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ABSTRACT 

We studied mountain goats (Oreamnos amencanus) along Pinto Creek, 

Alberta because of the potential wnflict between goat movements and encroaching 

logging activities. We studied the seasonal distribution and movements of goats 

within the Pinto Creek Goat Reserve and recorded the use of forests by goats in the 

area immediately sumunding Pinto Creek from May 1996 to Novernber 1998. We 

also monitored minimum population size and structure of goats within the study 

area. As part of the long-tenn study, we compareci direct and indirect observation 

methods to record the presence of mountain goats. 

Observation methods consisted of visual sightings of goats, the use of rernote 

cameras, and locating goat sign (i.e., hair, tracks, and pellets) within beit transects 

and plots along the top of 29 discontinuous cliffs within the study area from February 

to October 1997. Bek transects were the most reliable single method of rewrding 

presenœ of goats on cliffs dunng winter and summer 1997. Belt transects alone, 

however, were limited to rewrding presenceabsence data. The other methods are 

required if data on population structure, individuals. behaviour, daily adivity, or 

intensity of use are needed. 

Minimum yearly population estimates vaned h-om a maximum of 27 

individuals in 1996 to a minimum of 1 7 individuals in 1998. We observed kid 

survivonhip rates of 57% and 20% for 1996-97 and 1997-98 respectively. The 

decreased population estimates and low kid survivorship in 1997-98 suggest high 

mortality or high rates of ernigration of kids and adult females from the Reserve. 

We obsecved no pattern of annual, seasonal, or spatial distribution of goats 

within the study area, although, we did detect the presence of goats more frequently 

on cliffs in 3 areas along Pinto Creek. The results of a multiple regression 

suggested that cliff size best explaineci diff use; each of the 3 high-use areas 

incfuded at least 1 of the largest cliffs within the Reserve. 



iii 

We observeci goats using forests during winter and summar of a l  years of the 

study. In 1 instance, we found goat hair in the forest 2 km outside of the Reserve. 

During winter, we found goat sign (Le. tradcs, pellets, beds) in forests up to 410 m 

from clm. The presence of goats in forests indicates the potential for conflict 

between logging actïvities and mountain goat movements along the Pinto Creek 

canyon. We also observed goat sign outside the study area along Pinto, Wroe, and 

Hightower Creeks. Our data indicate that the Pinto Creek goat herd is likely part of a 

larger or at least more wide-ranging population. We recommecci mat Global 

Positioning System radio collars be placed on adult maie and female goats captured 

within the Reserve to detemiine the extent of forest use and the frequency of long- 

distance movements beyond the Pinto Creek Goat Reserve. 
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PREFACE 

Mountain goats (Oreamnos americanus) generally inhabit rugged 

mountainous terrain associated with alpine and subalpine areas. Goat populations 

are also known to occur near sea level along coastal British Columbia and Alaska 

(Banfield 1974) and along river canyons (Foster 1982, Poole and Fear 1998). 

Mountain goats are adapted to use precipitous, rugged terrain, but relative to othe~ 

ungulates, lack speed and agility on level ground. As a result, goats usually use 

steep cliffs and rocky outcroppings where they can escape from predators wogel et 

al. 1995). Goats use forests as movement corridors between cliffs, to access 

mineral lick sites, for foraging, and behnreen surnrner and winter ranges (Brandborg 

1955, Chadwick 1973, Hjeljord 1971). Forests are a significant component of winter 

range in coastal regions (Hebert and Tumbull 1977, Wright 1977, Fox 1983, Smith 

1 986). 

Concem over the potentially adverse effects of industrial activity on mountain 

goat populations has been expressad. Range abandonment and aitered activity 

patterns of goats after industrial activities have been documented in Montana 

(Chadwick 1973), Alaska (Smith and Raedeke 1982), and British Columbia (Foster 

and Rahs 1983). Protecting important areas used by goats from human impacts 

(e.g., logging, road building, seismic activity, and mining), and rnaintaining linkages 

among such areas may be essential to maintaining goat populations (Smith and 

Raedeke 4982, Fox 1983). 

The Pinto Creek mountain goat herd is the only known canyondwelling goat 

population in Alberta. Goats appear to concentrate their activities on open cliff 

habitats along the canyon (Penner and Jalkotzy 1982, Neiderleitner 1994). Goats 

along Pinto Creek must regularly travel through forests when moving between cliff 

units (Penner and Jalkotzy 1982, Smith 1982, Neiderleitner 1994). Thus, trail 

systems between cliffs could be important linkages within the goats' home range. 



Minimum population estimates ranging ftom 8 to 22 individuals have been recorded 

for this herd (Penner and Jalkotzky 1982, Neiderîeitner 1994). 

lncreased petroleum development and logging in the 1980's and 1990's 

resulted in a number of studies to assess the impacts of industrial activities on the 

Pinto Creek goat herd. These earlier studies documented the goats' behavioural 

responses and habituation to acoustic stimuli. distribution. and population size 

(Penner and Jalkotzy 1982, Smith 1982. Penner 1988, Neiderleitner 1994). These 

earlier studies, however, did not examine the year-round distribution of goats nor did 

they specilically examine the use of forests by goats. 

In 1994, as part of the lntegrated Resource Management Steering Cornmittee 

(IRMSC) proœss. the Alberta Fish and Wildlife Division, Alberta Forest Service, and 

Weldwood of Canada Ltd. established a permanent Reserve of approximately 

372 ha around the portion of Pinto Creek frequently used by goats (IRMSC 

unpublished report, 1994). In addition, a 1-km wide management zone was 

established that included the area immediately surrounding the permanent Pinto 

Creek Goat Reserve. Documentation of the year-round distribution and movements 

of goats within the Reserve and use of forests in the management zone were 

needed before logging plans for the management zone were finalised. 

My study documented the seasonal distribution and movements of mountain 

goats within the Pinto Creek Goat Reserve, emphasising use of forests away from 

clins. I also examined population trends and structure and compared methods of 

recording the presenœ of goats on cliffs and in forests. 

In Chapter 1 , 1 compare the efFicacy of direct and indirect methods of 

observation to record the presenœ of mountain goats within the Pinto Creek study 

area. Direct methods include visual observations and indirect methods include 

remote cameras and observations of goat sign (i.e., tracks, pellets, hair) within belt 



transects and plots. I apply the results of this comparison to descnbe the distribution 

of goats on cliffs and in forests. 

In Chapter 2, 1 document the seasonal and yearly distribution and movements 

of mountain goats within the Pinto Creek Goat Reserve. I examine biological, 

physical, and spatial parameters that may explain selective use of clm. I also 

document the extent to which goats move away from the security of cliffs and use 

the surrounding forests. I develop yearly and seasonal minimum population 

estimates for this goat herd, describe population structure. and compare my results 

with current microsatellite DNA analysis for the Pinto Creek population. I discuss the 

implications of the Pinto Creek goat herd ranging beyond the current Reserve 

boundaries and make remmendations for management and further research. 



CHAPTER ONE - COMPARING METHODS TO DETERMINE DISTRIBUTION AND 

MOVEMENTS OF GOATS ALONG PINTO CREEK, ALBERTA 

INTRODUCTION 

Biologists monitor movements and distributions of ungulates by direct and 

indirect observations. In open areas, where visibility is good, aerial and ground 

suweys enable biologists to œnsus populations and record behaviour and habitat 

use (e.g., Bowden and Kufeld 1995, Varley 1994, C6t6 1996, Romeo and Lovan 

1996). Where visibility is paor, biologists collect data on movements, habitat use. 

and activity patterns with very high frequency (VHF) transmitten (e.g., Singer and 

Doherty 1985, Haynes 1994, Fritzen et al. 1995, Warren et al. 1996) or Global 

Positioning System (GPS) technology (e.g., Moen et al. 1996, Biggs et al. 1997. 

Poole and Heard 1998). Locating sign (i.e., tracks, pellets, hair) within plots or along 

transects has been used to monitor the presenœ of ungulates in a variety of habitats 

(e.g., Neff 1968, Mooty and Kams 1984, Loft and Kie 1988, Poole and Fear 1998). 

Jaco bson et al. (1 997), censused white-tailed deer (Odocoileus virginianus) with 

infrared-triggered came ras. 

The Pinto Creek mountain goat herd is atypical of goat populations because 

of its year-round use of forests. Standardised methods for monitoring movements 

and habitat use of goats in forests are not well developed and methods for studying 

goats in open ateas may not be suitable for forest-dwelling populations where 

visibility is low. Penner and Jalkotzy (1 982) observed goats most often on the clifFs 

along Pinto Creek and less often in the forests. Pellet-group counts revealed that 

use of forests by goats in the Pinto Creek Goat Reserve was greater and more 

widespread than expected fmm direct observations alone (Niederleitner 1994). 

Those data illustrate the potential bias associated with direct observation alone; 

goats in forests are not easily observed, therefore, use of forest is undenepresented. 



~ e '  wmpared the seasonal distribution. movements. and use of forests by 

mountain goats along Pinto Creek using 4 methods during winter and summer: 

visual observations. remote cameras. and observation of goat sign (i.e., tracks. 

pellets. hair) within k i t  transects and within plots. We then detemined the best 

combinations of methods to obtain the most camprehensive pattern of distribution of 

mountain goats. 

STUDY AREA 

The study area, which encompasses the lower Pinto Creek valley. lies on the 

eastern slopes of the Rocky Mountain Foothills and is located between 53O49'N and 

53O43'N and 1 17O52W and 1 17O47W (Fig. 1). This area is approximately 50 km 

northwest of Hinton, Alberta, and is separated from the Rocky Mountain ranges by at 

least 40 km of wniferous forest. 

Pinto Creek cuts through several high. rounded hills. composed of Mesozoic 

and Paleozoic sedimentary rock (Strong 1992). Stream erosion has fomed a steep- 

sided canyon along parts of the valley. Habitat used by goats in the study area 

inctudes a series of discontinuous cliffs along the slopes of Pinto Creek and the 

lower reaches of Hightower and Wroe Creeks (Fig. 1). Penner and Jalkotzy (1982) 

identified 34 discrete cliffs along Pinto Creek and its tributaries; 29 of these cliffs are 

located within our study area (Fig. 1). 

Cliffs generally wnsist of 4 vegetation zones: riparian, talus, cliff-face, and 

abovecliff. Located at the bottorn of most cliffs is a narrow riparian zone adjacent to 

the creek. Vegetation within this zone includes aspen seedlings (Populus 

tremuloides). willow (Salix spp.). and occasional mature white spmce ( Picea glauca) . 

The talus zone is predorninantly loose sand with patches of aspen seedlings. 

bl uejoint (Calamagmstis canadensis), ha iry wild rye (Elymus innovatus), and 

1 The individual chapters of this thesis have been written in manuscript format in preparation for 
journal submission and in first person plural to acknowledge the contributions of CO-authors and 
field assistants. 



Figure 1. Locations of numbered clifh (following Penner and Jalkowsky 1982) 

within the Pinto Creek study area. The inset box shows the location of 

the study area within Alberta, Canada. 
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wmmon juniper (Junipervs cornmunis). On some c l f i ,  the riparian and talus zones 

are absent and the cliff-face zone ends abruptly at water's edge. The clw-face zone 

wnsists of loose sandstone and rocky outcrops used as escape terrain by goats. 

The vegetated portions of the cliff-face zone include bearberry (Arctostaphylos uva- 

ursr), common juniper, bluejoint, and fescues (Festuca sp.). Small clumps of 

lodgepole pine (Pinus contorta) or aspen grow within the cfiff-face zone of some 

cliffs where the soi1 is stable. We wnsidered the top eâge of the clH-face zone to 

end where loose sandstone mets  finn, stable soil. Individual cliffs range in size 

from 30 m to 420 m in length and from 18 m to 90 m in vertical height. We 

considered the above-clifF zone to begin at the cliff edge and extend 20 m behind the 

cliff. This zone is generally forested with an overstory dominated by lodgepole pine 

and aspen. The groundcover within this zone is predominately graminoids (bluejoint 

and hairy wild rye) and the shnib understory is dominated by buffalo-berry 

(Shephenlia canadensis), wolf-willow (Elaeagnus commutata). and aspen seedlings. 

The foresteâ plateau above the cliffs is dominated by lodgepole pine and 

white spruce, with minor components of trernbling aspen and balsam poplar 

(Populus balsamifera balsamifim) . La brador tea (Ledum gmenlandicum) and 

mosses, particulariy red-stemmed feathennoss (Pleumzium schmben), make up the 

understory (Beckingham et al. 1996). Black spruce (Picea manana) is a common 

species on poorly drained areas. Along the steep valley breaks, aspen is abundant 

at cliff edges and in the steep gullies between cliffs. Buffalo-beny, wolf-willow, wild 

rose (Rosa aciculanrs), willow, bearberry , wild vetch (Vicia americana), and various 

graminoids are common understory plants of aspen stands. Mixedwood forests on 

floodplains contain white spnice, aspen, balsam poplar, and paper birch (Beltula 

papyrifem). Total relief varies less than 11 0 m (1 11 0 -1220 m elevation) along the 

gently-rolling forested plateau behind the cliffs. 



Macroclimatic conditions of this area are chancterised by cold and dry 

winters and cool and moist summers (Beckingham et al. 1996). The rnean annual 

precipitation is 540 mm with maximum precipitation occumng in July and the 

majority of winter precipitation falling as snow (Beckingham et al. 1996). Mean 

seasonal temperatures range from -1 3 to +17*C. where February is the coolest 

month and July the wannest. During winter, this area is often influenced by cold 

Arctic air masses and also moderated by Chinook winds (Beckingham et al. 1996). 

Wflhin the study area. topographie features largely influence microclimate. 

Windswept clifk are typically snow-free during most of winter and south-facing cliffs 

experienœ more rapid snow-melt than north-facing cliffs. 

METHODS 

We used direct and indirect observation methods to monitor the distribution of 

mountain goats along Pinto Creek. Direct observations were visual sightings of 

goats on cliffs within the study area. Indirect observations were remote cameras 

and the location of goat sign (Le., tracks. pellets, hait) within belt transects and plots 

along the top of clifk. We used al1 observation methods. except plots, during each 

sampling interval from February 1997 through October 1997. Plots were also used . 

from May 1997 through October 1997. During winter (Feb through Mar), sampling 

intervals were 3 to 5 days with 10 to 14 days between intervals. Sampling intervals 

were 10 days in summer (May through Oct) with 4 days between intervals. 

Additional visual observations of clifk were made while conducting monthly 

population surveys and when collecting vegetation data. 

Direct Observation Methods 

Visual observations.- We scanned each cliff using binoculars (8X or 1 0X) 

and a 1545X spotting scope (Bushnell Spaœmaster, Bushnell Sports Optics 

Worldwide, Richmond Hill, Ont., Canada). We observed some c l f i  while walking 

along trails at the top of a cliR; other cliffs were obserwd from trail locations directiy 



opposite a cliff. Location, time, age and sex class of goats, behaviour of the goats, 

clifF vegetation zone. and weather conditions were recordeci for each visual 

observation. We identified individual goats as kids (young of year), yearlings (1- 

year-old). 2-year-olds. adult females (> 2 years old), adult males (> 2 yean old) or 

unclassified adult based on hom morphology, body size, and urination posture 

(Chadwick 1973, Smith 1988). 

Indirect Observation Methods 

Remote Cameras.- We used Trailmaster (TM1 500) active-infrareâ remote 

camera systems (Model TM1 500, Goodson and Associates, Inc., Lenexa, KS) to 

record the presenœ of goats. Each camera system consisted of a sending and 

reœiving unit, and a 35-mm camera. We positioned the camera systems on goat 

trails along the top edge of selected cliffs within the above-clifi zone. We selected 

cliffs where we consistently observed goats as well as cliffs at the periphery of the 

study area. We mounted the sending and reœiving units on trees 0.5 to 1 rn above 

the ground and on opposite sides of goat trails such that the infrared beam crossed 

the goat trail. The distance between the sending and reœiving units was 3 to 5 m. 

We mounted the cameras on trees along goat trails 5 to 8 m from the infrared beam. ' 

We wrapped the cable wnnecting the sending unit to the camera with tinfoil !O 

prevent damage by rodents and birds. During winter 1997, we placed an individual 

camera unit on each of 6 cliffs. During summer 1997, cameras were placed on 4 

additional cliffs. We enabled the flash and set the cameras to be active 24 hours per 

day throughout each sampling interval. We used 400 ASA, 36-exposure colour print 

film. We set the camera delay on the Trailmaster unit at 30 seconds to ensure that 

cameras did not take a picture when there were multiple events within 30 seconds. 

We changed camera batteries (2 AA batteries) at the beginning of every sampling 

interval to ensure adequate battery power for the duration of the intenral. We 

programmed the cameras to date and time stamp each photo. Printed photographs 



from exposed film were used to determine the number, age class and sex of goats 

present. 

Belt Tiansects.- We established a 5-m wide belt transect along the top edge 

of al1 cliffs within the aboveclifF zone. The length of transects depended on the 

distance along the top of each cliR distances ranged from 30 to 420 m. Transects 

were œntred on the main trail used by goats at the top of each cliff. We selected the 

main trail based on the relative amount of accumulated goat sign and relative degree 

of erosion. We marked the main trail on each clifF with flagging tape. During each 

sampling interval, observes walked along the trail at the top of each cliiT and 

searched for new goat sign within the belt transect. Goat pellets, hair, or tracks were . 

recorded as present or absent and then al1 sign was eliminated from the belt 

t ransect. 

Plots.- Permanent plots were established within the belt transect along the 

top of al1 cliffs. We chose the location of plots within the belt transect by first 

stratifying the area along the main goat trail into high or low use based on 

accumulated goat pellets. On each clifF, we placeâ 5, 4 x 2 m plots in areas of high 

pellet accumulation. We removed al1 pellets, tracks, and hair from each plot on the - 

date the plots were established. During each sampling interval, we recorded the 

number of goat-pellet groups, number of track sets, and presence of goat hair found 

within each plot. We raked al1 plots to remove goat sign after data were recorded. 

Data Analysis 

We analysed data only from those cliffs where al1 methods were used 

wncurrently. In order to compare results among methods, we created a dummy 

variable called "goats detected". This variable indicated if goats were recorded as 

present or absent on a cliff during a sampling interval. We detemined values for 

goats detected by examining the results from al1 methods for each sampling interval. 

If the presence of goats was recorded by any 1 method during the sampling interval, 



then goats detectad = 1. If the presenœ of goats was not recorded by any method, 

then goats detected = O. To compare the detection rates among methods, we 

compared the result of each method (either goats present or absent) to goats 

detected for each sampiing interval. If the resuît from the individual method matched 

goats detected, than a value of '1" (match) was assigned; if the result did not match, 

a value of "On (no match) was assigned. We did this for each individual method and 

wmbinations of methods (see example in Table 1). We determined the proportion 

of matches for al1 methods on each cliff. We wmbined the resuits ftom al1 clifFs to 

determine the mean proportion and standard error (SE) of matches for al1 methods. 

We then used an arcsine square-root transformation (Zar 1984) to normalise - 

mean proportions before wnduding statistical analyses. To compare results for 

those methods used during both winter and surnmer, we conducted a 2-way analysis 

of variance (ANOVA; Zar 1984) with season and method as the independent 

variables and proportion of matches as the dependent variable. We used 2 seasons 

(winter and summer) and 6 methads (visual, belt, camera, visual-belt, visual-camera, 

and camera-belt). We also used a 2-way ANOVA to compare indicators of goat 

presenœ within belt transeds by season. Season and type of sign were 

independent variables and proportion of times each type of sign was recorded was 

the dependent variable. We used 3 types of sign: tracks, hair, and pellets. We used 

1-way ANOVA to test the nuIl hypothesis that al1 types of sign (i.e., hair, tracks, 

pellets) recorded within belt transects indicated the presence of goats equally. We 

used 1-way ANOVA to test the nuIl hypothesis that the proportion of matches 

between the results of individual methods and goats detected was equal among 

observation methods. We used Scheffé's test (Zar 1 984) to examine multiple 

wmparisons among observation methods and types of sign. All statistical analyses 

1 were perfomed using STATlSTlCA (StatSoft Inc. 1997). 
i 





! RESULTS 

The proportion of matches with goats detected did not Vary betwaen seasons 

; (FI = 0.01, P = 0.909) and there was no significant interaction between season 

i and type of method (F5.w = 0.67, P = 0.647). The proportion of matches with goats 
1 
: detected was significantly different among methods (Fm = 12.33, P < 0.001 ). We 

; analysed the data from winter and summer separately because during winter 1997 

we used and compared 3 methods and during summer 1997 we used 1 additional 
I 

I method. 

In winter 1997, the mean proportion of matches with goats detecteâ varied 

from 0.47 I 0.14 to 0.89 I 0.07 for single methods and 0.72 I 0.13 to 0.95 + 0.06 for 

combinations of 2 methods (Fig. 2). Beit transects had the greatest proportion of 

matches with goats detected. The resuit for beit transects, however, was not 

significantly different from other single methods (F2,15 = 2.40, P = 0.124, Fig. 2). The 

combined methods of ben transect-visual and belt transect-camera had the greatest 

proportion of matches with goats detected. but were not significantly different from 

visual-camera (F2.15 = 1.73, P = 0.21 1, Fig. 2). There was no significant differenœ in 

the proportion of matches with goats detected when only the belt transect method 

was used and when belt transect was paired with any 1 other type of observation 

method (F2,q5 = 0.28, P = 0.761). 

In summer 1997, the proportion of matches with goats detected varied among 

single methods (F3,36 = 8-87, P < 0.001). Proportions of matches for belt transects 

were greater than visual. camera, and plot methods (Fig. 3). The mean proportion of 

matches with goats detected varied among combinations of 2 methods (F5,% = 8.05, 

P < 0.001). There was a significant differenœ between some combinations that 

included belt transects and those without. Visual-belt was greater than visual-plot 

(P = 0.002; Fig. 3). and belt-camera was greater than visual-camera (P = 0.001; Fig. 

3) and visual-plot (P < 0.001; Fig. 3). We did not find a significant difference among 



Figure 2. Mean proportion of matches with goats detected for each observation 

method on 6 cliffs during winter 1997 at Pinto Cr&. Alberta. Error bars 
! 

indicate 1 SE. 
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Figure 3. Mean proportion of matches with goats detected for each observation 

method on 10 cliffs during summer 1997 at Pinto Creek, Alberta. The 

abbreviations above the bars indicate significant differenœs between the 

observation method indicated at the bottom of the bar and those methods 

abbreviated above the bar where V is visual, C is camera, and P is plot. 

Error bars indicate 1 SE. 
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the proportion of matches for combinations of 3 methods (F3,36 = 1.96, P = 0.1 38, 

Fig. 3). We did not find a significant difference between the proportion of matches 

with goats detected using beît transect alone and when belt transect was wmbined 

with 1 additional method. We did find a greater proportion of matches with goats 

detected when 2 methods were added to belt transect (F3,= = 3.47, P = 0.026) as 

wmpared to belt transect alone. The proportion of matches for the wmbinations of 

belt-visual-camera ( P = 0.049) and belt-camera-plot ( P = 0.û49) were greater than 

for beit alone. 

When we combined the results for winter and summer, 5% of observations of 

goats were detected by remote cameras atone while k i n g  missed by al1 other 

methods. During July 1997. we disabled the flash on 3 cameras that were located 

on frequently used cliffb and used 1000 ASA film. Al13 cameras rewrded the 

presenœ of goats during the day and we obtained 1 photo of a goat during the night. 

We replaced the film in the 3 cameras with 400 ASA and enabled the flash. 

Subsequent photographs of goats were rewrded during the day and night when the 

flash was activated. Although inconclusive, we believe that goats did not avoid the 

camera area when the flash was activated. 

Cornparison of Types of Gort Sign Recorded Wiaiin Belt Tmiwects 

Season affected the proportion of times each type of sign (i.e., hair, tracks, pellets) 

was deteded within belt transects (hc2 = 8.47, P = 0.008). lndependent of season, 

we found an overall differenœ among the proportion of times each type of sign was 

detected (F2,42 = 14.22, P < 0.001). There was no interaction, however, between 

season and type of sign (Fzau = 2.56, P = 0.089). During winter, the mean 

proportion (k SE) of times tracks were recorded within belt transects (0.72 k 0.13) 

was greater than hair (0.04 I 0.04, P = 0.003). but not different than pellets 
l 

(0.46 I 0.15, P = 0.292). There was no significant difference in the proportion of 
l 
8 

times hair and pellets were observed (P = 0.057). Similar to winter results, the 



proportion of times tracks were recorded during summer (0.88 I 0.04) was greater 

than hair (0.55 f 0.08, P = 0.027) but not different from pellets (0.63 + 0.1 1 , P = 

0.080). There was no signifiant differeiice between the proportion of times pellets 

and hair were detected during summer (P = 0.872). 

DISCUSSION 

Belt transects were the most effective method for monitoring the presence of 

mountain goats in forests. We believe belt transects were more effective than other 

indirect methods because they covered a large area over a relatively long time. In 

contrast, plots and rernote cameras collected data over a small area and at specific 

locations, while direct visual observations were sampled over a short time and the 

view of parts of cliffb was frequently obstructed. There is a level of dependence 

between goats detected and each individual method result because of the way our 

"goat detected variable was calculated. By definition there is a high correlation 

between the best method (i.e., belt transect in most cases) and "goats detected". In 

summer belt carrectly predicted "goats detected" 90% of the sampling intervals 

(range 60 - 100%); in winter belt transects carrectly predicted "goats detected" 90% 

of the sampling intervals (range 67 - 100%). Oespite using a very consenrative post- 

hoc comparison (Scheffé's test), this dependency rnay still be influencing the 

significanœ of belt transect method. Therefore, the most consenrative way to view 

, this analysis, is as a comparison of each method to the performance of belt 

2 transects. We believe that this dependency had little effect on comparisons of 
i 
f multiple rnethods. 

Although belt transects were inexpensive to establish and maintain, they were 

the most time cansuming and did not always detect the presenœ of goats on cliffs. 

1 One reason for this error may be observer error. Robinette et al. (1 974) and Neff 

/ (1968) reportecl that obserwrs occasionaliy overiooked goat sign on ben transects. 

particulariy on those greater than 1000 R (256 m) long. Observer enor also may 



have been affected by vegetation wver within the beit transect. Unlike plots that 

were placed in areas with little vegetation, belt transects enwmpassed many areas 

of dense understory, thus reducing the ability of observers ta see goat pellets and 

tracks. Belt transects did not provide detailed information as to population size and 

structure, behaviour, or daily activity. 

The proportion of times that goat tracks were recordecl within ben transects 

was greater than for hair during winter and summer. Unlike during late spnng and 

eaily summer, goats do not shed large amounts of hair during winter. During winter, 

goat hair is shed in small amounts that are difficult to observe (D.G. Harrison, 

personal observation). We believe this explains why hair was obsewed less 

frequently than tracks during winter. Although goats shed large, conspicuous 

amounts of hair in summer, the pend of shedding is relatively short (2 months) and 

this may explain why tracks were observed more often than hair within belt 

transects. Because tracks and pellets occur during al1 seasons, these 2 types of 

. sign are more consistently deposited and observed within belt transects. 

The reliability of plots and remote cameras was limited by their number and 

location. It is possible that goats were present within a k i t  transect but not at 

specific plot or camera stations. Adding more plots or camera stations along cliffs, 

especially large cliffs, may have increased the reliability of those methods. Plots and 

: cameras, however, represent sub-samples of the belt transect. As more plots or 

- cameras are added to a cliff, the sub-sarnple becames more representative of a belt 
i 
; 
transect. 

I 
i 

l The ability of cameras alone to detect the presence of goats was not 
i 

j substantial and we concluded that remote cameras did not contnbute significantly to 

1 our ability to record the presence or absence of goats. However, remote cameras 

1 provided information about population size and structure and behaviour of individual 

1 goats (e.g., bedding , feeding , nursing). 



Data from cameras also showed that goats were active throughout the day 

and night. Although we had few problems with cameras during summer, cameras 

were difficuît to maintain during winter. During prolonged cold temperatures 

(s -20°C), the response time of the camera increased by up to 15 seconds (D.G. 

Harrison, personal observation). As a result, goats may have triggered the camera, 

but were out of the camera field of view before a picture was taken; the result was 

pictures with no animals in them. Bull et al. (1992) had similar problems with remote 

cameras during winter in Oregon. Perhaps the greatest restriction to using remote 

cameras during winter was maintaining battery power. During winter, camera 

batteries lasted a maximum of 10 days as compared to 25 days during summer. 

Consequently, the length of our sampling interval was based on the life of camera 

batteries. To alleviate these problems, we rewmmend that during winter a larger, 

extemal battery be used. 

The advantage of visual observations is that they allow for the collection of 

population, behaviour, and habitat use data. A number of factors. however, may 

limit the reliability of this method. Probably the most limiting factor in our study was 

the obstruction of view of cliffs by vegetation and topography. Penner and Jalkotzy 

(1982) also reported difFicuity observing clifk along Pinto Creek because of 

vegetation and topography. Occasionally, weather conditions, such as heavy rain 

and snow, also obscured the view of clif%. Unlike indirect-observation methods, 

visual observations were not wntinuous over the sampling interval but rather were 

limited to daylight hours and were used only on 2 or 3 days during the sampling 

interval. It is likely that the presence of goats was not recorded using the visual 

method because the goats were present at night when cliffs were not being 

observed. Observer presenœ also may have affected the reliability of this method. 

Goats may have been aware of observers and moved away before the goats 

presenœ wuld be observed. 



The methods that we wmpared provided evidence that goats were present at 

particular clifFs. These methods, however. did not conclusively show that goats were 

not present at a particular CIM. The indirect observation methods monitored only the 

top portion of clifïs and visual observations of some portions of cliffs were impaired 

by vegetation, topography, and weather conditions. Consequently. goats may have 

been present on those cfiff areas that we did not monitor. A definitive test of these 

methods would be to radiocolbr al1 goats within the study area and compare radio- 

locations to each individual method or saturate cliffs with remote cameras. 

We have discussed 4 methods that are useful for recording the presence of 

goats in forests. The methods we compared have the ability to record animal 

presenœ in specific habitat types (e-g., along the top of cliffs) over time. More 

traditional methods for recording animal movements and habitat use, such as radio 

telemetry, often do not provide the level of precision that is sometimes required. For 

example, VHF radio telemetry indicates the general area in which an animal is 

located. For a precise location, however. visual confirmation is required. For those 

species that are susceptible to disturbanœ by humans or aircraft, such as mountain 

goats (Cbt6 1996). close approaches by humans may disrupt normal daily activities 

and movement patterns. Very high frequency radio telemetry is generally limited to 

daylight hours and collared animals may move significant distances and into other 

habitats between location fixes. Global Positioning System radio collars alleviate the 

problem of observer presenœ and some larger colfars can wntinuously record and 

a store animal locations over a 24-hr period. Both VHF and GPS radio telemetry will 

provide information as to the location of collared individuals. These methods, 

however, do not provide any information about the presence of other unwllared 

animals found with cdlared individuak. Indirect observation methods (e.g., M t  

transeds, plots, and remote cameras) are non-intrusive and can continuowly record 



animal presence. Additionally. some of these methods can provide information 

about groups of animals and individual behaviours. 

MANAGEMENT RECOMMENDATIONS 

Where more conventional methods such as radio colbrs and aerial surveys 

are not practical. the use of belt transects can provide useful information on 

mountain goat movements and distribution in a canyon habitat. We recommend 

searching for more than 1 type of goat sign to reduce error associated with the lack 

of persistence of some types of sign and to maximise the probability of detecting the 

presenœ of goats basecl on the presence of sign. Aîthough remote cameras provide 

data on population structure, the use of cameras did not appreciably increase Our 

ability to detect the presence of goats. Therefore, we believe that goat presence 

data colledeci with belt transects. plots, and visual observations adequately 

describes the distribution and rnovements of goats within the Pinto Creek study 

area. 



CHAPTER TWO- DlSTRlBUTlON AND MOVEMENT PATTERNS OF THE PINTO 

CREEK MOUNTAIN GOAT HERD 

j INTRODUCTION 
1 Mountain goats generally inhabit rugged mountainous terrain associated with , 

alpine and subalpine vegetation zones (Kuck 1 977, Singer and Doherty 1985, 

Haynes 1994. Varley 1994). Goat populations also occur in forests along wastal 

. British Columbia (Banfield 1974. Hebert and Tumbull 1977) and Alaska (Hjeljord 
I 

j 1971, Schoen and Kirchoff 1981, Fox and Raedeke 1982, Fox 1983, Smith 1986. 

! Fox et al. 1989). in interior regions (Poole and Heard 1998). and in river-canyon 
I 

' habitats (Foster 1982, Penner 1988, Poole and Fear 1998). Sites used by goats 

include steep, grassy talus slopes at the base of cliffs, small grassy ledges on the 

face of steep clifFs and rocky ledges, alpine meadows, and forests (Banfield 1974). 

The distribution of mountain goats within their range is dependent upon 
1 

i proximity of escape terrain (Hebert and Tumbull 1977, McF etridge 1977. Fox et al. 
j 
I 1 W82, Penner and Jalkotzy 1982, Michalovic 1984, Smith 1986, Haynes 1994. von 

IElsner-Schack 1986). Mountain goats are well adapted to navigate precipitous, 

/rugged terrain, but lack speed and agility on level ground. Mountain goats seldom 

iventure more than 0.4 km from escape terrain (Haynes 1994) and some biologists 
1 

:conclude that proximity to escape terrain is more important to habitat occupancy 
I 

than forage quantity or quality. In choosing their habitats, mountain goats must 

balance the competing needs for security and food. Superior food resources are 

k e n  found in open. grassy meadows where goats are most vulnerable to predation. 

l n  contrast, security is highest in the cliffs and broken rocks where food is relatively 

bcarce. Small groups of goats appear to use rocky outcrops to a greater extent than 

1 arger groups (von Elsner-Schack 1986). Consequently, only large groups rnay use 

bore vuinerable habitat types (meadows) while foraging. as group size rnay 

I 



( increase secunty. Even when surrounded by a large group, however, individual 

i goats do not rest in grassy areas (von EIsnerSchack 1986). 

Goats select for features such as proximity of escape terrain, slope, elevation 
f 

l aspect, and timber volume (Schoen and Kirchhoff 1981, Smith 1986, Haynes 1994). 

i During summer in southeast Alaska, goats showed strong selection for areas within 
9 

i 0.4 km of escape terrain, avoided slopes less than 30°, and seleded elevations 
? 
i >lOOO m; during winter they avoided elevations 2750 m. selected southem aspects, 

i and selected commercial-volume forests (Schoen et al. 1 982, Smith 1 986). In 

Colorado, adult males occupied rugged, higher-elevation areas peripheral to female 

1 groups, and were often located in forests (Risenhoover and Bailey 1982). During 

' winter, mountain goats usually restrict their movements to small areas within the 

1 boundaries of their summer home ranges (Smith 1976, Adams et al. 1982, Schoen 

! 1979). These sites tend to be clifb interspersed with sufficient foraging areas that 

3 Iack persistent or crusted snow (Adams and Bailey 1980). Suitable sites may be 1) 
f 
i at lower elevations where snow is less abundant and less persistent (Rideout 1974, 
$ 
Smith 1976); 2) on open steep or south-facing slopes where snow melts rapidly 

1 (Brandborg 1955. Chadwick 1973, Kuck 1977, Vadey 1994); or 3) on high wind- / swept ridges (Hjeljord 1973). Because steep terrain and snow accumulation 
1 
1 1 increase the energy costs of travel (Parker et al. l984), energy costs of locomotion 
1 

are potentially important controls on the distribution and abundance of mountain 
i 
goats (Dailey and Hobbs 1989). Snow accumulation may also influence group size. 

Smith (1977) hypothesiseâ that small group size appeared to be adaptive in winter; 

small groups maximised use of available food and lower rates of aggression in small 

groups promoted individual conservation of energy. In contrast, Casebeer et al. 

(1950) concluded that goats develop well-trodden trails between scattered foraging 

areas and under deep snow conditions, large groups may be advantageous. 



The use of forests by radio-collareci goats has been well documented (Smith 

1986, Risenhoover and Bailey 1985, Fox and Smith 1988, Poole and Heard 1998). 

Goats use forests to travel between cliffs, to access mineral lick sites, and between 

summer and winter ranges (Brandborg 1955, Chadwick 1973, Hebert and Cowan 
' 

1971). Forests are a significant component of winter range in coastal regions 

(Hebert and Tumbull 1977, Wright 1977, Fox 1983, Smith 1986) and goats living 

along river canyons used cliffs dispersad among forests year-round (Penner and 

Jalkotzy 1982, Smith 1982, Foster and Rahs 1985). In addition to reducing snow 

depth, forests on steep broken dopes increase the stability of the snow pack; 

avalanches are a major source of mortality for goats (Nichols 1982, Chadwick 1973). 

Conifers, and the arboreal lichens that grow on them, are major wmponents of the 

goats' diet during winter in coastal regions (Hjeljord 1971. Fox 1983). 

Adult female goats show strong fidelity to home ranges and do not often 

explore new areas (Brandborg 1955, Chadwick 1977, Rideout 1977, Stevens 1983). 

Aduît males generally avoid those areas ocaipied by other goats, especially female- 

subadult groups, which encourages a largely solitary existence and extensive 

travelling (Geist 1971, Chadwick 1973, Risenhoover and Bailey 1985, Fournier and 

Festa-üianchet 1995). Adult males tend to move among fernale goat home ranges, 

even outside of the rut (Dane 1977, Rideout 1977, Adams et al. 1982, Smith and 

Raedeke 4982, Stevens 1983). These movements may minimise cornpetition and 

reduce inbreeding (Geist 1971, Rideout 1977. Schoen 1978). In Alaska, inter-ridge 

movements of males during the rut are thought to facilitate the exchange of genetic 

rnaterial between subpopulations of goats and contribute to optimum productivity 

(Smith and Raedeke 1982). lsolated females may not be bred without the inter-ridge 

movements of breeding males (Brandborg 1955). 

Concem over the potentially adverse effects of resource extraction on 

rnountain goat populations has been offen expressed (Chadwick 1973, Hebert and 



! Tumbull1977. Fox et al. 1982, Schoen et al. 1982, Smith and Raedeke 1982, Foster i 

1 and Rahs 1983, Fox 1983, Joslin 1986). In Montana, goats either used logged 

i areas less frequently or abandoned them completely (Chadwick 1973). Goats 

forced to abandon alpine ridges could spend substantial time searching 

unfavourable forest areas for another patch of suitable habitat and increase their 

vulnerability to predation (Smith and Raedeke 1982). Foster and Rahs (1 983) 

documented temporary range abandonment and altered adivity patterns in a 

canyondwelling goat population during hydroelectric exploration activïties. 

Protecting cntical habitat areas from human impacts (e.g., logging, road building, 

and mining) and maintaining travel corridors between such habitats can be essential 

to protecting goat populations (Smith and Raedeke 1982, Fox 1 983). 

In addition to direct impacts on habitat, resource development may indirectly 

affect goats by creating access to previously unhunted populations (Chadwick 1973. 

Phelps et al. 1983). Sevenl goat populations have declined after increased access 

and disturbance following development (Brandborg 1 955, Chadwick 1 973, 

Pendergast and Bindemagel 1977. Foster and Rahs 1983, Phelps et al. 1983, Joslin 

1986). Potential effects of increased acœss and the associated increase in human 

activity may include elevated stress Ievels, altered seasonal and daily movernents, 

decreased foraging time. reduced reproductive rate, and abandonment of the range 

(Vogel et al. 1995) 

The Pinto Creek mountain goat herd is the only known canyon-dwelling goat 

populaoon in Alberta. Mountain goats have continuously inhabited the Pinto Creek 

area sime at least 1962 (Stelfox and Kerr 1962). This population is believed to be 

derived from goats that migrated from the Front Ranges of the Rocky Mountains 

approximately 45 to 50 km to the west (Stelfox and Ken 1962). The Pinto Creek 

goat herd is thought to be relatively isolated from other herds; the nearest goat herd 

at Rock Lake, Alberta is a least 45 km to the west, through rolling , forested foothills. 



Minimum population estimates for this herd range from a low of 8 individuals (Smith 

1982) to a high of 22 (Neiderleitner 1994). Goats within the Pinto Creek study area 

appear to conœntrate their activities on cliffs along the canyon and must regularly 

travel through forests to move between cliffs (Penner and Jalkotzy 1982, Smith 

1982, Neiderleitner 1994). Commercial forests surmunding the canyon extend up to 

the canyon rim and trail systems in forests between cliffs rnay provide important 

linkages within the goats' home range. The combined effects of small population 

size. relative isolation, and proximity to commercial forests make this population of 

goats vulnerable to stochastic events and human disturbance. 

In this chapter, we document the seasonal and annual distribution and 

movements of mountain goats among cliffs in the Pinto Creek study area. We also 

examine selection of difis for various activities (e.g., kidding, rut) and explore 

biological, physical, and spatial parameters that may explain individual cliff use. We 

develop seasonal and annual minimum population estimates for this goat population 

as an indication of population viability. We also examine use of forests by goats with 

respect to mitigation of land use activities such as logging. If goats do not use 

forests then there would be no conflict with logging activities. If goats do use forests, 

however, then knowing the timing of use (e.g., season) and the extent to which 

goats move away from the securrty of cliffs and into forests may help identify when 

and where there would be conflicts with human activities. 

STUOY AREA 

The study area consists of approximately 17 km of canyon habitat along Pinto Creek 

and its tributaries located in west-central Alberta (Fig. 4). Escape terrain for goats is 

centred on a series of diswntinuous cliffs along the slopes of Pinto Creek and its 

tributaries. 

Goats move between cliffs along a network of trails thmugh forests and 

riparian habitats. Commercial forests encompass the area between cliffs and extend 



Locations of numbered cliffs (following Penner and Jalkowsky 1982) 

within the Pinto Creek study area. The Pinto Creek Goat Resenre. the 

1 km surrounding buffer, and current human encroachments are also 

shown. 
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beyond the study area. Characteristics of the commercial forests include an 

overstary dominated by lodgepole pine and white spnice, and an understory 

composeâ of Labrador tea and mosses (Beckingham et al. 1996). Trails used by 

goats to cross creeks drop down into riparian habitat at water's edge. A detailed 

description of the study area can be found in Chapter 1. 

Other ungulate species in the Pinto Creek area include moose, white-tailed 

deer, mule deer (Odocoileus hemionus hemionus), and elk. Potential predators of 

goats observed in the area include wolves (Canis lupus), coyotes (C. latmns), lynx 

(Lynx lynx), black bears (Ursus amencanus), grizzly bears (U. ados), cougars (Felis 

concoIo~, and golden eagles (Aquila chrysaetos; Penner and Jalkotzy 1 982, Smith 

1982, DG. Hamson, unpublished data). Hunting of moose, deer, and elk is 

permitteci within the study area. The hunting of mountain goats, however, has not 

been pemitted in Alberta since the mid 1980's. 

Human impacts are evident within the study area and sunounding landscape. 

Logging roads, some within 1 km of the Reserve, surround the study area and 

reœnt cut-blocks are located within 1 km east and southwest of the Reserve (Fig. 4). 

Petroleum development has occurred in the area since the early 1960's resulting in 

numerous seismic lines traversing the landscape, including the Pinto Creek valley 

(Fig. 4). A small trapline, with a permanent camp, encompasses the study area. 

METHODS 

We collected data from May 1996 through November 1998. During spring 

(May through Jun) and summer (Jul through Sep) of each year we monitored the 

study area for the presence of goats in 1O-day sampling intervals with 4 days 

between each interval. During winter (Dec through Apr) and fall (Oct through Nov), 

we monitored the study area in 3- to 5-day sampling intervals with at least 10 days 

between intervals. We accessed the study area by an all-tenain vehicle (ATV) in 



summer and by snowmobile in winter. We accessed cliffs and goat trails between 

cliffs on foot during summer and with the aid of snowshoes during winter. 

Distribution and movements among cliffs 

We used direct and indirect methods to record the distribution and 

movements of goats arnong cliffs (see Chapter 1 for a comparison of methods). We 

observed goats directly and recorded the number of goats present and the age and 

sex class of individual goats. We also recorded goat sign (i.e., hair, tracks, pellets) 

within plots and belt transects along the top of al1 cliffs within the abovecliff zone. 

We placed remote cameras (Trailmaster TM 1 500, Goodson and Associates, Inc., 

Lenexa, KS) on the top of 13 cliffs in the above-cliff zone (see description in Chapter 

1) to record population structure data and to detennine approximate dates of the 

kidding period. 

We visited cliffs at the beginning of each sampling interval and recarded the 

presenœ of goats or goat sign. Deep snow prevented us from monitoring clïffs 2b, 

2c, 2g - 2j during spring 1996 and cliffs 2b, 2c. 2g-2j, 3-5,7d, 12, and 18 during 

winter 1997. We collected hair for use in a separate study that is using population 

genetics techniques to develop minimum population estimates of goats along Pinto 

Creek (Nelson 1998). We eliminated pellets and tracks within belt transects and 

plots so that new goat sign indicated recent use by goats. We spent the remaining 

poition of the sampling interval mapping the location of goat trails and searching for 

goat sign in forests and outside the Pinto Creek Goat Reserve along Pinto, 

Hightower, and Wroe Creeks. 

Location of goat mils between cliffs 

We searched for goat sign along game trails above and between clifk to 

identw goat travel routes. A game trail was defined as a continuous, non-vegetated 

1 stdp at least 0.3 m wide. These searches occurred during each sampling interval 
i 

\ from June through August 1996 and 1997. This period coincided with the moult of 

1 
1 



2 
1 
1 J 

4 Whter hair. The presence of goat hair snagged on trailside vegetation or the 
1 

1 presence of goat pellets or tracks was taken as evidenœ of goat use. We also 
f 

searched for trails used by goats during each sampling interval in winter 1996-97 

1 and 1997-98. We searched for goat tracks in snow as evidenœ of goat use. We 
1 assigned an identification number to trails on which we found goat sign and marked 

these traik with flagging tape. 

1 i We recorded the location of al1 trails used by goats with a hand-held GPS unit 
: [ (Trimble Pathfinder ProXL or Trimble GeoExplorer, Tnmble Navigation Ltd., 

1 Sunnyvale, CA) and we removed al1 goat sign aRer the trail location was recorded. 
J 

! We obtained 5-rn accuracy by using the configuration parameters suggested by the 

:: manufacturer and by differentially correcting al1 GPS data (Trimble Navigation Ltd. 

1994). GPS data were differentially corrected with base station data acquired from 

j the Alberta Environmental Training Centre in Hinton. We postprocessed data files 
1 

1 

/ using PFINDER 5.0 software (Trimble Navigation Ltd, 1997); ARCIINFO 
1 
4 (Environmental Systems Research lnstitute Inc., 1993) was used to convert 
1 
1 

' corrected data to digital format, and ArcView (Environmental Systems Research ! 
I 
! lnstitute Inc., 1996) was used to produce digitised maps for al1 Our analyses. 

Location of goab in forests 
1 I 

We searched for goat sign in forests along seismic-line transects, belt 

i transects parallel to creek drainages, and by opportunistically following trails of goat 

i sign behind cliffs. Searches for goat hair during sumrner coincided with the goats' 

1 annual shedding of winter hair and searches for goat sign during winter cornmenœd i 
I once a snow pack was established on the ground. 
f 
a Evaluation of searching along seismic lines and belt transects.- We wanted 

to determine whether the most efficient approach to searching for goat sign within 

j the study area was along seismic lines or along belt transects through non-trailed 
I 

forest. To achieve this objective, we chose 8 seismic lines in the middle of the study ! 
i 



area that were perpendicular to Pinto Creek (Fig. 5) and then paired each seismic 
l 

line with a belt transect located 100 m north from the seismic line. All k i t  transects 

1 (BT) were located in forest and were parallel to seismic-line transects (ST). Length 

of seismic lines ranged from 1.5 to 2 km and al1 belt transects were 1 km long and 

5 m wide. We searched each transect once during July 1997 and used a GPS unit 

to record the locations of goat sign as point features. 

Searches for goat sign along seismic lines.- We searched for goat sign 

along a network of seismic lines within and beyond the study area boundary. These 

seismic lines radiated away from, and parallel to, the creek drainages. Twenty-one 

of the 34 selected seismic lines were monitored for the presence of goats during 

each sampling interval throughout the year from May 1996 tf-irough November 1998 

(Fig 6). We searched the remaining 13 seismic lines twice from July to August of 

both 1997 and 1998 (Fig. 6). We recorded the location of goat sign along seismic 

lines using a GPS unit. We removed goat hair and eliminated tracks and pellets 

after we rewrded data. 

Searches for goat sign along creek drainages.- We searched for goat sign 

within 5-m wide belt transects along both sides of Pinto, Hightower, and Wroe 

Creeks to determine if goats were rnoving beyond the permanent Reserve boundary 

(Fig. 6). We searched for goat sign along al1 creek drainages once during summer 

of 1996 and twice during summer of 1997 and 1998. We began the belt transects at 

the peripheral cliffs within the Reserve (i.e., cliffs 1 b, 2c, 7d, 18; Fig. 6). When goat 

sign was present at the edge of the cliff, we followed the sign away from the cliff 

edge in a direction parallel to the drainage. The trail of goat sign was followed until 

sign was no longer detected and this last location was recorded as a point feature 

with a GPS unit. When goat sign was not present at the edge of the cliff, we 

searched for goat sign along game trails parallel to the creek drainages. We walked 

a minimum of 2 km north of cliff 1b and 2 km south of cliff 18. We also searched for 



Figure 5. Location of 8 paired seismic-line transects (ST) and belt transects (BT) 

within the Pinto Creek study area used to assess the efficiency of 

searching for goat sign along seismic lines versus belt transects in non- 

trailed forests. Numbers indicate discrete cliffs within study area following 

Penner and Jalkowsky (1 982). 
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! Figure 6. Location of transects where searches for goat sign were conduded from 
i 

1 
May 1996 to November 1998. Numbers indicate discrete cliffs within 

i stud y area following Pen ner and Jalkowsky (1 982). 
1 

J 
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-1 goat sign beyond clWs 7c and 2c to where Hightower and Wroe creeks cross the 
l j 

/ Polecat Road (Fig. 6). 1/ 
i Goat sign behind cliffis.- We estimated the distance that goats move away 

1 from clHs into forest by opportunistically selecting, and then following, a trail of goat 

$ hair or tracks into forest behind cliffs. These trails were followed until observen 

could no longer locate sign. We used a GPS unit to record the furthest location 

behind the cliff where we found goat sign. We also recorded behavioural 

observations (Le., feeding activity, bedding) based on sign. 

Location of kidding and rutting areas 

Ouring spring of each year. we located the largest group of goats that 

included adult females and observed the group from dawn until dusk to locate 

parturition areas. Field crews camped opposite the group of females and wntinued 

monitoring at dawn the following morning if the goats were still visible. 

We recorded the location and number of rutting pits during fall of each year 

while monitoring cliffs for the presence of goats and while conducting population 

surveys. Rutting pits, dug by adult males during the breeding period, were identifid 

as shallow depressions (30 x 50 cm) in the ground (Geist 1964). We also noted the 

occurrence of courtship behaviour between adult males and adult females as 

described in Geist (1 964). 

Measurements of cliff attributes 

Vegetation attributes of c1iffs.-To assess the importance of vegetation 

characteristics to the selection of cliffs by goats, we established a series of transe& 

bove each cliff and estimated vegetation cover, shrub and tree density, and 

istance from top cliff edge to a change from graminoiddominated to shrub- 

ominated understory vegetation. We estimated vegetation cover within the above- 

liff zone on al1 cliffs during July of 1996, 1 997, and 1 998. Along the top edge of 

ach clifi, we placed permanent marken at 10-m intervals and then randomly 



. select& 10 of the markers. From the selected markers. we placed a permanent 

1 x 1 m plot at a randomly chosen distance, 2 to 10 rn perpendicular from the cliff 

edge. For those cliffs less than 90 m in length, we placed plots at every 10-m 

i marker. We visually estimated the percent cover of lichens. graminoids, herbs, and 
l 

shrubs within each plot. For each cliff, total percent wver for each plant group was 

averaged over al1 samples. 

We measured shrub and tree density in the above-cliff zone on al1 clifls during 

July 1997. We located a series of transects perpendicular to the clifi edge a 20-m 

intervals along the top edge of cliffs; the number of transects on each cliff ranged 

from 2 to 23 depending on the length of the cliff. We used the nearest-individual 

method (Barbour et al., 1 987) to record shrub and tree density at 0, 5. 10, and 20 m 

along each transect. We calculated the density of shrubs and trees in the above-cliff 

zone for each cliff. Along each of these transects, we also measured the distance 

from top edge of the cliff to a change from graminoid-dominated to shnib-dominated 

understory vegetation. To locate the change in vegetation we walked along the 

transect until our estimate of the percent cover of shrubs (Labrador tea) exceeded 

that of graminoids. At this location, we then visually estimated the percent cover of 

Labrador tea within a 1 -rn radius plot; if the percent cover was S 0 %  we measured 

the distance from the cliff edge to this location. If the percent cover of Labrador tea 

was <60%, we moved 2 m along the transect and repeated the percent cover 

estimate. We repeated this process at 2-rn intervals along the transect until the 

percent cover of Labrador tea within the plot was 260%. We averaged the distance 

to a change in understory vegetation for each cliff. 

Physical and spatial atfnbutes of cliffs. - To explain selective use of clifk by 

goats, we examined physical and spatial features of cliffs. At each of the randomly 

chosen 10-m markers along the top cliff edge, we rneasured slope below the cliff 



edge, aspect of the cliff face, cliff height, distance to escape terrain, and goat 

sightability from the top edge of cliffs. 

We used a range finder (Yardage Pro 800, Bushnell Sports Optics Worldwide, 

Richmond Hill, Ont., Canada) to measure the average distance from the top clifF 

edge to the creek below and to measure the average distance to escape terrain from 

the top clR edge. We defined escape terrain as rocky outcrops within the cliff-face 

zone with a slope estimated to be greater than 30' (1 10%; Smith 1986). We used 

the same procedure to measure the average distance to escape terrain from the 

talus zone or, when the talus zone was absent, the riparian zone. 

We used a modification of the methods described in Griffiih and Youtie (1988) 

to estimate sightability during July 1997 and 1998. We defined sightability from the 

goat's perspective as the maximum line of sight from the top edge of a cliff. At each 

of the randomly chosen marken, an observer (Observer A) was positioned so that 

their eyes were at a height of 1 m above the ground. We chose this height to 

represent the height of a standing adult goat. A second observer (Observer B), held 

a 20 x 30 cm white card at a height of 1 m and walked away from Observer A along 

an azimuth below and perpendicular to the cliff edge until the white card could not be 

seen by Observer A. We then measured the distance between Observer A and 

Observer B. This procedure was repeated at 3 other azimuths at 90" intervals 

starting with the initial azimuth perpendicular to the cliff edge. Total sightability for 

each cliff was averaged over al1 samples for that cliff. 

We also measured the length of cliffs along the top edge and snow depth in 

the above-cliff zone. We recorded snow depth (cm) during each winter sampling 

interval from February through March 1997 and from January through March 1998. 

We placed a numbered snow-depth gauge 2 m from the cliff edge in the above-diff 

zone (Fig. 7). During 1997. snow depths were not measured on clifk 2a - 2c, and 

2g - 2k, but in 1998 snow depths were measured on al1 cliffs. To estimate total 



Figure 7. Location of snow depth gauges and cliff cornplex boundaries within the 

Pinto Creek study area. Numbers indicate discrete cliffs Mhin the study 

area following Penner and Jalkowsky (1 982). 
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accumulation of snow on each cliff for winter 1997 and 1998, we totalled snow 

depths across periods of snow melt (when snow depth returned to "O"). We used 

GIS to measure the straight-line distance between each cliff and the next nearest 

cliff and to count the number of other cliffs located within a 1-km radius of each 

individual cliff. 

Minimum population estimates 

We defined the seasonal minimum population estimate of goats as the 

maximum number of individuah of each age and sex class observed during a 

sampling interval within each season. We estimated the minimum population by 

comparing data from visual observations while checking cliffs during each sampling 

interval, occasional (N=1 O) day-long population surveys specïfically dedicated to 

obseMng al1 cliffs within the study area in a single day, and 2 heliwpter surveys. 

We looked for goats on each cliff within the study area at least once every sampling 

interval throughout the year. Cliffs were observed from above while walking along 

trails at the top of the cliff and from trail locations directly opposite the cliff. We useâ 

binoculan (8X or 1 OX) and a 15-45X spotting scope to identify individual goats as 

kids, yearlings, 2-year-olds, adult females, adult males or unclassified adult We 

detemined the age and sex of goats based on observations of hom morphology, 
I 

body size, and urination posture (Chadwick 1973, Smith 1988). We recorded cliff 

i number, time, aga and sex class, and weather conditions for each observation. We 

also rewrded observations of individual characteristics such as patterns of hair 

growth or degree of winter hair loss to help distinguish individual goats. If kids were 

present, we also recorded the number of adult female-kid p a i n  to obtain adult 

female-kid ratios. 

We wnducted day-long ground surveys within the study area. To facilitate 

efficient sampling by 2 or 3 observers within a maximum of 6 houn. we stratifieci the 
l 

study area and assigned a group of cliffs to each observer. Two observers began 



the survey between cliffs 4 and 5; 1 observer checked cliffs 1 a, 1 b, 3,4,15-17 and 

the other looked at cliffs 5. 6, 7a-7d, 8-14, 18 (Fig. 7).  Eacr, ~bserver walked along 

goat trails at the top of the canyon heading in opposite directions to avoid dMng 

goats into the other's observation area. A third observer looked at cliffs 2a-2c. 2g-2k 

(Fig. 7). On those occasions when only 2 observers were a,.jailable, the person 

checking cliffs 1 a. 1 b, 3, 4. 1 5-1 7 also observed cliffs 2a-2c. Lg-2k. The ground 

surveys were performed between 0800 and 1800 during spring and summer and 

0900 and 1600 during fall and winter. Observers scanned each cliff with binoculars 

for a maximum of 10 minutes. When goats were observed .iie group size and age 

and sex class of individuals were recorded. 

We conducteci 2 population surveys from a helicopter during surnrner 1996; 

both flights took place between 0800 and 11 00. During eaci I flight there was a 

minimum of 1 observer on each side of the helicopter as w ê ~  as the pilot; 1 of the 

observers recorded the data. The first flight was at an elevation of 140 m above 

ground level travelling from the south end of the Reserve area to the north end and 

then above the cliffs on Hightower Creek. The second fligh i was at an elevation of 

460 m. This flight covered Pinto Creek from Highway 40 d ,wn to the Wildhay River - 

and Hightower Creek and Wroe Creek from their confluence with Pinto Creek to the 

Polecat Road (see Fig. 4). 

To compare our results with those of previous studie; of goats along Pinto 

Creek, we also detemined the yearly minimum population simate as the maximum 

number of individual goats observed throughout each year. L de estimated the 

reproductive rate of adult females each year based on the greatest number of adult 

females observed during the kidding period (May through J .. : and the number of 

kids observed during the same period. We assumed al1 kit;; oorn survived to be 

counted. We did not measure mortality of goats directly. Th - annual survivorship of 



kids, however, was inferred by comparing the number of kic - each year at the end of 

the kidding period with the number of yearlings the followinc; year. 

Presence of other species within the study area 

We recordeâ the location of sign of other species (i-e . hair, scats, tracks, 

visual) when enwuntered within belt transects on the top o. Xs, along goat trails, 

and while searching for goat sign along seismic lines and b-1: iransects away from 

cliffs. We recorded the date, general location (i.e., transect :iumber or cliff number), 

species. and type of sign. We eliminated the sign after recc i n g  the data. We also 

examined photos from remote cameras for the presence of - scies other than goats. 

DATA ANALYSIS 

We defined 4 seasons for data analysis based on vey=;ation, snow cover, 

and goat breeding behaviour. Winter (Dec through Apr) wa.. ~ased on the presenœ 

of persistent snow cover and winter donnancy of vegetatior Spring (May through 

Jun) was characterised by the first flush of leafy vegetation and the onset of the 

kidding period. We characterised summer (Jul through Se& daseci on the presenœ 

of flowenng vegetation and shedding of winter hair by goats Fall (Oct through Nov) 

was characterised by the absence of leafy vegetation, interi lent snowfall, and the 

rut. 

To examine individual cliff use, we deterrnined goat senœ on each cliff by 

examining al1 visual observation data and belt transect and ~t data for each day a 

cliff was obsenred. We calculated the total number of tirne. ;at presenœ was 

recorded on each cliff by season and year. We calculated th? percentage of times 

goats were detected on each cliff (percent detection) by se& J and year as the 

number of times goats were detected on each cliff divided t .le number of days 

each cliff was observed. We used percent detection as a 1.  -.=ure of relative use by 

goats of each cl iff. 



We used muîtiple linear regression to analyse the rel5mship benNeen the 

dependent variable cliff use (percent detection of goats on each cliff) and the 

independent variables of cliff size, dope, aspect, distance t scape terrain, 

accumulated snow depth, goat sightability, distance to neart ,. cliff, number of other 

cliffs within a radius of 1 km, distance to a change in vegeta. .i type from clifF edge, 

clifF forage, and tree and shrub density. To reduce the numbei- of independent 

variables and avoid the use of highly correlated variables, w i xeated the 

independent variables cliff sire and cliff forage. We calculaiGL cliff size by taking the 

product of the variables height and length, and we calcula te^ .iiff forage by summing 

the average percent cover of lichens, graminoids, herbs, and .hrubs measured on 

the top of each cliff. We excluded the variables aspect and ' i  Lance to escape 

terrain in the regression analysis because data for both of ttIcda variables was non- 

linear and linearity could not be achieved even after a data tl G l  lsformation. The 

variable cliff forage was only included in the regressions for s~ .nmer and 

accumulated snow depth was included only in regressions f Anter. We analysed 

each season and year separately. We screened data and p. - -med descriptive 

statistics for each variable as suggested by Lewis-Beck (1 9 8 ~  ,. We used 

STATlSTlCA (StatSoft lnc. 1997) forward stepwise regressior :O develop regression 

models and used a = 0.05 for al1 tests of significance. We e hined variance 

inflation factors (VIF) for multicollinearity of independent var ès and then ordered 

variables in ternis of importance based on the magnitude of 5 mdardised regression 

coefficients (Lewis-Beck 1 980, Bowyer et al. 1 988). We testt multiple regression 

assumptions and madel aptness using the diagnostic techni ~s described in Fox 

(1991) and Bowyer et al. (1988). 

We described the distribution of goats within the study .rea by cliff 

complexes. A cliff complex was defined as a group or cliffs jL a d  by welldefined 

game trails. Movement between cliffs within a cornplex did r raquire frequent 



crossings of flowing water greater than 1 .O m; at this depth g . 

to swim. We identified 4 cliff complexes (Fig. 7): North Pinto 

and South Pinto. We determined the seasonal and yearly pe 

in each clifF complex by dividing the total number of times go, 

cliffs in each complex by the total number of times cliffs in ea 

observed. 

RESULTS 

Distribution of goats among cliff complexes 

We monitored cliffs for the presence of goats during 9 

1996 (48 observation days), 21 sampling intervals in 1997 (9- 

and 19 sampling intervals in 1998 (93 observation days). We 

of goats most consistently within the North Pinto, Mid Pinto, a 

complexes. We recorded the presence of goats in ail seasor 

complexes during 1996 (Fig. 8). 1 997 (Fig. 9) and 1 998 (Fig. . 

1998 within the Hightower complex (Fig. 10). We do not kno 

within the Hightower complex during spring 1996 and winter 

unable to access cliffs within this complex. 

Mean snow accumulation among cliff complexes was s 

1997 = 25.87, P < 0.001), although there was no intera 

cliff complex (F2v34 = 1.06, P = 0.349). Mean snow accumula. 

complexes ranged frorn 20.3 I 2.4 cm to 24.7 I 2.0 cm in 19: 

15.2 i 1.4 cm in 1998 (Fig. 1 l ) ,  yet there was no significant a 

complexes (F2v34 = 1.1 O, P = 0.344). 

We mapped over 35 km of trails used by goats to mov 

complexes (Fig. 12). The length of trails between cliffs range 

1600 m and some were up to 800 m from escape terrain. Sc. 

included portions of seismic lines. 

's would be required 

.. 3 htower; Mid Pinto; 

?nt detection of goats 

, were detected on 

~omplex were 

~ipl ing intervals in 

ooservation days), 

. etected the presenœ 

:f South Pinto cliff 

. rithin these 

:: ,, but only during fall 

.; goats were present 

!7, because we were 

iificantly greater in 

~n between year and 

(1 SE) among 

.ind 13.4 + 1.4 cm to 

- rence among 

nong cliff 

om 40 m to over 

: trails used by goats 



Figure 8. Seasonal distribution of goats within cliff complexes from May to October 

1996 as rneasured by relative indices of goat activ The number above 

each bar indicates the nurnber of times cliffs within .e complex were 

obserwd. Numbers along the drainages indicate c screte cliffs within the 

study area following Penner and Jalkowsky (1 982). 
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Figure 9. Seasonal distribution of goats within cliff complexes from January to 

December 1997 as measured by relative indices of goat activity. The 

number above each bar indicates the number of times cliffs within the 

complex were observed. Numbers along the drainages indicate discrete 

cliffs within the study area following Penner and Jaikowsky (1 982). 
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Figure 10. Seasonal distribution of goats within cliff complexes from January to 

November 1998 as measured by relative indices of goat activity. The 

number above each bar indicates the number of times clifb within the 

corn plex were obsewed . N um bers alon g the drainages indicate discrete 

cliffs within the study area following Penner and Jalkomky (1 982). 
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Figure 1 1. Cornparison of mean accumulated snow depths for clifF compkxes within 

the Pinto Creek study area during 1997 and 1998. Snow depths were 

measured from February to March 1997. and from January to March 

1998. The value above each bar is the nurnber of snow depth 

measurements taken within each cornplex. Error bars indicate 1 SE. 
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Figure 12. Known use of trails by goats within the Pinto Creek study area from May 

1996 through April 1998. Numbers indicate discrete cliffs within the study 

area following Penner and Jalkowsky (1 982). 
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Individuel cliff use 

Relative clif use.- We made a total of 239 observations of cliffs during 1996 

(Fig. 13). 861 observations during 1997 (Fig. 14). and 1035 observations during 

1998 (Fig. 15). The relative use of individual clifFs, as measured by the percentage 

of times goats were detected on each cliff (percent detection), differed by season 

and year. There was no pattern, however, of yearly or seasonal cliff selection. We 

did not record goats using cliffs 2a, 2k, 3, 7c, 7d. 17, and 18 during spring 1996 (Fig. 

13) and during winter 1996-97, goats used al1 cliffs except cl8 2c (Fig. 14). In 

contrast. during 1 998, goats used al1 cliffs during al1 seasons (Fig. 15). The greatest 

relative use occuned on c l ï  within 3 general regions of the study area: cliff 1b in 

the north, cliff 6 in the middle, and cliffs 8 and 9 in the south. 

ClH attributes that explain relative cliff use.-The descriptive statistics for al1 

variables used in the muitiple regression analysis are presented in Table 2. There 

was a large variation in cliff size; the smallest being 444 m2 and the largest 

30,870 m2 (Table 2). The mean snow accumulation among cliffs was c24.7 cm for 

both winter 1996-97 and winter 1997-98. Mean % cover of forage on cliffs was 

similar among years (Table 2). On average, cliffs had steep slopes ranging from -67 . 

% to -150 % (Table 2). 

We expbined relative use of clifis with multiple regression models for each 

season and year (Table 3). The variable cliff size was included in al1 models except 

: for summer and faII 1997 and was the most important independent variable in 5 of 

'1 1 1 models (Table 3). The @ values ranged from 0.15 to 0.91 and the effect size 

was large for al1 models (Table 3). Accumulated snow depth did not help to expfain 1 
cliff use for winter 1996-97 or winter 1997-98 (Table 3). 

Location of kidding and nitüng areas 

During the kidding period we directly observed adult fernales with kids on 

clRs la, Ib, 4,6, 7a, 8, 9, 11, 13, and 14 in 1996 (22 observations), cliffs la, lb, 5, 



Figure 13. Percentage of times goats were detected (percent detection) on individual 

cliffs during spring. summer. and fall 1996. An asterisk indicates 

that were not observed during each season. The number above each bar 

indicates the number of times each cliff was obsewed. 
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Figure 14. Percentage of times goats were detected (percent detection) on individual 

cliffs during winter, spring, summer, and fall 1997. An asterisk indicates 

clifFs that were not observed during each season. The number above 

each bar indicates the number of times each cliff was observed. 
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Figure 15. Percentage of tirnes goats were detected (percent detedion) on individual 

cliffs during winter, spring, summer, and fall 1998. The number above 

each bar indicates the number of times each cliff was observed. 





Table 2. Descriptive statistics for dependent and independent variables used in the 

multiple regression analysis designed to explain relative cliff use (N = 
number of clifk sampled): % wver is mean % cover of forage on cliffs, 

radius is number of clifFs within 1-km radius of individual cliffs, nearest cliff 

is the distance to the nearest cliff, sightability is the mean maximum line of 

sight from the top edge of a cliff, change in vegetation is the rnean distance 

from cliff edge to a change from graminoiddominated to shrub-dominated 

understory. 

Variable N Mean SE Min Max 

Spring 96 (% detecüons) 

Summer 96 (% detedions) 

FaIl96 (VO detedions) 

Winter 97 (% detedions) 

Spring 97 (% detections) 

Summer 97 (% detedions) 

FaIl97 (% detections) 

Winter 98 (% detections) 

Spring 98 (% detections) 

Summer 98 (% detections) 

Fall98 (% detedions) 

Clifi size (m2) 

Nearest cliff (m) 

Radius 

Slope (%) 

Sightabilii 

Snow accumulation 97 (cm) 

Snow accumulation 98 (cm) 

% cover96 (%) 

% cover97 (%) 

% cover98 (%) 

Shrub density (stemsha) 

Tree density (stemsiha) 

Change in vegetation (m) 



Table 3. Forward stepwise multiple regression models for relative clin use. Moûel variables are listed in order of 

importance: % cover is mean % cover of forage on cliffs, radius is number of cliffs within 1-km radius of 

individual c r i ,  nearest c r i  is the distance to the nearest cliff, sightability is the mean maximum line of sight 

from the top edge of a cliff, change is the mean distance from cl# edge to a change from graminoid- 

dominated to shrub-âominated understory. 
- - -- --- - - 

Year Season Foiward stepwise multiple tegression model Multiple d f2  F df P 

1996 Spring 

Surnmer 

Fall 

1997 Winter 

Spring 

Summer 

Fall 

1998 Winter 

Spring 

Summer 

Fall 

Cliff size + slope + s h ~ b  density 

Clifï size + tree densiîy + sightabili + radius + shtub density + % coverQ6 

Radius + diff sue 

Cliff size + radius + nearest cliff + slope + change + shrub density 

Radius + diff sue + sightabiliîy + slope 

Shrub ciensity + nearest diff + % coverB7 

Shwb density + nearest diff + change in vegetation 

C M  site + shrub density 

Cliff size 

Radius + cliff size + shrub density + sightability + nearest diff 

Radius + diff size + tree density + nearest cliff + change in vegetaüon 

NOTE: f2  represents effect size !Cohen 1992). 



6, 8, 9, 11, and 13 in 1997 (28 observations), and cliffs 1 b, 6, 7a, and 9 in 1998 

(1 0 observations; Appendix A, Fig. 1 ). Remote cameras recorded adult females with 

kids during the kidding period on cliffs 2k, 6, 9, and 18 in 1997 (10 independent 

photos) and cliffs 1 b, 5, 6, 9, and 18 in 1998 (1 1 independent photos). The earliest 

direct observation of a new-barn kid was 26 May on cliff l a  in 1996, 28 May on ctiffs 

5, 6, and 13 in 1 997, and 21 May on cliff 7a in 1998. Although birthing events were 

not observed directly, a very young kid assumed to be only a few hours old was 

observed on 21 May 1998 with 2 adult females and 1 other kid on cliff 7a. The 

younger kid was wet and it was having trouble standing and walking. 

During the rut of al1 years, we recorded the presence of rutting pits on clifk 

along Pinto creek (Appendix A, Fig. 1). Also during the rut, we observed adult males 

and females together on cliffs 1 a and 9 during 1996 (2 observations), cliff 6 in 1997 

(1 observation), and cliffs 6, 8, and 9 in 1998 (4 ûbservations; Appendix A, Fig. 1). 

On 1 1 Novem ber 1 998, we observed courtship behaviour ( e.g., low-stretch posture 

of a male approaching a female, male kicking the haunches of a female; Geist 1964) 

between an adult male and subadult female on cliffs 9 and 6. 

Location of goats in forests 

We observed goat sign on 4 of the 8 seismic-line transects used to examine 

the efficiency of searching for goat sign along seisrnic lines cornpared to belt 

transects through forests (Fig. 5: STI, ST2, ST5, ST6). We did not find goat sign on 

any of the paired belt transects. We concluded that the most efficient method of 

searching for goat sign within the study area was to search for goat sign along 

seismic lines and trails. 

We found goat sign outside of the Resenre 3 times during winter 1996-97 and 

6 times during winter 1997-98 (Fig. 16). We also found goat sign outside the 

Reserve on 5 occasions during summer 1996, 14 during summer 1997, and 13 

during summer 1998 (Fig. 16). Ouring summer 1997 and 1998, we found goat hair, 



Figure 16. Location of goat sign observed outside of the Pinto Creek Goat Reserve 

from May 1996 through November 1998. Closed symbols are goat sign 

recorded during summer and open symbols are goat sign recorded during 

winter. Numbers indicate discrete cliffs within the study area following 

Penner and Jalkowsky (1 982). 





pellets, and tracks on a cliff along Pinto Creek 2 km south of the Reserve (Fig. 16). 

We recorded goat sign up to 2 km west of the Reserve along Hightower Creek 

during summer 1996-97 and 1997-98. In summer 1998, we observed an adult 

female and kid outside of the Reserve 40 m west of cliff 7c along Wroe Creek. 

During winter and summer 1997 and 1998, we found goat hair and tracks outside 

the Reserve on a seismic-line transect east of cliff 1 b (Fig. 16). In summer 1998, 

goat hair was found 2 km outside the Reserve on a seismic-line transect nearly 3 km 

northeast of cliff 1 b (Fig. 16). We located goat tracks and pellets 210 m behind cliff 

1 b during winter 1996-97 and 420 m behind cliff 1 b in 1997-98 (Fig. 16). During 

summer 1996 and 1997 we found goat tracks and hair on a seismic-line transect 
. 

between cliff 6 and 7a. We also found goat tracks along this same seismic-line 

transect du ring winter 1 996-97 and 1 997-98 (Fig . 1 6). 

Minimum population estimates 

Minimum population estimates of goats within the Pinto Creek study area 

have been interrnittently recorded since 1962 (Table 4). Minimum population 

estimates obtained from direct observations varied from a low of 8 individuals in 

1981 to a high of 27 in 1996. The number of kids per 100 adult females ranged from 

33 to 100 (Table 4). 

We observed the yearly minimum population estimate of goats within the 

study area to decrease from 27 individuals in 1996 to 17 individuals in 1998 (Table 

4). The ratio of adult males: 100 adult females was 25 in 1996 and 1997 and 33 in 

1998. The minimum number of kids we observed during the kidding period ranged 

from a high of 7 during summer 1996 to a low of 5 during summer 1997 and 1998 

(Table 4). If the assessment of yearlings during each year was correct. 57% of kids 

born in 1996 survived to 1997 and 20% of kids born in 1997 suwived to 1998. 

During al1 years, there were some individuals that we were unable ta classify as to 

sex or age (Table 4). Seasonal minimum population estimates ranged from 1 3 to 27 





individuals and were usually less than the yearly minimum population estimates 

(Table 5). We counted a total of 10 goats dunng our first helicopter survey 

conducted on 20 June 1996. We observed overt responses by goats (running off 

cliffs into the forest) as the helicopter flew over goats at a vertical height of 140 m. 

Our second helicopter survey was conducted 08 August 1996 at which time we 

counted a total of 11 goats. Dunng the second helicopter survey we flew at a 

distance of 460 m above the canyon and did not observe overt responses from 

goats as the helicopter flew over. 

Four mortalities (2 adults, 1 unclassified, and 1 kid) were documented during 

summer 1997. The skull of an adult goat was found in the forest on 31 July 1997, ' 

south of cliff 18 while searching for goat sign away from cliffs (Fig. 16). The skull 

was brittle, free of flesh, and bleached white. Therefore, we estimated that the time 

of the mortality was greater than 2 yeîrs. Although the horn sheaths were missing, 

we classified this goat as an adult based on horn basal circumference (Smith 1988). 

We found the remains of 2 goats at the bottom of cliff 2k in the forest while 

doing regular searches for goat sign between cliffs (Fig. 16). On 24 July 1997, a 

goat skull with horn sheaths, rib cage, 2 fernurs, and hair was found at the bottom of ' 

cliff 2k. We identified this goat as a 3-year-old male based on horn curvature and 

the number of growth rings on the horns (Brandborg 1955, Stevens and Houston 

1989). We detemined the time of death to be between 3 June and 24 July, 1997 

based on regular searches for goat sign in the area. We found the remains of a 

second goat on 14 September 1997, 15 m from the first mortality found at this 

location. The second mortality consisted of large strips of pelage and a femur. We 

classified this individual as an adult by comparing the length and circumference of 

the femur to that of the adult male found at this site in July. We estimated that the 

second mortality occurred between 24 August and 14 September based on data 

from regular searches for goat sign in this area. 



Table 5. Seasonal minimum population estirnates of mountain goats along Pinto Creek May 1996 through Novernber 

1998 (N = number of observation days). 

Year Season N Kid Yearling Two-year-old Adult Unclassified Total 

1996 spring 

summer 

fall 

1997 winter 

spring 

summer 

fall 

1 998 winter 

spring 

summer 

fall 



On 1 1 July 1997, a female kid was observed falling to its death on cliff 13. An 

obsewer watched a large boulder break loose from the top of cliff 13 and roll down 

the cliff toward an adult female and kid located near the bottom half of the cliff. The 

adult female ran across the cliff to avoid contact with the boulder. The kid ran down 

the cliff to avoid the boulder, but in doing sol fell off a 7-m high ledge to its death. 

We directly observed coyotes, black bears, a cougar and a grizzly bear within 

the study area. Photos from remote cameras indicate that there was a minimum of 2 

grizzly bears (one ear-tagged). 2 cougars, and 2 wolves using goat trails along the 

top of cliffs and between cliffs. Wolf tracks. in groups of 1 to 3 individuals. were 

observed frequently along cliffs, seismic lines, and logging roads during winter. 

Tracks of cougars. wolves, and grizzly bears were recorded on goat trails and clifîs 

throughout the area. Wolf scat was found along the top of cliffis during winter and 

summer and we found bear and wolf scats containing goat hair within 10 m of the 2 

goat mortalities found at the bottom of cliff 2k (Fig. 16). 

DISCUSSION 

Distribution among cliff complexes 

Mountain goats often display seasonal differences in range use (Smith 1986). 

In some areas, goats rnake long distance seasonal movements between summer 

and winter ranges (Chadwick 1973, Smith 1986). We did not observe a seasonal or 

yearly pattern of distribution among cliff complexes. We detected the presence of 

goats within al1 complexes, except during fall 1996 and 1997 when goats were not 

detected within the Hightower complex. Absence of goats during these periods may 

be explained by the relatively fewer times that cliffs within the Hightower complex 

were visited. We did detect the presence of goats within the Hightower complex 

during fall 1998 and this may reflect a change in the distribution of goats to include 

cliffs within the Hig htower complex. 



During winter, goats usually restrict their movements to small areas within the 

boundaries of their summer home ranges (Smith 1976, Schoen 1978, Adams et al. 

1982). Small home ranges may be due to snow conditions that restrict movements 

and access to forage (Schoen 1978, Fox 1983, Smith 1986). Although snow 

accumulation at Pinto Creek was significantly greater in winter 1997 than in winter 

1998, snow depths along goat trails were probabfy too shallow during both winters to 

restrict movements of goats among cliff complexes. 

Although we did not observe patterns of distribution and movements of goats 

within the study area, lack of predictability and short-terni use of specific areas within 

the Reserve could be part of a predator-avoidanœ strategy used by goats along 

Pinto Creek. If availability of escape terrain limits movements of goats within the 

Reserve, then goats might avoid encounters with predators by moving frequently 

and unpredictably throughout the Reserve. The relative proximity of cliffs, and the 

well-defined trails connecting them, could explain why a population of goats has 

penisted within the Pinto Creek Goat Reserve. 

lndividual cliff use 

We did not observe a consistent pattern of annual or seasonal cliff use. In 

general, there were a few cliffk on which we detected goats more frequently. These 

cliffs were distributed in 3 general areas within the Reserve: the northern, lower- 

middle, and southern sections. Cliff size and number of cliffs within a radius of 1 km 

of individual cliffs (i.e., cliff grouping) were the most common independent variables 

in the multiple regression models developed to explain cliff use. This suggests that 

not only attributes of individual cliffs but also the proximity of large cliffs to other 

smaller cliffs are important factors in deterrnining the importance of individual cliffs. 

In other words, goats shouM be detected more frequently in complexes where there 

is the greatest number of large cliffs or where there is the most cliffs close together. 

Wthin the Pinto Creek study area, large cliffs are concentrated in the lower-middle 



and southern parts of the study area and a similar pattern applies to the distribution 

of groups of cliffs. The northern part of the study area also contains large clifk, but 

there are fewer of them and this correlates with the lower relative use of this area. 

This pattern of cliff use by goats supports our subdivision of the study area into cliff 

complexes. Based on individual cliff-use data, a more accurate representation of 

distinct areas of goat use would be as follows: North Pinto complex (cliffs 1 a, 1 b, 2a, 

and 2k), Hightower complex (cliffs 2b, 2c, 29-2j), Mid Pinto complex (cliffs 3-5, 15- 

17), and the expanded South Pinto complex (cliffs 6, 7a-7d, 8-14). 

lndividual cliffs may be important to goats during the kidding period and rut. 

For example, we observed adult females with kids within the North Pinto, Mid Pinto 

and South Pinto cliff complexes during al1 years. Only the Iargest cliffs within each 

complex, however, were used during al1 years by adult females with kids. Similarly, 

observations of adult males with adult females during the nit were on the larger cliffs 

within the same 3 cliff complexes. We observed goats in larger groups during both 

the kidding period and rut. Female goats usually isolate themselves on steep terrain 

to give birth then, a few days later, adult females with kids and other subadult goats 

band together into nursery groups (Festa-Bianchet 1994). During the rut, adult 

males join female-subadult groups (Geist 1964). Goats may be most vulnerable to 

predation and disturbance during the kidding period and rut and remain closer to 

escape terrain than during other times of the year (Geist 1964, Chadwick 1973, 

Rideout 1974, Joslin 1986). If proximity to escape terrain is more important to goats 

during kidding and the rut, then goats in the Pinto Creek study area should select 

bigger cliffs during these periods because only the big cliffs provide enough escape 

terrain for larger groups of goats. 

Location of goats in forests 

Seasonal use of forests by goats has been documented by other researchers. 

In winter, Smith (1982) observed goats in forests 0.4 km from the nearest cliff. 



Goats use forests as travel corridors between cliffs, to mineral Iick sites, and 

between summer and winter ranges (Brandborg 1955, Chadwick 1973). Forests 

could be an important camponent of winter range in coastal regions (Fox 1983, 

Smith 1986). We recorded the presence of goats in forests within the Pinto Creek 

study area during winter and summer. During summer, we found goat hair along 

seismic lines through forests up to 2 km from escape terrain. In winter, goat sign 

was found in forests up to 0.4 km from escape terrain. We frequently found goat 

sign on trail systems, located up to 0.8 km from cliffs in forests within the Reserve in 

summer. 

Goats use forests within the Pinto Creek study area for a number of reasons. 

During winters with low snow depths, which do not decrease forage availability and 

efficiency, goats search for food in the forests behind cliffs. In summer, vegetation 

on cliffs may not provide good quality forage because of the intense sunlight and 

constant drying effects of wind. As a result, goats search for higher quality forage in 

forests. During winter and sumrner, goats may move off exposed clifFs and use 

forests for thermal cover; during summer, we frequently observed goats moving off 

exposed cliffs and bedding under the shade of spnice trees just beyond the cliff 

edge in the above-cliff zone. After the kidding period, goats often make short- 

duration movements away from their summer range to mineral lick sites (Hebert and 

Cowan l971, Hopkins et al. 7992). We did not find mineral licks in the study area, 

but it is possible that goats within the Pinto Creek area search for mineral licks while 

travelling through forests. Use of forests by small groups of goats also may be a 

predator-avoidance strategy. Predators are thoug ht to spend most of their search 

time in areas of high prey density and prey at low density may experience lower 

predation because of a partial refuge effect (Caughley and Sinclair 1994). The 

unpredictability of goat movements between forests and cliffs could be in response 

to predation. 



Population estimates 

Population estimates of goats within the Pinto Creek study area have varied 

since the first population surveys in 1962. One should be cautious, however, when 

comparing population estimates obtained with aerial and ground survey methods. 

Some ungulates are reported to be greatly disturbed by aircraft over-flights and 

accurate population counts are difficult once animals begin to move (Stockwell et al. 

1 991, Bleich et al. 1994, Côté 1996, D.G. Harrison, personal observation). Ground 

surveys can also be biased unless animals are markeâ or are individually 

recognisable (Foster 1 982). 

The ratio of males:100 females within the Pinto Creek goat herd appears 

lower than many other goat populations (Brandborg 1955, Stevens and Driver 1978, 

Festa-Bianchet et al. 1994). However, ratios of 26-28 males: 100 females have been 

reported by Singer and Doherty (1 985); 27-56: 100 by Chadwick (1 977); and 

23-44100 by Rideout (1 974). Geist (1964) reported that ratios of males:100 

females increased during the rut due to the influx of male goats from peripheral 

areas. We did not observe an increase in the ratio of male:100 females during fall. 

The low proportion of males in the Pinto Creek goat population may suggest that 

cliffs within the Reserve are primarily within the range of female-subadult goats and 

that males generally use areas outside of the Reserve; alternatively the overall 

population may have few males. 

The survival rate of kids born in 1996 was similar to those reported by other 

studies of this species, but survivorship of kids born in 1997 was well below reported 

values (Festa-Bianchet et al. 1994, Smith et al. 1992). Festa-Bianchet et al. (1994) 

reported that predation was the main cause of death for most radio-collared kids 

during their study in northwest Alberta. Predation on kids was also suggested as a 

major cause of poor recruitment in goat herds in Alberta (Smith et al. 1992). In 

southeastern Alaska, Fox and Streveler (1 986) reported that 62% of 124 wolf scats 



contained mountain goat remains. Côté et al. (1997) observed 4 attacks by single 

wolves on mountain goats at Caw Ridge, Alberta. Wolves killed 4 of 14 marked 

goats within the same study area (Festa-Bianchet et al. 1994). During 1 summer, 

Côté and Beaudoin (1 997) observed 5 grizzly bear attacks on mountain goats at 

Caw Ridge, Alberta. 

In Pinto Creek, remote cameras took pictures of grizzly bears, cougars, and 

wolves. Moreover, we recorded more than 1 individual of each species. This 

concentration of wide-ranging predators suggests that the predators are using the 

Pinto Creek Goat Reserve as a movement corridor. The importance of the Reserve 

as a movement corridor will probably increase as the surrounding forests are logged. 

Logging roads and seismic lines within the area could provide access routes to clifFs 

for predators. The movement of predators through the Reserve could increase 

predation on the goats because of the concentrating effect of the corridor (Simberloff 

and Cox 1987). Goats will becorne more predictable in space as the area directly 

outside the Reserve decreases. Similarly, cornpetition for forage could result as 

other ungulates are concentrated in the Reserve, in response to loss of habitat. We 

observed moose and deer tracks along the tops of cliffs (DG. Harrison, personal 

observation) and recorded pictures of moose, elk, and deer with remote cameras 

located at the tops of cliffs. 

A population genetics analysis, using DNA fingerprinting, was conducted 

using DNA from goat hair that we collected during this study (Nelson 1998). The 

DNA analysis resulted in a minimum population estimate of 31 individuals for 1997 

and 35 individuals for 1998 (Nelson 1998). Population estimates using DNA 

analysis for the Pinto Creek goat herd were both higher than our minimum 

population estimates using direct observations reported here. One possible reason 

is because goats may have been missed during our ground surveys: goats in forests 

cannot be seen by observers on cliffs. Foster (1982) documented that ground 



surveys of ungulates in forests are biased and that total counts should be 

considered minimum estimates only. In this study, we addressed these inherent 

biases of visual ground survey techniques by conducting repeated surveys over time 

(Le., 4- to 10-day intervals); the assumption was that by conducting surveys several 

consecutive days, we would account for the majority of goats in the area. Although 

we could not identify individuals in the population, we did track groups of goats 

during each sampling interval based on age and sex-class composition of the group. 

During winter surveys after fresh snowfall, we searched for fresh goat tracks and 

were able to detemine if any goats had moved out of the Reserve and may have 

been missed during the survey. For example, we observed 14 individuals in 

November 1998, immediately after a fresh snowfall. We did not find any goat tracks 

leaving or entering the Reserve, and therefore, concluded that our population count 

of 14 accounted for the majority of goats within the Reserve at the time of sampling. 

Our estimates of minimum population size do not wncur with curent 

estimates bas& on DNA analysis (23 versus 31 for 1997 and 17 versus 35 for 

1998). Studies of population genetics involving the identification of individuals 

require methods that reveal very hig h levels of genetic variation. Microsatellite 

marken are 1 type of molecular marker with a high degree of variability. There are a 

number of factors, however, that affect the accuracy of microsatellite analyses. Key 

to the success of microsatellite analysis is the development of appropriate primer 

pairs. For best results, primers should wnsistently isolate the targeted microsatellite 

(Parker et al. 1998). To obtain high-resolution results, a large number of alleles at a 

single microsatellite or many microsatellites (26) with many alleles are needed 

(Parker et al. 1998). The Pinto Creek genetic analysis used a maximum of 4 

microsatellite loci with 2 or 3 alleles at each loci (Nelson 1998). Microsatellite loci 

are analysed by amplifying a target region of DNA using a process called 

polymerase chain reaction (PCR). The PCR process is extremely sensitive and 



sample contamination by foreign DNA (e-g., by microbes or human DNA introduced 

by handling) can produce misleading results (Avise 1994). Another concern with the 

Pinto Creek genetic analysis is the inability to know that al1 hairs in a single sample 

collected in the field are from only 1 individual. As part of the DNA extraction 

proœdure, several hairs from a sample are treated as a single sample and DNA 

extracted from al1 of those hairs goes through the PCR process together (Nelson 

1998). An overestimated population size would result if a synthetic genotype, made 

up of DNA from each hair, was produced and identified as a unique individual 

genotype. One further difficulty encountered when scoring microsatellite gels is the 

presence of "slippage products" on the gel (Bruford et al. 1996). These slippage - 

products appear as smaller bands than the actual allele and can be wrongly counted 

as actual alleles. The inclusion of slippage products into the analysis can result in 

inaccurate population structure assessments (Bruford et al. 1996). Reproducibility of 

results from the Pinto Creek genetic study is needed before the accuracy of the 

genetic population estimates can be assessed. If the DNA estimates are correct, 

then this implies our minimum population estimates were a sub-sample of the 

population of goats that uses the Reserve. During each sampling interval, we may . 

have accurately accounted for al1 goats within the study area, however, we had no 

way of knowing if goats observed during subsequent sampling intervals were the 

same individuals. 

Movement of goats beyond the Resewe 

If the goat sign we recorded outside the Reserve represents individuats we 

saw within the Reserve, then the distribution of the Pinto Creek goat population is 

not restricted to the goat Reserve. Penner and Jalkotzy (1982) also recorded the 

presence of goats on cliffs outside the Reserve. Stelfox and Kerr (1962) reported 

observations of goats along the Wildhay River, Oldman Creek, and Athabasca River 

near Hinton. In 1969, a local trapper saw 5 goats heading west across Highway 40 



north of Fred Creek (J. Gienger, Hinton, Alberta, personal communication). This 

location is 7 km south of the crossing of Pinto Creek and Highway 40. More 

recently, direct observations of 2 goats were recorded on the Wildhay River 

approximately 20 km south of the goat Reserve (G. Stenhouse, Alberta 

Environmental Protection, personal communication). These sightings could 

represent movements of goats expanding their range east of the Rocky Mountains. 

Alternatively, these sightings may indicate that the Pinto Creek goat herd is part of a 

larger, more wide-ranging population that extends beyond the current Reserve 

boundaries. Varying numbers of individuals rnay remain in the Reserve at any 1 

time and make long-distance rnovements away from Pinto Creek. This theory is - 

consistent with our population survey data that shows large drops and increases in 

the minimum population estimates throughout the year (Table 5). On a few 

occasions, we did not observe any goats or new goat sign within the Reserve. 

During these apparent absences, goats could have been in forests just outside the 

Reserve or they couM have been making long-distance movements throughout their 

range. River drainages, and their associated cliffs, could provide important habitat 

linkages that allow goats to move throughout their range. Habitat alteration, human . 

activity and illegal hunting could reduce movements of the Pinto Creek goat herd 

within its range. Ultimately, this would lead to reproductive isolation and population 

instability. Prolonged genetic isolation and human disturbance could lead to 

extirpation of mountain goats from the Pinto Creek area. 

Mountain goats tend to exist in small, dispersed subpopulations and viability 

and persistence of each 1 is dependent on the maintenance of habitat linkages 

among subpopulations (Hayden et al. 1990). Habitat linkages among 

subpopulations are thought to facilitate dispersal and hence maintain viable 

population units (Nichols 1985). Habitat loss that reduces or eliminates linkages 

could result in isolated subpopulations of mountain goats (Thompson 1980, Smith 



and Raedeke 1982). The wmbined effects of isolation and small population size 

may lead to genetic homogeneity over time (Smith and Raedeke 1982). Lack of 

genetic diversity is believed to cause inbreeding depression and decreased 

population productivity in many ungulate species (Ralls et al. 1979, Pettus 1982, 

Smith and Raedeke 1982, Fitzsimmons et al. 1995). 

MANAGEMENT RECOMMENDATIONS 

Currently, we do not fully understand the importance of forests to goats along 

Pinto Creek. It appean that goats within the Pinto Creek Goat Reserve are part af a 

large wide-ranging population that depends on habitat linkages within its range. To 

prevent conflicts between goat movements and Jogging activities. we recommend 

that documentation of short-term use of forests (location, frequency, duration, and 

specific activities while in forests) away from clÏffs should be a priority for future 

research. In addition, longdistance movements away from the Pinto Creek area 

shoufd be examined to identify travel routes used by goats and to document the 

extent of their range. Radio collars, preferably GPS collars, placed on adult males 

and females would be an effective way to document use of forests and long-distance 

movements of these individuals. 

Some goats within the Pinto Creek study area may be year-round residents 

and forests are used by goats as travel corridors between cliffs and for foraging. For 

these reasons we believe there is the potential for conflict between logging activities 

and goat movements in the Pinto Creek area. We assume that the goat sign we 

found 2 km outside the Reserve is representative of goat movements. Therefore. 

we recommend the Reserve be extended 2 km along al1 creeks based on 

documented use of north and south Pinto Creek and Hightower Creek. In addition 

the width of the reserve should be extended to 1 km from al1 creeks. This would 

then include 95% of Our goat sign locations rewrded in this study. Future telemetric 

studies may indicate portions of the new Reserve that could potentially be narrower; 



the width of the new Reserve could also be decreased if neutral responses to 

disturbance can be demonstrated. The enlarged Resenre would include cliffs 29, 

2h, and 2i that are not currently included yet showed evidenœ of goat use during 

spring, summer, and fall. Foster and Rahs (1985) recommended buffer zones of 

2 km from the rim of a canyon occupied by goats to prevent disturbanœ from 

industrial activities. They also recommended there should be no logg ing , seismic 

activity, or road building within the buffer zones. Similar restrictions applied to the 

Pinto Creek Goat Resenre would protect forests used by goats and would maintain 

travel corridors among clfis. Although an estimate of a 1-km wide buffer is less 

consewative than Foster and Rahs (1985) recommendation, we believe that the 2 . 

km extension of the Reserve along north and south Pinto, Hightower, and Wroe 

Creeks would include the frequently used cliff and forest habitats. 

Sightings of mountain goats along drainages near Pinto Creek may represent 

important inter-range movements and maintenance of habitat linkages throughout 

the range of the Pinto Creek goat herd could be important for maintaining population 

viability. This includes Pinto Creek. Hightower and Wroe Creeks. The width of 

buffer zones along these drainages beyond the enlarged Reserve should be at least 

150 rn because al1 of the consistently-used goat trails we monitored between clïffs 

were located within 150 m of the canyon rim. Harris and Scheck (1 991) suggested 

corridor widths measured in 100s of meters would be appropriate when the 

movement of a species is being considered and if the corridors are to function in 

terrns of years. To deter predaton and other ungulates from concentrating in the 

Pinto Creek Reserve. habitat linkages in forests beyond Pinto Creek should be 

rnaintained and logging operations in drainages adjacent to Pinto Creek should be 

scheduled so that they are not occurring within the same season. 

We suggest long-term population monitoring of the Pinto Creek goat herd to 

observe changes that may occur as logging activities surrounding the Reserve 



progress. We recommend that ground surveys should be conducted in mid-June to 

determine recruitment and natality, and mid-November to determine pre-winter 

population estimates. We suggest 4 surveys be conducted during each of these 

periods. Two consecutive surveys should be done at the beginning of each period 

followed by 2 more consecutive surveys 7 days later. All cliffs within the study area 

should be observed within the period of 1 day and al1 surveys should be done using 

a minimum of 3 observes (see Methods section). We also recommend the use of 

belt transects on each cliff to monitor changes in individual ciiff use and distribution 

within the Reserve during and after logging activities adjacent to the Reserve. We 

suggest that belt transects be checked twice yearly (Le. during the spring and fall 

population surveys). 

Population estimates using genetic analysis of the Pinto Creek herd are 

inconclusive because these data have yet to be reproduced. Therefore, we 

recommend that additional analysis be conducted on hair samples collected during 

1997 and 1998 to test the precision of this technique. We suggest that additional 

polymorphic microsatellite markers be identified before any further monitoring of the 

population using population genetic techniques is conducted. If the genetic 

population estimates prove to be repeatable, then we recomrnend monitoring the 

goat population by examining DNA extracted from shed hair. To obtain better DNA 

samples, we recommend that hair snagging stations be used in conjunction with 

opportunistic collection of shed hair. Hair snagging stations should be placed within 

the Reserve and along drainages outside the Reserve. 

In addition because of the potential for increased access with increased 

industrial activity, careful consideration should be given to public access issues. 

Further, our limited data on disturbanœ by helicopters would suggest overflights of 

460 m. It is clear that both of these aspects of human disturbance warrant further 

consideration. 
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APPENDIX A. LOCATIONS OF ADULT FEMALES WlTH KlDS DURING THE 

KlDDlNG PERIOD AND ADULT MALES WlTH ADULT 

FEMALES DURING THE RUT. 



Figure 1. Location of adult females with kids (open symbols) during the kidding 

period (May to Jul) and adult females with adult males (closed 

symbols) during the rut (Oct to Nov) during 1996, 1 997, and 1 998. 

Numbers indicate discrete cliffs within the study area following Penner 

and Jalkowsky (1 982). 






