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Executive Summary 
The Skagit River Watershed is an important ecosystem. It is situated east of a major 
metropolitan centre (Metro Vancouver and the Fraser Valley), and west of the dry interior 
ecoregion, the Okanagan, and it is the largest continuous swath of Coastal and Coastal 
transitional forest that connects Washington State with British Columbia. The Skagit 
River Watershed has a diverse assemblage of ungulate species, including mountain goat 
(Oreamnos americanus), black-tailed and mule deer (Odocoileus hemionus columbianus 
and O. h. hemionus), elk (Cervus elaphus), and moose (Alces alces). These species reflect 
the diversity of habitat types that occur in the Skagit River Watershed, and are important 
for ecosystem function, and provide recreational viewing and hunting opportunities. 
 
Jex (2007) conducted inventories of mountain goat winter ranges (GWRs) in the Skagit 
River Watershed during the winter of 2007. A total of 11 new GWRs were identified 
(based on goat observations), and 3 previously known GWRs were also confirmed as 
occupied. Jex (2007) also identified two new deer winter ranges. In July 2007, surveys 
also identified a total of nine natal and summer ranges. Goat winter ranges and natal and 
summer ranges were resampled in 2008 to confirm the findings of Jex (2007). Forty-three 
observations (tracks and animals) were recorded on 10 of the 13 (77%) winter ranges. 
The 11 winter ranges were resurveyed in March 2012, and 36 observations (tracks and 
animals) were made on 8 winter ranges (73%). Occupation of winter ranges may be used 
for long-term trend monitoring, as the proportion of occupied sites will directly correlate 
with changes in population size.  
 
The track index and detection of mountain goats on the winter ranges sampled in 2012 
were lower than in 2007 and 2008. While the track index was 28% lower in 2012 versus 
2008, there was no statistical difference in track densities. This is likely due to the fact 
that there was inadequate statistical power to detect difference in track densities. 
 
Incidental observations of other wildlife species were relatively low. Deer and snowshoe 
were the most detected species (tracks only). A moose was detected at 1,200 m elevation 
on the north side of Highway 3 in Manning Park, and moose have not been observed 
during previous winter flights. 
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Introduction 
Mountain goats (Oreamnos americanus) are present in most of the high mountain ranges of 
British Columbia (Shackleton 1999). Over half of the world’s population of mountain goats 
occur in British Columbia, and BC has a significant global responsibility for the conservation of 
this species (Côté and Festa-Bianchet 2003). Mountain goats are ranked as a Priority 1 species 
(highest) under the Conservation Framework for Goal 2: Preventing species and ecosystems 
from becoming at risk (BC Ministry of Environment 2009). 
 
The Skagit River Watershed is ecologically unique. In British Columbia, it is situated east of a 
major metropolitan centre (Metro Vancouver and the Fraser Valley), and west of the dry interior 
ecoregion, the Okanagan. The Skagit River Watershed is an important ecosystem, as it is the 
largest continuous swath of Coastal and Coastal transitional forest that connects Washington 
State with British Columbia. This landscape corridor is critical for species such as grizzly bear 
(Ursus arctos), where the threatened North Cascade population occurs, and wolverine (Gulo 
gulo). Both species need large areas of relatively undisturbed landscape for their long-term 
persistence. The Skagit River Watershed also has a diverse assemblage of ungulate species, 
including mountain goat (Oreamnos americanus), black-tailed and mule deer (Odocoileus 
hemionus columbianus and O. h. hemionus), elk (Cervus elaphus), and moose (Alces alces). 
These species reflect the diversity of habitat types that occur in the Skagit River Watershed, and 
are important for biodiversity, ecosystem function, and provide recreational viewing and hunting 
opportunities. Ungulates are a critical food source to many carnivore species that occur in the 
Skagit River Watershed such as grizzly bear, wolverine, wolves (Canis lupus), and cougar  
(Puma concolor), and their persistence is largely dependent on healthy ungulate populations 
(Spalding and Lesoski 1971, Fuller 1989, Weaver et al. 1996, North Cascade Grizzly Bear 
Recovery Team 2004, Lofroth et al. 2007). 
 
Various studies of ungulates have been conducted in the Skagit River Watershed, British 
Columbia, over the past 40 years. These include mountain goats, black-tailed and mule deer, and 
elk (Barnard 1986a and b, 1987a, b and c, Jex 2007, Nietvelt et al. 2010). Barnard (1986a and b, 
1987a, b, and c) had summarized data and studies on mountain goats, deer, and elk in the Skagit 
River Watershed. Barnard (1987a) stated that the mountain goat population in the Skagit River 
Watershed was at a depressed level, and this was also described by Jex (2007). Barnard (1987c) 
estimated deer populations in the Skagit River Watershed, and concluded that the 1986 
population was considered healthy (estimated at 1,602 animals).  
 
Jex (2007) conducted inventories of mountain goat winter ranges (GWRs) and natal/summer 
ranges (GNRs) in the Skagit River Watershed in 2007. A total of 11 new GWRs were identified, 
and goat occupation in three previously known GWRs were also confirmed. A total of nine natal 
and summer ranges were also delineated. There are 27 deer winter ranges (DWRs) that had 
previously been identified in the Skagit River Watershed by Freeman (2001). Jex (2007) had 
confirmed use of these 27 DWRs, and had also identified two additional DWRs. Goat winter 
ranges and natal and summer ranges were resampled in 2008 to confirm the findings of Jex 
(2007). One of the newly identified DWRs by Jex (2007) was also resampled to confirm 
occupation. In 2008 a track index was also developed for long-term trend monitoring of 
mountain goats. 
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On March 8, 2012, the 11 GWRs identified and mapped by Jex (2007) were resurveyed to 
confirm occupation, build on long-term trend data, and to recalculate the track index. Incidental 
observations of wildlife were also recorded. 

Study Area 
This study occurred in the Skagit River Watershed in southwest British Columbia (Figure 1), 
approximately 170 km east of Vancouver and 25 km southeast of Hope (Fedoruk, 2008). The 
Watershed encompasses a total area of approximately 8,133 km2, straddling Washington State 
and British Columbia, of which approximately 1,036 km2 is in British Columbia (Barnard 
1986a). On the British Columbia side, this watershed encompasses Skagit Valley Provincial 
Park, the eastern portion of E.C. Manning Provincial Park, and the Cascade Recreation Area, and 
these protected areas encompass approximately 70% of the total area (Figure 1). 
 
The Skagit River Watershed is ecologically unique, as it is contains coastal, interior and 
transitional habitats (Barnard 1986a). A total of six biogeoclimatic zones occur in the Skagit 
River Watershed. These include:  
 

1. Alpine Tundra and Mountain Hemlock 
2. Alpine Tundra and Engelmann Spruce-Subalpine-Fir 
3. Mountain Hemlock 
4. Engelmann Spruce-Subalpine-Fir 
5. Coastal Western Hemlock 
6. Interior Douglas Fir 

 
These mixtures of different biogeoclimatic zones make the Skagit River Watershed diverse 
ecologically. Approximately 333 fish and wildlife species occur in the Skagit River Watershed, 
and 80 of these species are Red (endangered/threatened) or Blue (special concern) listed in 
British Columbia (Armstrong 2007, Fedoruk 2008). 
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Methods 
Initial mountain goat winter and natal/summer range inventories were conducted by Jex (2007) 
following methodologies used during other regional GWR surveys and described below. These 
surveys were repeated in 2008 to confirm the findings reported in 2007. On March 8, 2012, goat 
winter range surveys were repeated (except for two polygons due to time constraints), focusing 
on the winter ranges identified by Jex (2007). Incidental observations of wildlife were also 
recorded during these flights. 

Mountain Goat Winter Range Survey 
Consistent with RISC standards (RISC 2002), these flights were conducted during mid-day 
(1000 to 1500 hours) when goats and or tracks are most easily observed. The survey was 
conducted approximately 2-3 days after a snowfall, allowing time for tracks to accumulate, and 
therefore increasing the likelihood of detection. Surveys were conducted when it was clear and 
sunny, and therefore visibility was excellent. A Bell 206 Jet Ranger helicopter was used for this 
flight, and was equipped with a GPS, audio and video for data capture. Valley Helicopters of 
Hope, British Columbia, have devised an audio-video data capture system whereby audio 
commentary by the observers and the GPS coordinates are transcribed to video. This video, 
transferred to DVD, can be watched after the flight to confirm and revisit the observations and 
associated coordinates. This system served as a back-up to notes and GPS locations taken by the 
observers in the helicopter. The video camera was mounted under the helicopter, and it also 
provided a visual of the vegetation and topography with real-time GPS and audio. Shapefiles of 
these GWRs were uploaded to an Archer Field PC with ArcPad 7.0 tethered to a Garmin GPS 
60CSx to provide navigation so that each GWR was adequately sampled. A track file from the 
GPS was collected as a record of the flight path, and can be used to both calculate an index of 
relative abundance, and for repeating the flight line for long-term monitoring.   
 
When ungulate tracks were encountered, the number of tracks from different animals were 
estimated. Since there is some overlap in the range of deer and goats, tracks were identified to 
species by experienced observers. Efforts were made to locate animals, and when deer or goats 
were encountered, the number of individuals were recorded and classified by age and sex when 
possible (e.g. animal safety was paramount and occasionally an identification attempt was 
aborted when an animal reacted negatively to the helicopter). For mountain goats, classification 
included: billy (adult male), nanny (adult female), sub-adult billy or nanny, kid (< 1 year old), or 
unknown (Jex 2007). The main objective for the 2007 surveys was to identify occupied goat 
winter ranges; baseline information for population trend and occupancy monitoring was initiated 
in 2008. 
 
Track density (TD) was the metric used to quantify mountain goat use of winter ranges. Track 
densities were calculated as follows: 
 

𝑇𝐷 = (�𝑇𝑅) ∕ (�𝐷)  ∕
𝑖𝑖

 𝑇  

 
Where TR is the number of tracks in polygon i, D is the distance (km) sampled in polygon i, and 
T is the time since last snowfall in days. This index is therefore expressed as tracks/km/day, and 
is a measure of relative abundance (O'Donoghue et al. 1997, Bayne et al. 2008, Johnson 2008, 
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Nietvelt et al. 2010). The distance sampled in each polygon, D, was calculated in ArcGIS using 
the track file obtained from the GPS during the flight. 
 
Powers analysis is used to estimate the sample size needed at a specified probability (power = 1 
– β) to determine (at the α level) if there is a significant difference or effect (effect size; Johnson 
1999). A power analysis was performed using data from this study to determine what the 
statistical power is at the given number of winter ranges and known variance (note: the sample 
unit is the Skagit River Watershed). This was simulated for hypothetical deviations from the 
mean of 25% and 50% (i.e., 2.5% and 5% change per year over a 10 year period), and a 
significance level of 80% (α = 0.20). It is important to know the limitations of these data when 
quantifying changes in mountain goat use of winter ranges over time (Cohen 1988, Thomas and 
Krebs 1997, Schieck 2002, Herbers et al. 2007, Nielsen et al. 2009). Differences in track 
densities were compared using a t-test assuming unequal variance (α = 0.20). All statistical 
calculations were performed using JMP (© SAS Institute Inc. 2007).  
 
This winter range survey was a presence / not detected survey (RISC 2002, Jex 2007). Since the 
population of mountain goats in the Chilliwack Forest District are considered to be low (Jex 
2007), detection of mountain goats on winter ranges may be less than 1 (i.e., < 100%; 
MacKenzie et al. 2002, MacKenzie 2005). In other words, it is possible not to detect goats on a 
winter range during a single flight, even though they may be present, and this is likely due to a 
low population density. The proportion of winter ranges where goats were detected (occupancy, 
ψ) was calculated for both 2007 and 2008 surveys. However, since these winter range polygons 
were only sampled once during the winter, detection probabilities, p, for each GWR could not be 
calculated (MacKenzie 2005). 

Other Wildlife Species 
Incidental observations of wildlife were recorded during the mountain goat winter range flight. 
These observations were positive identifications of animals, and a GPS coordinate was obtained. 
Tracks from species other than mountain goat and deer were difficult to decipher, and only 
positive observations are reported here. 
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Results 

Mountain Goat Winter Range Survey 
Eleven of the 14 GWRs in the Skagit River Watershed were resurveyed on March 8, 2012 
(Figure 2). All of the 11 SEEC GWRs identified by Jex (2007) were sampled. Thirty-four 
observations (tracks and animals) were recorded on 8 of the 11 (73%) winters ranges (Table 1). 
Only three mountain goats (adult, unknown sex, nanny & kid) were observed (Table 1). 
Sightability of goats was poor, but detection of tracks was high. Similar results were obtained in 
the previous GWR flights in 2007 and 2008 (Table 2). Flights in 2007 had the most observations 
of mountain goats (11), while 9 goats where observed in 2008 (Table 1). 
 
There were differences in detection between 2007, 2008, and 2012. In 2007, mountain goats 
were detected on all GWRs (100%), in 2008 mountain goat use was detected on 77% of the 
GWRs sampled and in 2012 goats were detected on 73% of GWRs (Table 2).  In 2008, a track 
file collected on the GPS allowed for the calculation of an index of mountain goat use that may 
be used for long-term monitoring on a watershed level. The mean track density observed for the 
2012 flight was 0.21 tracks/km/day, with a coefficient of variation of 86.5% (Table 3, Figure 5). 
Given this variance and a statistical probability of 80% (α = 0.20), the statistical power is 41% 
when detecting a 28% change in track density. Similarly, the statistical power is 71% when 
detecting a 50% change in tracks density. Statistically, there was no difference in track densities 
between 2008 and 2012 (p = 0.24), although there is a 28% difference in track densities. 
  



 

7 
 

Table 1: Mountain goat observations from the 2007, 2008, and 2012 winter range flights. 

2007 FLIGHT 
Observation Number Notes 

 
Tracks 41 Each location includes one or more sets of tracks 
Goat 2 Nanny and kid 
Goat 6 2 Nannies, 2 Kids, 2 Sub-adult nannies 
Goat 1 Billy 
Goat 2 Nanny and kid 

TOTAL 52  
2008 FLIGHT 

Tracks 38 Each location includes one or more sets of tracks 
Goat 1 Unknown age and sex 
Goat 2 Unknown age and sex 
Goat 2 Nanny and kid 

TOTAL 43  
2012 FLIGHT 

Tracks 33 Each location includes one or more sets of tracks 
Goat 1 Adult or Unknown Sex 
Goat 2 Nanny and Kid 

TOTAL 36  
 
Table 2: Difference in occupancy (ψ) of mountain goats on winter ranges: 2007, 2008 and 2012. 

Year sampled Number of Winter 
Ranges Sampled 

Number Occupied 
(confirmed) 

Percent Occupied (%) 

2007 14 14 100.0 
2008 13 10 76.9 
2012 11 8 72.7 

 
Table 3: Means, standard deviations (SD), and coefficient of variation (CV) of mountain goat 
track densities (tracks/km/day), 2007, 2008 and 2012. 

Year Sampled Mean SD CV (%) 
2008 0.30 0.35 113.2 
2012 0.21 0.18 86.5 
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Figure 2: Observations of mountain goats (tracks and animals) on winter ranges, March 8, 2012.
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Figure 3: Observations of mountain goats (tracks and animals) on winter ranges, January 23, 2008.
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Figure 4: Observations of mountain goats (tracks and animals) on winter ranges, Jan 30-Mar 27, 2007.
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Figure 5: A comparison of track densities (tracks/km/day) of mountain goats on identified winter 
ranges in the Skagit Watershed, from the January 23, 2008 and March 8, 2012 flights. 
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Other Wildlife Species 
There were a number of incidental wildlife observations (sign and animals). These include 
mule/black-tailed deer (Odocoileus hemionus columbianus/hemionus), lynx (Lynx canadensis), 
moose (Alces alces), and a golden eagle (Aquila chrysaetos) (Table 3). Many tracks (not 
counted) of snowshoe hare (Lepus americanus) were also observed. 
 

Table 4: Observations of deer (black-tailed and mule), lynx, golden eagle, and moose during the 
March 8, 2012 mountain goat winter range flight. 

Species Sign Number Notes 
 

Deer Tracks 10  
Lynx Tracks 1  
Golden Eagle Animal 1 Adjacent to winter range. 
Moose Animal 1 Moose seen at 1,200 m elevation in Manning 

Park 
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Discussion 
Repeated surveys of GWRs in 2012 were successful at confirming the location and use (presence 
/ not detected) of these habitats, as well as calculating an index of relative use for long-term trend 
monitoring. Mountain goat sightability was poor, although sightability of tracks during GWR 
surveys was high. Incidental sightings of wildlife included mule / black-tailed deer, moose, 
golden eagle, and lynx tracks. 

Mountain Goat Winter Ranges 
The track index and detection of mountain goats on the winter ranges sampled in 2012 were 
lower than in 2007 and 2008. While the track index was 28% lower in 2012 versus 2008, there 
was no statistical difference in track densities. This is likely due to the fact that there was 
inadequate statistical power to detect difference in track densities. The statistical power is only 
41% (α = 0.20) when detecting a 28% difference in track densities. A power of at least ≥80% is 
considered acceptable for detecting differences between samples (Schieck 2002). A greater 
number of GWRs need to be sampled within the Watershed or geographic area in order to 
increase statistical power for detecting change in the track index [see Nietvelt (2012) for 
discussion]. The number of GWRs needed to be sampled will vary, depending on the magnitude 
of change [e.g., 25% change versus 50%; see Nietvelt 2012)]. 
 
Sightability of mountain goats was very poor. Only 3 mountain goats were sighted during the 
2012 survey. In 2007, a total of 11 goats were sighted (2 flights), and in 2008, 5 goats were 
observed. Winter surveys of mountain goats often have poor sightability, especially in coastal 
environments, since goats are frequently in forested areas (snow interception cover), and their 
white coats make them more cryptic against white snow (RISC 2002).  
 
Sightability of mountain goats in general can be problematic regardless of the ecosystem (Poole 
2007, Rice et al. 2009). Many factors contribute to the sightability of mountain goats. Rice et al. 
(2009) found that sightability (during summer surveys) was most affected by group size, terrain 
obstruction, and vegetation obstruction in the North Cascades of Washington. However, these 
authors determined that group size was the key factor affecting mountain goat sightability during 
aerial surveys. Rice et al. (2009) also found that terrain obstruction (e.g., crevasses, caves, 
overhanging ledges, and other rock formations) was second to group size in determining 
sightability. These authors had observed goats seeking cover in terrain features in response to 
survey disturbance. Vegetation obstruction was not as strong of a covariate as either group size 
or terrain obstruction with respect to sightability, as these authors found that goats were typically 
found in areas of low or sparse vegetation. 
 
Occupancy of the winter ranges was proportionately less in 2012 than in 2007 and 2008. Goats 
were detected on 8 of the 11 GWRs sampled (72.7%), as opposed to 76.9% in 2008, and 100% in 
2007. Moreover, 2 winter ranges sampled in 2008 had no goats detected (SEEC-3 and 4), while 
in 2012, goats were observed on these same winter ranges. Similarly, one winter range had goats 
present in 2008 (SEEC-7), while goats were not detected during the 2012 flight. This 
underscores the fact that while no goats were detected on a winter range on a given flight, it does 
not mean that there were no goats present. In this case, it is likely that goats were present but not 
detected (MacKenzie et al. 2002).  
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Since only one flight was conducted in 2008 and 2012, the detection probability, p, could not be 
calculated. The detection probability in this case would be sampling the winter range polygon, i, 
sampled on T sampling occasions (MacKenzie et al. 2002). For example, if two flights were 
conducted within a short time frame (i.e. weeks apart), and goats were detected on one occasion 
and not the other, then p = 0.50. It is proposed that for all future goat winter range monitoring in 
the South Coast that at least two flights are to be conducted for a subset of winter ranges in order 
to calculate a detection probability (Nietvelt 2012). The flights over the same GWR should not 
occur on consecutive days to avoid the decreased sightability problem observed by Poole (2007). 
Occupancy is a useful metric, and changes in occupancy can act as a surrogate for population 
size (MacKenzie 2005). MacKenzie (2005) suggests that this method is applicable on a large 
scale (e.g. watershed) for species that are cryptic and occur at low densities. This assumes that 
changes in the proportion of occupied sites will directly correlate with changes in population size 
(Zielinski and Stauffer 1996, Mackenzie 2005, MacKenzie at al. 2005). This is particularly 
important when monitoring GWRs in proximity to industrial developments. For example, 
abandonment of a GWR may occur if access or human activities are relatively close (e.g., ≤ 500 
m; Nietvelt 2012). 

Other Wildlife Species 
Incidental observations of other wildlife species were relatively low.  However, this is not 
unexpected given the targeted nature of this goat survey. Deer and snowshoe were the most 
detected species (tracks only). A moose was detected at 1,200 m elevation north of Highway 3 in 
Manning Park, and this was the most unusual observation. Moose have been observed in the 
Skagit Valley during winter 2008 (Nietvelt et al. 2010), but winter sightings have not been 
recorded in Manning Park in previous years. However, moose were recently photographed at 
wolverine camera stations in Manning Park in the spring and summer of 2011, and tracks have 
been observed in Manning Park along the Highway 3 corridor during the winter of 2011-2012 
(Ministry of Environment, unpublished data). Numbers of moose are likely low, and suitable 
winter habitat is limited (Nietvelt et al. 2010). 

Summary, Future Monitoring, and Data Gaps  
Surveys of mountain goat winter ranges in 2012 revealed less than perfect detection. Goats were 
detected on 8 of the 11 winter ranges sampled, less than in 2007 and 2008. The track index was 
also lower in 2012 than in 2007 (28% less). Statistical power is only 41% when the change in 
track density is 28%, and is much lower than the desired ≥ 80% when detecting differences 
between samples. A greater number of GWRs need to be sampled within the Watershed or 
geographic area in order to increase statistical power for detecting change in the track index.  
 
Repeated surveys of goat winter and natal/summer ranges were successful at confirming use of 
these habitats over a five year time frame. Detection of mountain goat use was highest during the 
winter months since tracks were visible in the snow. Detection of tracks allows for two metrics 
to be calculated: a track density, and a detection probability. Both of these metrics are useful for 
long-term trend monitoring of these winter ranges as a possible surrogate for absolute population 
counts. 
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A moose was sighted at 1,200 m in Manning Park on the north side of Highway 3. Moose had 
not been recorded in Manning Park in previous winter flights, and have only recently been 
observed in Manning (in 2011). 
 
Suggestions for future monitoring, refinements and data gaps include: 
 

1. Resample the mountain goat winter ranges every 3 years. Within the winter sampling 
period, all GWRs should be sampled at least twice to calculate detection probabilities. 
This task could be completed with about 10-12 hours of helicopter time, and in-kind 
contributions from Ministry staff. 

2. Conduct more thorough mountain goat summer range helicopter flights in order to obtain 
a better population estimate. Flights conducted as part of this study were to assess 
occupancy of the natal/summer ranges, and not a population census. Each survey would 
require about 5-6 hours of helicopter time, and in-kind contributions from Ministry staff. 
 

Collectively, information on ungulate ecology in the Skagit River Watershed will be useful for 
other conservation initiatives and land management. Mountain goats are highly sensitive to 
human disturbance such as helicopters (Festa-Bianchet and Côté 2008), and baseline information 
on their distribution is critical for land use activities. Trend monitoring of the goat population in 
the Skagit, can also provide comparison to goat population trends elsewhere in the District or 
Region. Moreover, over half of the world’s population of mountain goats occur in British 
Columbia, and BC has a significant global responsibility for the conservation of this species 
(Shackleton 1999, BC Ministry of Environment 2009). Rare carnivores that occur in the watershed 
such as grizzly bear, wolverine, and wolves are highly dependent on ungulates as a food source, 
and gaining a better understanding of ungulate distribution and ecology will aid in the 
conservation of these species, and allow for more informed management decisions. 
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