Peaks; n = 7 animals) wintered at high
elevations. This is likely linked to colder, drier and windier
climates in these areas and/or restricted access to warmer,
less snowy coastal wintering habitats. Nonetheless, nearly
95% of the mountain goats monitored with GPS radio-
collars wintered in low elevation forested habitats. Typi-
cally, migration from low elevation winter ranges to alpine
summer range commenced in mid-May; females tended to
initiate migrations ca. 2 weeks earlier than males, on aver-
age (Figure 10). Migration from summer range to winter
ranges typically commenced in mid-October and coincided
with the first significant alpine snowfall events (Figure 10).

Resource Selection Modeling.—Mountain goat resource
selection was analyzed separately for the winter and sum-
mer seasons based on previously described differences in
seasonal altitudinal distribution (Figure 10). In addition,
apparent differences in winter range elevational distribu-
tion between the East Berners and Lynn Canal areas (Lions
Head, Mt. Sinclair and Mt. Villard) justified derivation of
separate resource selection