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ABSTRACT
The use of several habitat types and the population deﬁography of
wountain goats were studiedaduring 1974 and 1975 on several ranges
along the_Smoky River ig west centralyAlherta. Observations of goats
were recorded, specifying number of animals, age, sex, location and
activity. A series of habitat parameters including vegetutive cover
type, elevation,.slope, aspect and distanccﬂto the rock~grave];cover\
type was subsequently identified at each observaﬁion location.
Population estimates obtained during this study indicated tﬁat the
numbers of goats on Mount Hamell and the Goat Cliffs had decreased .
from their previous levels. Howe?er; in 1975 both’populations maintained
high productivity and survival, sﬁégesting that they may be increaéing
their numbers. Kid production varied from 27 to 80 kids per 100 nannies.
A descriptioh of plant species composition and sfﬁnding crop
s D)
production is presented for major- foraging areas. Seasonal.changes
in fecal cruae protein content weré used as an index of seasonal changes
in forage quality. 'There were pyonoﬁﬁced seasonal differencés in fecal
cruée protein content reflecting the availability of new plant éro&th
at different times of the year. . Seasonal changes in fo:ége use were
. . 4 . .
also measured using a method of fecal fragment analysis. -
'The interaction betweenvmountain goats and their environment
was considered by'ekamining the activity of goats with respecﬁ to each
of the habitat variables and-seasonal‘cganges in the proportional

use of each habitat. These interactions were considered for the total =

set of observations and compared with nursery group observations as a-



subset of the total observations. Differencesuin use of habitats
betweeﬁ different éctivities were apparent. The majority of obser-
vafions were assoclated with steep rock-gravel habitat; howéver, these
also were assoclated primarily with-bedded or escape activity. TForaging
activity was mhch mpre‘prevalent on open level cover types with more
abundant vegetation and - at greater distances from the rock-gravel cover
type. These differences were'ﬁuch moré evident when the subset of
nursery group obsegvations were considered.

Examination of seasonal patterns suggested that there was an annual

’

cycle af habitat seleétion related to biological needs associated with

events such as parturition, growth and development.of kids, the rut

\

and ¢hanges in forage quality. Theré were profound seasonal changes in
use with respect to elevation and distance to rock-gravel covér, part-

icularly by nprsefy.grohpsl ﬁIhere was an apparent separatioh in the

late summer between billjes and nursery groups with respect to elevation.

-

In the latter part of the summer, nursery groups ventured further from

/
-

the rock—graVei and onto higher elevations than at other times‘of»tﬁé

o . /
year. This was not so apparent for adult males unless they/accomp?nied

7
' i

/ i

! “ ; |

a4 nursery group. . :
) ¥ o 0 . ; o

A strategy of resource use based on the.dichotomy bétween tﬁe

need foE:forage and the need for refuge is presented as 'a poSsible

explanation for the observed patterns of habitat selection. One
interesting aspect of”ghe.resource strategy of mountain goats“is an- ~
N . - ; N ‘ >

apparent spatial division of resources between-nursery groupg andgsnon-

nursery individuals. Habitat use by mounfain goats is comphredéwith

that of other ungulates with emphasis on mountain species‘and the

special problems of resource use in mountainous areas.

_J



Finally .the influence of resource development, recreational
activities and management practices on mountain goat ranges 1s considered
with respect to the impact on the resource strategy of goats. Recom-
mendations are made for management in Alberta. It is stressed that

new priorities should emphasize habitat protection, since problemb ass-

ociated with over-harvesting that were prevalent in the past have been

largely overcome.

vi
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INTRODUCTION

The mountain goat Oreamnos americanus (Blainville, 1816), 14 present
in the southwestern portion of Alberta along the east slopes of the
Rocky Mountains. Within the national parks of Banff and Jn%pvr there are
IPOO to 1500 mountain goats (J. Stelfox, pers. comm.) and approximately
1000 exist In the rest of Alberta (survey data of the Alberta Fish and
Wildlife Division). 1In Alberta, mountain goat numbers have declined
drastically in several areas since about 1950. This decline has becen
associated with the development of reoad access in remote regions, and
almost certainly has been the result of over-hunting godts.un specitic
ranges. In the past, hunting regulations were set on the basis ot total
population estimates for the province without consideration of the fact
that only a few areas with easy access were being hunted. These popul-

)
ations were soon reduced, while more remote populations were untouched,
" - «

By 1969, wildlife management personnel realized that a number of
goat herds were threatened and that in general little was known about other
populations. In that year hunting of mountain goats was terminated

!

thréughout the province. 1In 1972 a restricted permit season was established
in remote areas of Willmore Wilderness Fark, a;cessible ::ly on horseback /
or>by foot. The annual harvest of mountain goats since 1972 has ranged
between 13 and 2 nals distributed over several zongs.

This study 1as dec t with two of the more accessi';ih“opulations
whose numbers ha ~ee. depleted very recently in spitc . the fact that
these have not been :...ted since 1969. These study areas;aré‘situated
about five miles north of the new town of Grande Cache. At the present
timegresource development along the East Slopes of Alberta is of

great concern to wildlife managers since most of the coal resources in

1



this reglon are associated with productive ungulate ranges.

In recent years more and more studies‘of ungulate species have
concerned habitat selection or resource use (e.g. Hirst 1975, Peek et al.
1976, Shannon et al. 1975). Saunders (1955) and Hjeljord (1973) have
Investigate8d habitat and forage selection by mountaiﬁ goats. Investiga-
tions of habitat use may be of importance in assessing the impact that
accrues to wildlife through disturbance éf their natural ranges. However,
it should be acknowlédged that most ungulate studies (includhﬁé’the
present one) are not experimental but simply report non-manipulative
observation of habitat use. Thus we can only hypothesize about habitat
or forage requirements based upon observed preferences.

The intention of this invgstigatlon has been to define a strategy
of resource use thai may provide an explanation of how mountain goat.
satisfy their biological requiréments from the resources available within
their environment. It has not been the goal of this study to provide a
definitive report of the use of.all envirohmental factors by mountain
goats, but rather to examine the use of a few’selected factors that may be
of importance with respect gb the habfigg\}equifements of goats. It must
also be remembered that the observations‘¥eported here may not necessarily
apply to the habitat use by goats 1n other areas‘under a different
climatic regimé or geographié situation. I;/qgikoped that this study may

" Berve as a guide for future investigatjdns as well as provide baseline
data for management of the specific™populations studied. The final
objective has been to assess the impact of various forms of human activity

on mountain goat populations and to discuss management policies that will

reduce the impact of human -activity on goat populations.



DESCRIPTION OF THE STUDY AREAS

The areas chosen for this project are situated between 53955' and
54°00' latitude; 119°00' and 119°15'longitude, along the Smoky River in
west-central Alberta, encompassing Mount Hamell, the Goat Cliffs and
Grande Mountain (figq}c 1). The elevation ranges from about 3000 feet
(914 meters) at the river to 7000 feet (2134 meters) at the top of Mount
Hamell. These arecas are situated on the eastern edge of the Rocky Moun-
tains. To the north and east is a narrbw foothills Cransition zone, and
beyond that lies the boreal forest.

The climate is cool and continental, with cold winters, warm summers, -
i

k4
2y

and relatively low precipitation, most of which occurs in the summer and
{s associated with instability showers rather than frontal activity (C.D.
Schultz Ltd. 1976). Frost and even snow may occur at any time of vear.
Air temperatures are reduced at higher elevations, aﬁd south-facing slopes

are warmer than others. Chinook winds have a major influence on the

winter climate, particularly aloné the Smoky River, which is lower than

the surrognding areas. Thaws may dccur during any winter months; keeping
many of the subalpine slope; Sare of snow amd available to foraging
herbivores: At ridge-top level the prevailing winds are westerly in the
winter and nqrth—westerly iﬁ the summer. Wind speeds average 37 km/hr-
and range up to 92 to 111 km/hr (C.D. Schultz Led. 1976).

Vegetativé associations are influenced by eievation, slope and
aspect. A mosaic of plant communities ranges from riparian at the edge ol
the river, to tundra in the alpine zone, over a relgtiveiy short distance.
The mountain communities are moderately complex in terms of species
diversity and niche specialization. The faunal community of the alpine
and éubalpine iones owes édch of its diversity to the mixture of montane

»

3



Figure 1. Distribution of goats on the study areas.



i goat distribution

contour |Mov§al 500 feet
Ay




and taiga species. 1 discufs vegetative communities in greater detaill in
i
a subsequent section.

Comparable data for population size and structure and fecal samples .
were obtained from a goat herd on Caw Ridge in August 1975, situated about

25 km north east of Mount Hamell. This is a long open ridge with extensive

alpine communities and widely dispersed cliff areas.



METHODS OF STUDY
.

\

Field observations were fecorded from May to August and in October
and November of 1974, and February and May through August in 1975. Daily
observation were conducted between 8:00 AMband 9:00 PM , from base camps
situated on each study area, with the aid of binoculars and a 20X épotting
scope. The location, age, sex and activity were specified for each ob-
servation of single or groups of ‘goats.

The age of a goat was determined on the basis of body size and horn
length (see'Brandborg.1955). It waé often difficult to distinguish
yearling goats beyond the age of 16 months from two-year-olds, and two-
year—olds‘beyond the age of 26 months from adults. Determination of sex
was usually based‘upon a“combination of characteristics. ' Sexual dimor-
phism in horn strugture, described by Brandborg (1955), was useful at
distances of up to about 800 meters. In the sﬁmmer, any adult goat that
was associated with a kid was assumed to be a‘female. - By the middle of
June, adult males could often be distinguished by an advanced state of
moult which was not exhibited.by other cohorts (figure 2). The sérofum
and the udder of adult goats were pften visible after moﬁlt had been
completed on the hind quarters. During suﬁmer, certain areas used as
bedding sites were occupied eXclusively by adult males. Any animal seen
in -hese areas ;as assumed to be a billy, if its sex was nét confirmed by
other means. Differences in the urination postufe of each sex, discused
by DeBock (.970). were occasionally useful for field cléséification.‘TBe

sex of indivi n & group was determined for as many animals as

possible; o - er were listed as unclassified.



£

Figure 2. Dates of moult progression in billies and nannies

during the summer (i.e. earliest commencement and

earliest completion of moult in each seXx).

a
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Mnsl observations of groups were listed according to the prevailing
activity of the group at the time of the observation. In addition to
recording ;1(‘Livitios' of goats, fecal ‘samples were collected whenever:
pns‘sib.lu. N(; fecal group was volluctcvd unless it was judged to be less
than 24 hours old. It was not possible to associate any fecal sample
with 1 particuler animal or a.particular cohort (with the exception .o(

a few kid samples). Fecal samples were analysed for crude protein
content, larval lungworm infection (appendix A) and plant fragment

composition.



POPULATION STATUS

G

Information about the status of the goat popu];lti-ons on Mount Hamel]
and the Goat Cliffs indicated that both were substantially smaller than
they previously were? Kerr (1965) estimated that there were 80 goats
residing on Mount Hamell in 1961. At about that time, road access. was
developed tg the top of Mount Hamell. Since then, the population declined
to about 55 in 1963 at the end of Kerr's study and 32 in 1974 at the
beginning of this study. Fish and Wildlife surveys have indicated that
this nopulation may have dropped to as low as 22 goats in the intervening
period. 1In 1972, when 12 goats were nemoved from the Goat Cliffs for
transplant purposes by the Fish and Wildlife Division, tnere wene 60 gonts
in one group,‘and probably a number of other goats on that complex (C.
Guates pers. comm.). By l974a there were only 23 goats on the Goat Cliff-
Grande Mountain complex. fhesé‘declines were assocliated with increased

human activity, but in each case there is no evidence to 1nd1cate how the

populatlon reduction occurrad or what was the exact cause.

Census Results

The population numbers reported here are estimates based upon ground
observations on each area;' The maximum number ofyindividuals of each age
and sex clasé deen at one time was used as the é;timate for that cohort.
There may have been some efror introduqed on the east side of the Smoky
River by this method due to the discontinuous distribution of goats
between the Goat Cliffs and Grande Mountain. However, the extent of
movement.beCWeen these two afeas was probably not great enough to distort

the estimate of the population in any one year, when the maximum observations

11
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from the Goat Cliffs and Grande were sum"mod. This method of -populntiun
estimate was pfobab]y most accurdte for thé.nannies and kids, which were
the most conspicuous goats during the summer months. Adult males were
often solitary, or in very small groups. Table 1 gives the population
cstimates for Mount ﬁamol] and the Goat Cliff-Grande gomplex fzr 1974 and
1975, The solitary behaviour of adult males accounts for the indelinite
estimate of billies in 1975.

.Examination of the 1974 and 1975 census data from Hamell and the Goat
Cliffs reveals a discrapuncy}that caﬁ only be explained as inaccurate
vonsusing, or As net immigfa&ion onto both areas between.1974 and 1975

A i - )
kidding seasons. On the Goat Cliffs, there were two more two-yecar-olds
in 1975 than yearlings in 1974; thereque, the apparent increase in 1975

is nine goats, which slightly over-estimates the increment by kid production.

Kid Production
lﬁ.this report I use the term kid production to refer to the maximum
numbér of kids observed in one year. It was not possibie to account for
pre- or neo-natal mortality of kids in this study. The estiﬁates given in
table 1 are probably representative of the kids presént prior to winter.
There were two sets of twins born in 1975, one on Mount Hamell and
one on Grande Mountain. No twins were recorded in 1974. Figﬁre 3 shows
the probability thdt kid production was equivalent on each area, or in
cach yvear. 1In 1974 kid production on the Goat Cliffs was significantly
(p <0.05) loﬁer than that on Mount Haméll. The over all difference in kid
production between 1974 and 1975 was ‘great but not significant at the 0.05

level of probability..

-



Table 1.

and 19765.

HMamel1

1974 1975 1974
adult male 8 10-113 8
adult femalce 12 173 11
two-year-old ? 2 Y
vearling 3 ) 1
ki 9 9 3
total 32 - 39-42 23
kids/100 nannies 75 69 27

[

Goat 7(?1 irts

Summary ol population estimates for two study arcas in 1974

1975

8-10

10

31-33

80



Nannies without Kids
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Figure 3. Sta&stical comparison of kid production hetween areas
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by Keeping, 1962, p. 319).



.
The estimated dates ot 1irst born kids and the occurren. o ol twinninyg
ohserved by various authors as well as dn the present otudy are Pivted an

table . The birth ot kids occurred mainly hetore the ond At Mav howe v

some kids were detinitely born in the TIrst and possibliv wooond weck oo

June. The oceurrence of twins in mountain poats has been reported 00 b,
rave by other workers (Br;aﬂdbnry,vl‘)‘)‘3, Kerr 1965 Casebeor ot a7, [0y
however, in this case, two ot the 27 nannies with Kids lad twins. e

+

twinning frequency in this study was 0,07 compared too mean trom o tahle
\:’ of 0,06 and a range of O to 0.14. 1 was onlv able to identitv twin:
At an carly age when they could easily be associated with o single nannv.,

By August, it was often ditficult to associate any kid with a particoalar

nanny

Mortality and Overwinter Survi val

Mortality and sur\;ival of goats were not measured dircctly, but were
only inferred by comparison of the numbers in each cohort from one vear
to the next.  Such a comparison of the adul‘t segment of the populations on
hoth areas, suggests that mortality between 1974 and lé75 was verv low ar
nil. On thq other hand, if the assessment of yearlings on each area in 1975
is correct, 567 of the kids on Mount Hamell survived to 1975 and 677 sur-
vived on the Go;]ﬂt Cliffs. In each case this is probablv a normal to hig}.)
survival rate for mountain goat kids.

The causes of mortality are unknown in these populations. No predation

. , \

was recorded during this study. Potential predators of adult goats were
vrizzly bears (Ursgs arctos) and wolves (Canis lupus). Eagles (Aguil.
chrysaetos), covotes (Canis latrans), lynx (Lgnx éanadensif) and wolverine

(fuio gulo) are potential predators of kids that were present. Eagles

and coyotes were abundant on both study areas. On several uccasions engles

a
.
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were seen stoopir‘lg at kids, but a serious attack was never observed.  An
cagle at very close range CﬂllSe;i kKids to run for the cover of trees., The
combined effort of the above predators may intluence the survival rate,
particularly ot the kid cohort and may also influence the distance that
poats will venture from the rnck—g?nvvl cover type.  This last factor will
boe considered in greater detail in subscequent scctions.

Kerr and Holmes (1966) investigated the parasite load of LOaLs on
Mount Hamell and found no evidence of mortality that could be directly
attributed to any parasite group. Fecal samples collected by mvself
were analysed by T. Cooley of the Wild Animal Disease Center at Colorada
state University for infection by larval lungworms (gvnﬂs I'rotostronqylus) .

This information is summarized in append: -

MObIIIty boetween Aroas

The Smokv River acts as a significant barrier to movement of goats

butween Mount Hamell and areas east of the river. Although the river is
not an absolute barrier, the recent development of a road, railway, lumber

mill and a coal preparation plant between the two areas probably discourages

"

frequent crossings by goats. The next closest populations of goats are
about 20 km distant on Caw Ridge and Stearn Mountain across wide forested

valleys. Consequently, movement to and from those areas is also probably

an infrequent event. The original colonization of the Goat Cliffs and
!

Grande Mountain must have bheen from Mount Hamell, since these areas are on

the eastern edge.of the mountains and are cut off from all other direcet

contact with goat ranges.

< ) -



¥
The extent of movement between the Goat Cliffs and Grande Mountain

is unknown. The dist;m(‘e between the closest ob’scrv;lti(;ns on each area
wias 8 km, encompassing open gentle terrain and spruce—pine torest.

No cvidence of movement between these areas was observed, although this
probably did occur. Dispersal of goats from th main areas ontn; sur-
rounding marginal- areas was difficult to detect by conventional methods.
It seems likely that a large portion uf the goat population on the Goat
Cliffs moved away some time after 1972, onto some of the surrounding
areas.  Movement back to the Goat Ciiffs in 1975 from these marginal
areas could account for the appearance of extra two-year-olds in that
vear.
. There were two billios present on the Goat Cliffs in 1974, and at

least one in 1975, that were tagged in 1970 "n the same location by Fish
“and Wildlife personnei. This is convincing ovidence.of the sedentary nature

of mountain goats and is particularly noteworthy since that population has

been reduced by about 607% .since 1970.

Caw Ridqge o
Observations were recorded for a short pe»r%od in August 1975 on Caw
Ridge, ‘situated about 20 krﬁ north west of Mount Hamell. Table 3 summarrizes
o .
the survey data that wds recorded on Caw Ridge. Until very recently Caw -
Ridge has been relatiQely undisturbed by human activity. The’rate of kid

production and the kid-yearling ratio of 2:1, suggest a stable population

of goats on Caw Ridge at the present time.
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fable 3. Summary of population estimate for Caw Ridge in 1975,

actual number ratio*

.'l(][l] t (uncl) 35 _ 100
vearling 6 17
kid e : 34

total - 53

These are calculated per 100 adults; thus, 34 kids/100 adults mav

be roughly equivalent to 68 kids/100 nannies.



RESOURCE CHARACTERISTICS

The study of niche structure in a population of large herbivores requires
a considération of the characteristics of the habitat that are used by the
animals. Because of ﬁractical_limitations I have chosen to consider the
habitat preferences of mountain goats only in terms of the following
factors: cover type, elevatiop above sea level, slope of . the £errain,
aspect and the distance of any point from the rock-gravel cover type.
Factors such as precipitation, soil characteristics and microclimatic
variation were not investigated. ‘An attempt was made to assesé qualita-

tively and quantitatively the primary production on major feeding areas.

Habitat Parameters
A system of grid coordinates overlying a map of the study area was

"used to locate obse;vations and to plot environmental variablés. Con-
sequently it waé possible to identify the habitat pérametcrs associated
with each observation of goats. ~The distance between adjacent grid
points represented a distance of 206 meters.

'+ Seven cover types were described on the study areas. These did not
represent discrete homogeneous stands,‘bﬁt rathef a subjective class ﬁhat

may intergrade more or less gradually with adjacent types. The boundaries

&

of each type have been drawn from field observation and examples of eéch

are shown in figure 4.

20



. Figure 4. Cover types present on the study areas.

alpine tundra
rock-gravel

A. conifer forest (1) and deciduous forest (2)
B. grassland o

C. subalpine ridge

D. burn

E.

F.






Deciduous Forest. This is a‘prcvalcnt cover type below 4500 feet, and is
usually dominate& by tall dense stands of poplars (Populus tremuloides

and P. balsamifera). In some locations, usually above 3500 feet, a very
dense growth of alder (Alnus crispa) may replace the poplar. Poplar
stands usually suppérg a substantial understory of shrubs, herbs and
grasses,; but in dense alder thickets at higher elevations the growth,qf
understory species is reduced. Smaller, less dense stands of poplar and
willow extend up the valley bottoms and along streams.

Coniferous Forest. This cover type is found predominantly on the moister,
cooler, north-facing slopes. Spruce (Piceg englemanni X P. glauca), is

the dominant species. The understory may vary from a mos 2d fungus mat,
with species such as Empetrum nigrum, Moneses ynifiora anc¢ oo : cénadonsis,
in the moist, dense stands to alder and birch (Betula glandi. »sa: 1 the
more open staﬁds. The conifer type often intergrades at lower Tuv.i lons
with the deciduous forest, resulting in a mixed forest of varying - dti

A éharacteristic feature of this type is that snow remaihs much later o
on other types at similar elevations. Consequently, the coniferous
_forest maintained higher molisture and lower temperatures thrbughout the

_ summer compafed to other types.

'Grgss;and._ This is not a common habitat oh any of the areas. It is-
situated on south or wesc—facing.aspects'below 3500 feet. Trees are
absent, but shrubs such as buffalo befgy (Shepherdia canadensis), wolf
~willow (Elaeagnus commutata) and wild rose (Rosa aciculgris) are common.
Some of the common grasses here include: Festuca saabrelia, Calamogrostis
ipurpurascens, T;isetum spicatum,-Agropyron sp. and Poa sp. Numerous

herbs such as Artemisia frigida, Achillea millefolium, Potentilla sp.

- and Ranunculus sp., are common to this type. This :type intergrades with



the subalpine ridge type and may be a low glevation equivalent to that
typé.' The aspect and steep slopes of the grassland areas frequently
result in higher temperatures and lgwer soil moisture than is found on
other areas at the same elevation.

Subalpine Ridge. ‘This type is normally present above 4000 feet, along the
south-facing slopes of high ridges. Conifers, usually spruce, but some-
times lodgepole pine (Pinus contorta) are present in sparse stands.’
Grasses such as Elymus innovatus, Festuca baffinensis and Poa arctica

are prevalent in this zone. Bearberry (ﬁrctostaphylos uva-ursi),
saxifrage (Saxifraga tricuspidata) and several species of Leguminosae
are common herbs. This cover type can best be described as a transition
zone between grassland and alpine tundra, with intrusion by coaifer and
déciduous férest. It is characterized by low moisture, moderate tempera-
ture and high winds: _This zone usually has a veéry sparse soil ;ith
exposed rock and gravel being a common feature. This is a fairly exten-
sive cover type, and.is -requently associated with the‘gock—gravel type.

Burns. This cover type has many vegetative features in common with the

subalpine ridge. Grasses and bearberry are the most abundant . plant

species; wolf willow, bunch berry and:legumes are of secondary importance.

Alberta Forest Service records indicate that fires have not been a signi-
’

ficant influence on either area since fires were first recorded in 1958.

Most of the burns were probably much earlier than that date. Burns are

v

characteristically open subalpine meadows on predominantly level ground

with very little regeneration of the conifers that formerly were present.

Alpine Tundra. This zone is situated above 6000 feet and is characterized

by the complete absence of trees and shrubs. Primary production and

species composition may be limited by a very short frost-free period,



severe winds, cold temperatures, poor seil conditions and a Xxeric moisture
regime. The substrate usually consists of gravel and shale with a minimum
loam content. Major plant. species in this area include grasses and sedges
(e.g. Elgmus; d‘pmus, Poa, Festuca, Kobresia and Carex), avens (bryas
integrifolia), mountain hecather (Cassiope tetragona), willowslkSalix
nivalis and S. aréticus) and bistort (Polygonum biétoftoides). The tundra
areas are often fairly level or gently sldbed. On south-facing slopes and
exposed ridges, this type may remain snow-free during mbst winter months,
but on northeast-facing slopes, deep snow drifts may form over the winter,
lasting long into the sumuer.

Rocl:~gravel. This type consists of surficial rock, gravel, shale or soil

o
s

and is usually steep and unstable. Because of the textufe.and structéré
of the soil in these areas, little moisture remains for plant growth.
Only the hardiest gr;sses, sedges and herbs .grow here. quing thé spring
when snow is mélting, fhe?e are frequent ”éhowers"'of rocks and dust from
higher cliffs. This type is most frequent at higher, but not the highest
elevations.

~ ) ’ .
The elevation of each point on the previously described grid system
was determined from topographic maps,(Natioﬁal Topographic Séries, 1:50,000
5gule).and'grouped into six categories representing 500 foot contour
intervals between 3500 feet and 6500 féet. Aspect was divided into five
classes related to exposure: northlfacing, south-facing, eas&-facing,
"west-facing aqd level (level areas were exposed in'all'directions, thus
avoiding the need to separate this éategofy into sﬁaded and open categories).

Aspect of a point on the grid was recorded as that of the general area

rather than the immediate location of that point. Slope was estimated



with respect t % cdategories o} 15 intervals from 15 to 75 degrees.
The distance to rock-gravel cover type was expected to be.importént
in terms of habitat requirements of mountain goats. The straight line
distance of each point on the grid system to the closest rogk—grave].
cover type was determined using a computer program called ESCAPE (see

appendix B). This was an interval scaled variable with ‘unequal categories.

v

The distance between grid points was equivalent to 206 meters and cate-

gories of "this variable are a function of that distance.

Pfimafg Production and Vegetative Characteristics ‘ i
A general analysis of some of the major foraging sites is presented
‘here as background information for comparétive purposes and does not spec-—
ifically relate to habitat selection. "Range conditions are compareq on
different cover types and at different times of the summer. Clip~blo£s
and transecgs wéré used to provide information about quantitative and.
qualitative features of primary production. Variations in plant species
composition between transects on the same cover types indicate the range
éf vegetation‘that may bé found within a cover type on'two study areas.
On the other hand, data from the clop;plots on the same cover types have
been lumped to characterize the differences between cover typés rather
than express the variation within a cover type. Table 4 lists the mean
estimated percenf cover and a value for the Braun-Blanquet cover.abundance
scale (Mueller—Dombéis and.Ellenberg 1974) as determined from transécts
on subalpine ridge, burn and alpine tundra cover types. Each.transect

t

. : . 2
vtoLlowedia constant elevation. A sample plot 1 m~ was located at every
o

tenth meter on each transect and the percent coverage of each plant group

was estimated within that plot. The number of plots on each transect

varied from 8 to 25.
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' Grasses and legumes were the only plant groups that were consis-
tantly present on the test plots on the three cover types examined. Bear-
, ;
berry was very abundant on the subalpine ridge and burn cover types but
wits sparse on the tundra type where the equivalent "mat species" we're

Dryas, Saxifraga or Salix (presumably depending upon variations in

moisture, exposure or soil conditions). The amount of rock, gravel and

i

N

organic litter varied extensively from one cover -type to another. Ekﬁbsod
rock and gravel were most prevalent on tundra and subalpine fidge cover ’
types (excludipg the rock-gravel cover type of course). Organic litter
was a prominent{component on the burn cover type. A wide variety of dicot
. R
herbs were found on all three cover §ypes‘éxamined here. Individually,
these species constitute a minor component of the vegetation; however,
they are a more important component of the vegetative biomass when con-
sidered as a group. Shrubigpecies were present on subalpine ridée and
burns But Lotally absent on the alpine tundra.
Quantitatiye aspecté of standing crop on differént cover types

were determined by clipping all live plant tiss;e within a 50 cm X s
20 em plot, situated on known feeding locations.’ Table 5 lists the
production of the main plant groups on tundra, burn and Subalpiné ridge
co?er types. Table6 compares the -standing crop-of grasses and bear—
berfy on the subalpine ridge in May, June and Jply. The total standing
crop on these vegetation types is a reflection of the genéra} productivity
of each. Consequently, it‘is apparent that the burn is the most produc-
tive, while thé alpineliundra produces the least biomass. Bearberry was

N . . .
a major component in the standing crop on both the subalpine ridge and

burn cover types. (rasses and sedges were major components of all throo

cover types, but on the tundra they accounted for almost 50% of the
i -~



Fable 50 Standing crop production on three covir types

(grams/1000 ¢cm™).  Numbers in parent’  es = number ot

)

OO0 cm™  plots,

tundra (1) burn (3) subalpine ridpe (1)
hearberry 13.3 307
monocots .8 285 11,6
saxifraga > 25
Phyvllodocae 2.0
Drucs 6 1.6
sShepherdia | .o .
| ichen 1.5
miscellaneous 1 3.0 'J.h
total 16.5 ‘ 74,4 . 46.9




. 3 .
Standing crop vegetation on subalpine

N
R

(prams/ 1000 cm™)

[ahle b

tor the three summer

‘ridge tvpe

months.

PTASS bearberry total N
Mo ) o 28.2 8.2 9
R .
June 16.2 20.6 2007 3
Julve 12.7 37.8 55.2 4
) o
A

2

30



standing crop.

The standing crop on the subalpine ridge increased during the

summer period. Potentially there may be a greater amount of new forape

avatlable in the later part of the summer on all major toraging areas.
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RESOURCE " UISE AND HABITAT I'REFERENCES

Forage lso

The yrowth of new vegetation in spring hcgfns in carly June at low
clevations (i.e. below 4000 teet) and progresses to the highest elevations
over a period of two to three weeks.  Measurement of fecal nitrogen cont-
ent by the macro-Kjeldahl method (Assoc. ()f‘fiv.'An:lI. Cheme 1965) w\b\
conducted to indicate seasonal variation in forape quality. Percent \
nitrogen was used to estimate the percent wcrude protein as determined by
a standard factor of 6.25. Figure 5 demonstrates Lht: seasonal change in
tecal nit_ro;;cn concentration that was found in 1974 and 1975, Hebert
1973, p. 121 showed that there was little vq%iatiun in the absolute loss

of protein via the fecal route between high quality or low quality dicts

“or bighorn sheep; however, sheep did increase their feed intake on a low

qualityv diet. Conseque ¥y, Hebert was able to define the relationship

between the percent crude protein in the feces of bighorn sheep and the
percent cvrude protein in the forage by the following. equation: Y = .9400

+ 1.034 X + 4.58. The change in percent crude protein in the feces shown
infi;v,ui—u 5 mayv be associated with. changes 1in standing,.é‘rop biomass on
sub:x]pinv ridge areas during the summer' (table 6) but was almost certainly
2 reflection of 'Changes in vegetation quality énd green-up. As v.egetation‘l

38

on goat ranges cured through the summer, fecal ctude protein values also

<
Yeclined.  Assuming that fecal crude protein reflects vegetation quality,
then forage. protein content increases Eapidly in May and declines gradually
from June to the winter months.

Svasenal changes in forage use were measured by fecal fragment ident-

ification, using the method of Sparks and Malechek (1968). Tﬁe forage .



N

Figure 5. Seasonal changes in fecal crude protein content (mean,

standard efror and number of samples).
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classes used in table 7 were those most eas}ly identified by mysulf.after
limited experience with the fragment identification tcthniquc. Al though
there are numerous weaknésses in this method, the most notable ‘are those
associAted with my own inexperience and the small sample sizes in some of
the monthly groups. Anthony and Smith (1974) iﬁdicated that it was neces-
sary to use at least 15 fecal samples to obtain a valid reprgsentation
of a composite sample of fecal groups. Several of the composite samples
contained less than this number. The forb category is a broad one that
includes predominantly dicot herbs Suéh as Arnica,'Erigeron and legumes,
but also includes browse species such as Rosa, Poéulus and Betula.

Trends in seasonal variation in forage use- are ,apparent in.table 7.

The percent relative density used in this table is an estimation of per-

cent dry weight. Samples from the main study areas were combined since

there was very little difference in vegetative composition between these

areas and I did not expect méjor differences in forage selection,between

these. &here was however, d substanial difference begween the fofage

selected in Auéﬁst between the main study areas and Caw Ridge. Grasses

and sedges were more abundant in‘the“diet of goats on CaQ Ridge than on:

the other study areas. Conversely,,Elaeaggﬁceae and Salix were lesé

abundant. This may reflect Ehe greater use of alpine tundra and subélpiﬁe

zones by goats on Caw Ridge, although I have no direct evidence to suggest

that this. is so. h ‘ 4 .
Samples from the main study areas indicate that grasses were used more

frequently in the spring and fall and less frequently during ﬁhe summer.

Sedges and conifers showed a slight incredse in the November-February

samples.
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ilabitat Use

Studies of animal preferences frequently require'comparison of res-
ource use to resource availability: Petrides (1975), speaking of forage
preferences noted that Prcference indexes: could be ostablished for cach
forage item by dividing the percentage of an item removed by the percent
available. This is an appropriate calculation for items that are consumed
such as forage; however, when we consider habitat‘preferencés, nothing is
being consumed or reméved so it is necessary‘to establish another‘ﬁeasure
of preference.: I feel that it is more important to consider the use of

habitat parameters as a proportion of the observations made, rather than

in relation to an arbitrary availability factor for'each‘habit@t category.

K

All habitat types are constantly available over Eime (assumihg a static
environment during an observation period) ; therefbre, relativé spatial
availability of each habitat type is irrelevant when Eonsidering frequency
of use where preferences are associated with a habitat type being ronsia—
ered. ]

On, the. other hand, I.think‘that it is possible that some/diLLurgncps
in habitat use are associated with the availability of certain types,
fsuggeéting'that’these may be neutral habitat parameters that are used

randomly. For e*ample, aspect may not be fe}evant to habitat selection
on cloudy days and the use of different aspects may simply reflect their

association with other factors such as cover vpe or slope. Since the

‘"distribution of observations may have been influenced by the relative

availability of certain habitagé, I will briefly mention some of the diff-

erences in spatial availability of habitat types. (rassland. and alpine
‘cover types were less abundant than other cover ‘types. The amount of
surface area was greater at lower elevations than higher, and greater on

intermediate and gentle slopes than steeper ones. West-lacing. aspects.

37
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were uncommon on these areas and one could convincingly argue that distance
trom the rock—graﬁol cover type is infinitely available. Fér the>most
part, it is necessary to assuﬁe that these variables are equally available
and that differences in numbefs of observations on each habitat type ref -
lect difterences in preferences for each category with respect to a given
activity or a givenimonth. o

Major activitiés considered here were feeding, bedded and escape,
which accounted for almost all observations recorded. Observations cla-
ssified as transit (i.e..goats simply moving from'oné aréa to another) were
deleted from this analysis.  Group observations were listgd according to
the prévaiiing activity of the group at the time of the observationyj.
Feeding and bedded activity wére easily identified; however, escape acti-
vity was cﬁmp]icated by the fact that in most cages, this was an artific-
ially induced activity, occurring in response fo thé presence of the
observer. Therefore, escape activity might be éonsidered a random acti-
vity (at least in the initial stages) with respect to habitat parameters.
The final stages of escagf activity were almost alw;ys associated with
the rock—gravel~co§er type,  but sincé the objective of this activity was
to obtain fefuge from.the observer, ;he final sfage was not always obser-
ved or recorded.

Appendix III is a multivariate'aﬁalysis of the relationship between
goat actiyity~and habitat use. This includes multivariate and bivariate
statistics as well as activity percentages in each category of the haSitat
variables'tﬂat are adjusted for interaction between habitat parameters.

Almost 50% of the fotal observations (figure 6) and nursery group
observations (figure 7) occurred on the rock—-gravel cover type. Deciduous

forest and subalpine ridge types received moderate use by goats while

grassland, burn, tundra and coniferous cover types were used less freq-



Figure 6. Activity on each cover type (total obs€rvations),
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Figure 7. Ac ivity of nursery croups on each cover type.
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uentlv. Bedded activity was notably greater on rock-gravel arcas and
cither rare or not recorded on tundra and deciduous torest o vpes. Tt
logical that foraging uctivitf should be relatively intrequent on the 1ock-
pravel areas but the large number of (H»S(;rvglti(vns on that tvper increase:,
the relative foraging time on the rock-gravel tyvpe compared to S[txvr tvpes.
My impression was that most foraging activity on the rock-gravel tvpe was
ol an invid@ntal nature; however, the dictary contribution ot toraging
ncﬁivity on this type is open to speculation.

Nurserv groups diftered somewhat from the total population in their
use of cover types. There was notably less use of the deciduous caver
by nursery groups of the rock-gravel typv; Use of burn and tundra cover
types was almost exclusively by nursery groups: when combined, these
areas provide a large foraging domain for aursery groups.

Elevation is an inggrvnl scaled variable. ConSpquently, sequential
changes in the activity or numbers of observations in cach elevation . at-
. \ )
cgory must be considered.. Differences between total and nursery 2rou;)
obsérvationu may also have a sequential significance. Figures 8 and 9

N ‘
indicate that there was a strong positive correlation between feeding
activity and elevation, particularly for nursery groups.
- Comparison of the number of observations in each elevation interval

’

in figure 8 (total observations) and figure 9 (nursery groups) reveals

that there is a marked divergence between nursery groups and other seg-

ments of rhe mountain goat population. The proportion of total observa-

tions in cach interval that are. nursery groups is shown in the following

List:



Figure 8.

Actlvity‘gL/ﬁéch elevation interval (total observations) .
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Figure 9. Activity of nurscry groups at each elevation interval.
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3

clevation interval (ft.) nursery groups/total observations
35004000 0.17
4000-4500 ' | 0.40
4500~5000 ’ 0.58
5000-5500: | | 0.56
5500-6000 0.67
6000-6500 : 0.78 -
Obviously nursery groups were sceg more frequently at.higher elevations

than were the other segments of the population; however, the 4500-5000
interval was’ the modal‘elevation for both total and nursery group observ-
ations. There was very little variation in the proportion of escape ob-

servations at different elevations. The large value shown for escape

¢

activity by nursery groups at the lowest elevation interval, merely indi=
cates that one of two observations were listed as escape. This probably

does not represent the true activity of nursery groups at that elevation.

3

. i .
Activities .of goats were not entirely random with respect to slope

either. Figures 10 (total observations) and 11 (nursery groups) bicture

Ehe proportional activities in each slope category. In each case .foraging

activity was much more frequent on the most gentle slopes. Bedded activity

prevailed on other areas but there was very little change in the proportion

s
l -

of bedded“activity from 30 degrees to 75 dégree slopes. Escape activity
: \ _ _ ,

was greatest on the 60 to 75 degree slopeé.‘\This was most notable among
¢ ~

the nursery group observationszk Almost 507 of gtf observations occurred
on the 45 to 60 degree_categoryl Very little difference was noted between

- the distribution of total observations and nursery group observations

with respect to slope.

The activities of goats on each aspect should be considered in



i

Figure 10.. Activity on each slope category (total observations) .
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Figure 11. Activity of nursery groupé on each slope category.
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terms of the offect that aspect has on other factors such as incidence  of
radiant energy, vegetation type or snow uo&er. Figures 12 and 13 suggest
that radiant energy .is an important factof in the selection of foraging
sites since foraging activity was greatest on exposed aréas and success-—
ively less on south, east and north-facing aspects where radiant energy
was also reduced. West-facing aspects were uncommon on each area and
were not used by nursery groups. There was very little difference bet-

ween the distribution of total obserVations and nursery groups with

respect; ‘te ibout 487 of the totadl observations occurred on east-

'faciagkaspgi 111 proporgion of escape and bedded activity that
A I < - _

3

was recciily ¢
- T hY
R

aspoct wi&huhlgv_;]evatioh ghvel_areas. Other aspects did not vary sub-

stantially with respect to bedded and escape activity.

The rci.tionship that was found to exist between the proportion of
~

s,
——

foraging activity of goats and the’distance to the rock—éravel cover

type is one of the most notable features of habitat selection by mountain
goats. The reldtionship shown in figure 14 for total observations is

not as pronouncéd as that shown for nuUrsery groups (figure 15).
Associated with the positive relationship with foraging was a negative
relationship between bedded activity and “the dgstgnce to the rock-gravel
cover type. - About 95% of all observations occurred within 490 meters of
the rock~éravel cover type. There was no substantial differenée between
‘total observations and nursery group distribution with respect to the
distance to the rock-gravel cover tvpe. Eécapg activity was fairly )

uniform on all distance categories except that it was slightly greater

on the rock-gravel areas.



¢
Figure 12. Activity on each aspect (total observations).
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Figure 13. Activity of nursery groups on each aspect.
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Figure

l4.

Activicy at different diSLanccs to rock-gravel
(total observations).

N R A%y

cover tvpe
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Figure 15.
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Goat pbservaﬁions were divided int& monthly intervals. Observations
from ali Stﬁdy areas and twoyyears werg combined to provide adeqﬁate
sample sizes. Since observations were only recorded during the summer
and fall periods, this examination does not ex;end to the complete
annual cycle of habitat use by goats. Monthly intervals were choseﬁ for

p
convenience although they may not be the most significant intervals to
represent seasonal differences in habitat use. The assumption is made
in this scction that variations in habitat preferences from month to
munth'cén be interpreted as reflecting changes in the biologiqal.ﬁeeds
of mountaiﬁ goats that are associated with seasonal events such as
parturition,”growth and development of kidé, the rut and changes in
forage quality and availabil¥ty: --Comparison of habitat usé by nursery
groups and billies>in this section provides a greater insight into their

.respective resource strategies. Variation in numbers of observations

— }
from one month to the next, reflects differences in field effort rather

~
—

than a biologically significant factor.
, o : :

A multivariate analysis of thqi?%ssonal response of goats with
respect to habitat use is preéented *n appendix IV. This includes
multivariate statistics, bivariate statistics and coefficients of

{ .
preference that represent the relative preference for each category

3

® - . .
of the habitat variables, adjusted for interaction between variables,

'

during each month.

The most significah; seascnal changes in habitat use were .
associated with cover type, elevation and distance to the rock-gravel
“éover type. Seasonal trends in the usé of Aifferent covér types of

nursery groups were quite appagrent (figuré 16). Nursery groups

RN

62



Figure 16. Seasonal distribution of nursery groups on each cover type.
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showed a consistent decrease in the proportion of use on rock-gravel
areas from spring to fall. Tundra type was used by nursery groups

only in August and the fall period, and burn‘arcas were used only

in June, July and August. The subalpine ridge areas werec used
consisteﬁt]y throughout the year. Billies on the other hand (figure

17) showed much less seasonal variation in habitat use. The rock-gravel
cover type was also)a major habitat déed by billies, but variation

in the use of this type was used more frequently by billies than by
nursery groups while the subalpine ridge was‘used less ffequeﬁtly.'
There was a marked shift by nursery groups to areas above 5000 féef
from spring to fall (figure 18).. The highest elevation category was
used only by nursery groups in July and August. As indicated in an
earlier section the majority of nursery group observations at higher
elevations wefe associated with foraging acﬁiQity. Biilies showed a
similar shift to higher elevAtions over the sumﬁer months ( "oure

19) ; however, the habitat used by billies was mostly at lower elevations
than that used By nursery groups. The difference in elevation§kused by

nursery groups and non-nursery groups was demonstrated in an earlier

section. No use of the highest elevation category by billies was recorded.

The lowest elevation category was used much more by billies than by nurs-

ery groupé. ) . W
Nursery groups also showed a marked shift in hgbitat use during

the summer with respect to distance to the rock-gravel cover type.

The proportion of obse;vations bgyoﬁd 206 meters from the rock-gravel

cover type’increased up to August (figure 20). The'most distant cate-

gory (<583-meter$) wds used most frequently in August. Thesévareas were

not used in May or the Oetober-November period. Changes that occurred

[



Figure 17. Seasonal distribution of billies on each cover type.
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Figure 18. Seasonal distribution of nursery groups at each elevation
e interval. .
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Figure 19. Seasonal distribution of billies at each

&)
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elevation interval.
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Seasondl distribution of nursery groups at dlfferent distances
from rock- gravel cover type.
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v

in the seasonal habitat use by billies were irregular (figuwve 21). All

observations beyond 206 meters were cambined in figure 21 to provide

- * . {4«.}
. . , . K . oA
adequate sample sizes. The decline in use of the rock-gravel cover type

was not con: .stent throughout the summer. The greatest use of arecas

beyond 200 meters by billies occurred in Au;;\ilyst.
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Figure 2}. Seasonal distribution of billies:at different distances
- from the rock-gravel cover type.
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STRATEGY OF RESOURCE USE

r " 2 . . -
The term "strategy of resorce use" is used here as a synonym for .

ecolbgical niche; however i+ former is preferred in the present context
because it emphasizes - acti - selection of environmental factors by
goats. The idea of a ¢ ra. | is helpful since it implies a flexible,

complex niche in the sense. of the multidimensional hypervolume discussed

by Hutchinson (1975). 'This is particularly relevant in a variable and
. ~oe ! - :

discontinuous habitat :suchwas that ‘ocdupied By mountain goats. The resource
components of the niche Have.physical, biological. and temporal dimensions.

g i ) v B . .
4 It 4s apparent from the previous section that’theghabitat use

o
R e )

and resource strategy of mountain goats is'divergentbbetween‘differenip )
. s ’ 5 . S ' ] ’

cohorts of the population. The most consistent ‘picture of” resource
igﬁﬁ S o N o -
u¥e was that bymnuf5é¥y”gioupsfand”it is those groups that I will be
) . o ‘*’ N ._:_x$: . o
R ) . ] s . B ‘," . o . . o R .
concerned with in most-of ;hisudiscdssgon.w In figure' 22 a simplified; model
N . . v o . ) » -

use by mountain goat’ nursery groups is outlined.

of the strategy of'resourég

.This represehts my interprétation of the relationships of habitat use that
were observed and recorded ihthis study. This model is based upon the

.dichotqmy betwe?n>tbe need for security and that ﬁqr,fofage‘gs*factors

IR £

‘determining habitat use. It might be afgued that this dichét0m§ must be

balancéd against the existing level of predation. Although several terres-
. ' pd -
trial predators were present, no interaction with mountain goats were ob-

served. f(olden eagles were abundant and occasionally made threatening

stoops at nursery groups., I would suggest that the }}quiremeg; for security

is reinforced by low levels of predation by terrestrial carnivores and

that the refuge stratégy of nursery groups is less effective agiinst avian®

'

predators as large as eagles.



£

Figure 22. Factors influencing habitat preferences of mountain poat
’ nursery groups.

"
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‘goal) is a nutritibnal one.

80

Previous investigations of mountain goats have dealt primarily

with descriptions of the:natural history ##l social behaviour of this

]

N .'
sspreies (e.g. Anders... 1940, Brandborg 135%, Casebeer et al. 1950,

%

“ DeBock 1970, Holroyd 1967 and Kerr 1965)? The recent "boom" in

studies of habitat preference of various ungulate species has been in

response to the recognition of the need for detailed information about
the ecological preferences of each species. It is important to consider

habitat characteristics that are directly selected by the animals under

1

study, or at least factors that are closely associated with factors that ﬂ\
R

may be selected. Forage composition and forage'availabi]ity have frequ-

ently been considered as the most critical factors in habitat selection but

this may not necessarily be true. Several authors (e.g. Chadwick 1973,

and Geist 1971) have commented on the wide range of forage species used
by mountain goats and thus vegetation types and forage preferences may

) : |

: . S . -
not be a true reflection oﬁgﬂ‘ itat re ements. In the present study I 0
A TN )
S Y i ’_ﬁ,» b ,’i’,‘

1 N .
have chosen five environmeﬂtﬁi}Yﬁﬁiables that may be relevant to the
- o U s R i .

resource strategy of mountain goats in these areas.

~
o
1

Activity

Based on the assumption that different activities of mountain goats e

sa%iify different biological-goals7suchyqf‘§gc&r§§y and nutrition, it i§
Y% o : ' i
of interest to cqnsider the extent to which the habitat use associated

5
. ~

- . . . . » ] v g
with each-activ}ty overlaps that of other activities.  Only in thisﬁday-

N . .
can we infer anything about -habitat requirements without empirical testing.

The obvidu,:goal @af feeding activity (although not necessarily the only
) N ' : ‘ o m 5 '
2 - : : oy, b

Bedding and escape_ activity were assumed t%}

demonstrate elemeq;é of the need for security; Bedding was a sedentary

~

v
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activity associated with onlv one location at a time. Escape activity
“
-

LT Lt c . e . - .
p yasidifticult to classify and consisted of two -phases. The first phase
g -
. P . P . . .
is*Me actual escape or fleeing activity to avoid a threatening stimulus.

a

The second, a refuge phase, was achieved only when the goats reached
‘secure terrain. The fact that the refuge phase is associated with a
particular terrain is unique among North American ungulates to mountain

sheep and goats. Phase one escape was mainly independent of habitat types

o . . : .
since it occurred in response. to human presence. Both phases of escape

activity have been combined in this analysis since they were not differen-

\

‘tiated in the field.

Cover type.. Saunders (1955) glassifiedvfeeding Qgservations of mountain
goats by habitat type ahd‘fdund that the seéuengg of preferences ih de-
creasing order was: grassy slide-rack, ridgé f;ép, alpine meadowé, timber

..

and cliffs. It is interesting to compare Saunders' statemeii that cliffs

= - ""3ﬁ“f v 4 o : ‘.
" were seldom used*for foraging® to the observatﬁon}?ﬁb;hq Preggut study that
’ ) ' ’ R BT L AL I :
' ' BRFAR A A 1

foraging on cliff areas occurred regularly. SR e

4

In terms of the habitat .selection model used in this section it is

o

possible #o applylsubjective refuge and forage.factors to each of the

cover types considered. The rock-gravel cover type received the greatest

o

use. Activities on rock=gravel imply that reﬂége is thetﬁrimary-goal of
A} ' ’ .
goats using this'type.ijFoLaging did occur but only as’'a small proportion

N w7 - N
of the use. Forage obtained on rock—graveigzieas in this investigation ¢

R SN A . .
may be an important contribution to“the nutrient intake, ‘in spite of the

’ o £

observations of Saunders. -Subalpine ridge habitats were also preferréd .
areas. F&raging was the prevalent activity, while beddiﬁg and escape were

intermediate on this type. - The close proximity of this Eypeﬂto the rock-

wly

gravel areas enhance the refuge factor of most areas classified as T g

N

subalpine ridge. Consequently, I feel that réfuge and foraging are equally e

- .
’



: - "

‘ z

attainable goals on this highfy»preferred cove. ivpe. Burn and leine
tundra are foraging areas that were were used infrequently. The large:
volume of foragecon the burn habitats and the high quality of forage on
the alpine tundra are major attractions of these types, but I feel that
they were less secure due to the open, gentle slope characteristic of
these areas. Declduous forest was used less by nursery éroups than by

others. The high proportidn of bedding activity on this type implied a

¢
9%

high refuge value of dec1duous cover for non-nursery group goats. Conifer-—
ous forest was not a major cover type for goat observations. 1 cannot
explain wﬁy foraging activity is so prevalent on this type since most of

these areas have very little- suitable forage.

¢

Elevation. To the best of my knowledge the relatlonshlp between act1v1ty

of nursery groups and elevation shown in fhls study (figure 9) has not been
prevrously discussed in the literature; Qywever, it is unlikelyﬂtbat ele-

vatipn is afactor that is directly related to activities of goats or their
habltat selectlon. It may bevthat the increase’ in foragfh by goats at

higher elevations is an artifact of the topography.' This éelhticnsh}p may"

not occurr on rugged peaked mountalns as opposed to the rounded ones in the
. a, ‘,1 : -
Grande Cache area. This is an example of the potential local differences -

»

that may exist bet&een the habitat selectien of different populations.

The presence og tundra'andlalpinelmeadews at tﬁe highest ele&ations Mmay.
eause an inverse/%elationship'bethen elevation and refuge porentidlg‘and. .
a direet relar{onship‘with forage quality.

. . [ L =
Johnston et al. (1968) showed that the palatability of foragé was

greater at higher elevations, thus the availabi%ity of'higher.quality forage
may be a factor that directlyféheourages foraging (in»spite of. the lesser

jstanding:crop on the tundra cover type, table 5). Except for the lowest

i of \ o

$

' - K
: > w
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clevation category (where there were only 2 observations of nursery. groups)
the greatest proportion of escape observations were in the 5000-5500 foot
interval. This dnterval .is where the most suitable rtefuge terrain was

situated.

- Slope. Although only about 6% of nursery group observations occurred on

slopes of less than 300, more than 907 of these were foraging observations.
Only' on dlopes of 30° or less was activity notably different from other
slope categeries. Foraging activity predominated on the more gentle slopes

and escape activity was ‘m* prevalent on the steepest slopes. Slope may

. e , . ' .
be an Imgortant factor to goats .with respect to habitat security. The

steepest slopes are frequently used as refuge sites that goats will flee

to when disturbed. NurSery”groups seem to'forsake fhg security of steeper

R : » s :
slopes (more than 300) only for occasional‘foragiﬁg_excursions.
Aspect. This is agoﬁher‘habitat variable that is probably not directly

s cted by goats, but is associated with other factors that-are more

3y : . .
“.directly selected, such as local temperature, wind ..pced, snow cover or
PO s - ’

b

vegetatfg%,_alf of whiéh‘an%ybrobably directly determined by the amount
. - : K . ) :

of incident radiatiéﬁ received on each aspegt. The exposed habitats at

«

A EE N . )
South, east and morth exposures receive proportionately decreasing foraging ww
] - '
activity by nursegy groups (figure 13). Bedding activity was low on exposed
- . N I . ’
areas possibly due to the association of these areas with high elevation

high elevation, Bossibly‘receive the greétest.amount of radiant energy. i

~

R

"low security" habitats. Bedding and escape activity were rough}y"équal
on north, south and éast aspects.

Distance to the rock-gravel cover type. Numerous authors have stressed

" the dependence of mountain sheep and goats on "escape terrain¥; however, \&

‘seldom has it been noted in the literature that the critical foraging

L 4

areas -are adjacent to such habitat and that‘as_the distance to escape



terrain increases, the ﬁrobability that“any(group of goats is foraging
also increases (figure 15). As indicated earlier, 95% of all nursery
sroup observations occurred within appro*imately 400 meters of the rock-
)

gravel cover type. This fundamental concept of mountain goat habitat’
sclection may be the single; mo..( important factor, lTimiting both distri-"
bution and population size of goat herds. 1f this concept can pe applied
to all or most goat populatiﬁns, then the absoluté amount of forage aQail—

able to any herd is a function of the distance that they will travel from

84

core areas of high security. Murie (1944, p. 142)noted that in the presence

of heavy wolf predation,'Dall sheep range was restricted to the rugged

qjiff aread, a&@%}hat in the absence of wolves, the sheep range expanded
- EE : :

onto much le S secure hablgat Altﬁoqgh predation was not, a visible factor

! s

u.uw ) -
on habitat selection by goats in the present study, it s poss;ble that

: L P X
« similar situation is-in effect for goats. The total area used.by’ goats

or the frequency of foraging excursion:, might be?reduced by the presence

of hea&ﬁjpredation or regular interference;by human activity at, some ﬁimef

< 1

o -

in the future. . o ’ : 0

Chadw1ck (’973) noted that over 95/ of the bedded goats that he obs—

erved were on cliff areas. (LJlS complements my own observatlons thdL

bedding was thHe most common aCtivity on rock-gravel areas and ﬁhat bedding

S T

activity decreased proportionately as the distance to rock-gravel cover

““\\ ” R

increased.

Month -~ ’ . o .

: One objective of this study has been to determine.hbw habitat -
- ’ i TN -

selection by goats varies during an annual cycle. Because this investiga~ .

tion was conducted primarily during the summer, tqg'emphasis in thigsec-
. o .,
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DRy CH DIVISTON WITHIN THE POPUIATION
<o
it teronc . ose of rescources ameong sesments ot the same popula-
tion has bees L corthed tor 4 number ot species.  Morse (1968) discussed

spatial particooniag of habitat between sexes of several species of

dpruce-wood warbl o0 He maintained rhat habitat partitioning
t b . ® . . . 3 .
ollers a4 pot meohoa by which a species might maximize its
aumbers inoa density ey t sit ation.” This statement may be
rephrased - tollows:  Partitioning of habitat between sexes mav allow
1

Pomore el ticient CoﬂﬁllmbLi%] ot avarlable rescurces.  On the basis
1 observations in this studv and others, it is possible that
ecourcg partitioning between nurserv groups and non-nursery animals
aoours ‘Inrin.;; at least part of the annual cvele of foraging and
habitat use das a mg_)thod to reduce intraspecific competition. In an
carlice section on resource use and habitat preferences, I demonstrated
that the {requency  of nursery group observations as opposed to non-
nursery animals was dependent upon elevation during the summer months.
This was bv far the most notable separation of habitat use found in
the present study.

There was apparently also - a separation during the early summer

months when pregnant females and nursery groups werce using the steepest
4 - 8

rock-gravel areas which adult billies and non-pregnant femiales seldom
used. A similar situation was described by Crovk (1970) in Gelada
Ev(';b()ons (Theropithecus gelada) of Ethiopia. VHe found that thes‘e baboons
live near canyon;‘, and sleep on the gorge cliffs where they are safe
from predators (chiefl- ¥agles anci other baboons). During the dry

season, when food shortages may become critical, all male groups tend

88
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te disperse away from canvons te a much preater extent than the harems.

Crook suwgests that this reduces competition for food between the two

)

ssroups and results in a difterential mortality that was less for members
ot the harems.
Numcrous authors have noted that n»paratu'ureﬁx are occupiced by o)
the adult male cohort of mountgin goats during most ot the vear (e.g.
. ‘ .
Chadwick 1973, Geis; 1971, Hibbs et al. 1969 and *err 1965); however,
Hrdndbnrg tlQSS) noted that th%sAisolntimn of billies is not absolute.
Nuring the summer months, | ob;;erved that afult billics were occasion-
allv tound with nursery groups, particularly in the late part of August.
[ feel that habitat partitioning may be appropriate as a resource
strategv in a scasonally variagle environment with a « rerse array of
resources that are abundant and of high'qua]ity for only a short period
and where interspecific cohpetition is absent or slight. Although
phvsical dimorphism between sexes might be associated with resource
partitioning, Morse (1968) Sugges;ed that'this would be suppressed
in or&er to retain the ver§atility necessary to respond to fluctuations
in resource availability or té conditions on common wintéf)ranges.
Sexual dimorphism Gf mountain goats is apparently limiged.to body size
and horm structure. 1t is also pdssible that habitat bartitioning
in mountain goats is not related to a resource strategy but rather ;s
more lesuly dependent onn the social bioluogy of this spocies (i.e.

means of reducing

resource partitioning may .b¢ mcre important as a

social stresses than reducing resource competition).



COMIARTSON OF RESOURCE STRATECY WITH OTHFR UNGUIATES
A}

The resource strategy of mountain ;;yoats is closely related to the
habitat and topographic features of the ranges that thev occupv. No
other North American ungulate relies upon steep ﬁountainouq terrain
to the extent that'moudtain goats do. The resource stategy of mountain
poats is intluenced by gheir requirement tGr that Lerrain in association
with foraging ranges. This presents spovial problems that differentiate
poats -from other Norfh American ungulate species including mountain
sheep. Mountdih goats may spend their life span within a small area
o ' i ) 2 Iv
(perhaps no larger than the present study areas, 25 km ) seldom moving

) . . : i
hcyonq their home range and seldom violating an annual cycle of habitat
swchtion and resource uso.dcscribed bv clevniinn, flstance to rﬁck—
gravel terrain and the availability of forage. 1If the data related to
scasonal changes in fecal crude pfotein content reflect a normal situ-
ation in mduntaiﬁ goats, then it must be critical for goats to obtain
new gprowth forage with a High protein content duringlMay”in order to
restore a depleted nutritional Stétus. I suggest that Ehis is a major
factor, as ES their critiacal need for refuge terrain, that enforces‘a
sodcntary‘life;style in this species. Sedentanry behavioudr enhances
reliable foraging patterns on an annual basié and familiarify with
refuge areas. Factors sucb{ps group instability, range deterioration
or harassment‘may account for examples of extensive-movements by goats;
however, there are also certain situaFions in‘which mountain goats. use -

larger home ranges. In the%g\cases, there are probably much more ext-

ensive habitats available than was the case in the presenf study.

80



Estes (1974) discussed the change in social structure associated
v ) I

with the radiation of African bovids from torest to savanna habitats.

S

The development of a gregerious social system is argued (o be prerequisite

to the development of a resource strategy associaled with open

spaces.  Inm North America, ungulates occupy three generalized ecosvstems:

torest, plains and mountains. They usually display resource, strategics
and social systems developed for ~ach of these ccosystems.  Comparing

North American ungulates Klein (1970) noted that mountain sheep occupy

a relatively stable community and appear to have behavioural mechanisms

to stabilize population fluctuations, while cervids that are found in more
transitory habitat such as ecotone communities and seral stages or second
growth communities, are often subject tarmore severe populiAtion {luctuat-

fons. - Although Klein appears to have over-looked many cxamples of severe
population fluctuations in bighorn sheep in North Amerjca, stable populat-

9
ions may be characteristic of mountain goats, which to my knowledge have

not experienced major fluctuations in any areas. , Chadwick (1973), speak-
ing of mountain goats, felt that ”increased'aggressive Interaction and

instability of large groups might act to limit population-growth and
help to disperse herds onto different ranges."

Table 8 compares some of the contrasing features of mountain bovids

. o

in North America. The response of Dall sheep of expanding their home
ranges in the absence of predation (noted earlier in reference to Murie

1944) reflects a more opportunistic behaviour than that of goats. The
—~ = ) X
use of several widely dispersed home ranges during different seasons by

mountain sheep alsc demonstrates a greater degree of opportunism than is
, v ) -®
common to mountain goats. On the other hard mountain goats may be consid-

ered to have an obligate resource strategy since they are more dependent

~

on familiarity with refuge areas and maintain a more restricted home range

. PR

v
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N . . \\ . .
Fable HBo o Contrasting teatures of North American moun: in sulites;

cdreamos and O

adult rams commonly in bachelor

adult billies solitary or
i herds; form a dominance hicrarchy

i pairs; relatively
Jnecompatable with nursery
proups; psuedo-subordinate
status (Chadwick 1973)

o
sexual dimorphism reduced sexual dimorphism pronounced
usually sedentary migratorv; at least two scasonal
home ranges (Geist 1971)
. ~ .
oblipgate resource strategy opportunistic resource stratepy



than do most sheep. Chamois (Rupicapra rupicapra) and ibex (Capra rbhey)
in the Swiss Alps ha ceen reported (Kramer 1969) to have a very sedent
arv lite style, sugpesting siv farvities with mountain goats in repavd to

their resource strategies.

.

It would be of interest o an academic sense to comparve the resource

use and social syvstems of North Americ i mountain bovids 0 a wider ranye
te:  the principles mentioned in

of Asian and European mountain bovids, 1o

this scction. Unfortunately, T have been unabie to tind reterences that

desceribe the habitat oriented behaviour of sy ies such as Himalavan thar
(Hemitraqus jemlahicus), goral (Naem rhodus sp.) and serow (o oricornis spl)
that are also adapted to mountainous envirvonments. Obs  vations ot these

species might Timit the generality of observations in this studv.



NI HPMAN AC U PT RS ON D THT RESOURCE ST Y TECY HUOMOUN ALY L

oo AThea ta, mountain voats have madintained o temole o iatence

o consegquent v have not heen subicoted 1o excessive habitat i

o haracooam nt . However . weveral popobations mav now o (hreacned
i .

oo varlety o human adt v fes el becoming more ad more

. -~ \
commen inoremole areas. S Foremosg :nn(»n.\.\r,

seoare o exploration ror, and
s 0 !
catraction of non-renewdable resoyrces. b tecel however, that with
RS W
suttable ranpe management and constrvative land o policdes, corioas
harn to o poat populations can he oavoided. n some situatiors, it mav

be apprepriate to restore goat populations atter reclwation of
disturbed areas that previously supported soats.  Consequently, itois
fmportant to have a detailed concept of goat habitat preterences. In
this section, I have speculated on the ottfect of various human

detivities on the resource use by mountain poats, particutarlv with

Vespect te the factors that Tohave discussed in cevious sections.
oy
Decseioprent o Non-renowablo Resourceos

Deposits of coal reserves in the Fast Slopes region of Alberta
are closely associated with weveral goat ranges.  The decision about
dvvolbpmvnt i these reserves will have a profound impact on Alberta's
ceonomic situation snd.thcroforo wé should anticipate that development
will occur in spite of the impact this mav have on poat populations.-
There are three phases of resource development that must Bc considered
with respect to the effect on the resource strategyv and ultimate

po; - ation status of mountain goats. These are exploration, extracti

and reciamation. The latter will be discussed under the following
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coneinge tes porars abandonment b trad it ionad Panye. AR I SR GVRONY
coreduc s ion T Kid o Opooroan 1 e D WMot ey Vg oon Sl
Vendl o ol el les of conecut CoVears mav beoenpoected, e orat e

choesploration activities wo o ld vy with the notore and celont o

ot borties Cavelve s Road conetract ion and vehie]e trattic adiacent to
antto s wonbd have aosubstantial impact. Blaat INPESEEN RN Lloratt
debavity may also e consoquential i Prodotged.  Extensive gotivi o fon
hrec o more msecutive dave mav have o short tern Deyat ive dipact

Juring Clavoand dune, exploration acrivities on oor ddijacent to rotue
dareas where kids are born would have the most severe impact.  Arter

e coploration activities mav result in temporary abandonment ot

optimum toraging ranges but would have little fmpact on hervds that have

/
/

ceess tooaltr snate toraging areas.

Since development activities mav be expected to endur tor much
Fonsier periods of time “hanyexploration, thev will have o Tony tern
impact on envivonmental conditions and there s verv o little that can be
done te reconcile this impact until extonsive reclamation has been
completed. When resource development overlaps seat range, the impact

A core retuge

-y

o the resident herd may be severe, particularly i
are: ; urbed. Development on peripheral foraging areas may
cause ot to secondary oraging areas if these esist or may
result in o more intensive use of the remaining undisturbed areas.
Development adjacent to or thin visusi range f goat habitat mav

have no direct impact: however, in “he long run, subtle factors

associated with extraction mav be severc. T koo of 1o comnrehonsioe
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A

Vit ta there are approxtmitely 1000 to 1000 mountain asoat:s
Sttt onal parks spanning g distance of oabout w80 km fron
TS I oot wouath te aw Hrdye o the northe Approximately
AR EY Cothese are located an the Willomore=trande Cacihe area.
. . ) ‘ .. e . . . . .
e enen: o mountain coats by the Fishoand Wildbite Division
pooeeen o sl o recognizing and halting the rapid decTTie
S .
(U owa e coourting onspart feular ranges due to o overharvesting in
(et Wit o casy access,  The new priority tor mountain goat management
, . :
Sonld he o ensure that adequate habitat is retained and o provide
v ins o areoarent s oat legistative lTevels that protection ot pgoat
Fanyes should take priority over development of non-renewable resources.,
he Knv.runmvn&fl Conser~-ation Authori:-w (E.C.A.) has indicated that
cartace mining for coal s in contflict with every other land use in

Qe East 2lopes (1974,p.92). Thev have also made a number of rccommvgdn[iong

veparding

Tand uses In the East Slopes based upon input trom public

Gcarings beld across the Province. The highest priorities in these
=

ceommendat ioos were wildlite, the maintenance of wilderness areas

rorecroar fonal nees and sustained use of renewable resources in
"
7

cenercal, The FoCLAL alsoe recemmended (p.120) "that the Eastern
slopes be zoned for land use and resource development,.. and that
. . . . . . - . . . "
ANd ase prlerities he vriltodinte the zoning svsten,

The management policy of the Alberta Fish and Wildlite Division
sacnld in Tude o mechanism to provide reliable information about

meuntiain cost habitat use upon which zoning and development restrictions

G Sased. This o alreacs exists oo darge extent since the



Ctormation required varies only o slightly from that ruquiruJ to
“anage populations tor hunting.  The ditterence is that the emphasis
Jroutd be oon o habitat use rather than population fluctuations. Based
apon Sindings in this studv, it should be possible to detine w ith
Crealcr certainty the Timitations ol mountain goat ranges and to
pecity how a particular group ot goats will rcspoﬁd to disturbance
doall or o portion of their preferred range,

A number nk specitic pru]cvps could be conducted to assist in
(e land soning process and preparation of a set ot reclamat ion
cvcommendations.  The present study is limited by the fuvL\LhnL
habitat use was examined in two areas of similar (wun(ii§i<nls. It
Could be that extrapolation of conclusions trom this study to other
areas is not valid.  For this reason, there would be value in follow
ap the present study with a similar one in a different area in order
to obtain comparative data on habitat use .o a varicty ot situations.

One major project that would be of great value with respect to
ameliorative procedurés would be anlinvustigntion of reclamation
Letivities in a varietvy of habirats. L fecl that it would be extremelv
helpial i€ the Fish and Wildbife Division could prepare a 1i§£ of
rocommendations for reclamation of wildlife ranges fubjepc to
disturhance by resource development. Topics to consider would
include lnndSCaping;'rovcgctétinn, fertilizing and restocking native
wildlife species. With particular veference to reclamation ol goat
ranpes there is much to be determined. It is very possible that
aroper landscaping after surrace mining may greatly improve an area
for mountain goats by expanding rcfuge.nreas. This may in fact be a

very inexpensive form of reclamation since little or no revegetation

[0



is necessarv. However, it would be necessary to establish the proper
contormation of such areas with respect to slope, structure and

stability for optimum refuge for goats.
§

\

The problem or cestocking mountain goats has already been tested
bv the Albovia bash and Wildlife Division at Shundn Mountain npdr
Nordepp.  Experience gained "from this initial project may be of consid-
erable value for the future restocking of reclaimed habitats.  Although

¢

shunda Mountain previously supported mountain goats and was still
believed to be suitable hébitat, (Quaedvlieg ot al. 1973) the gnntﬁ

% .
transplanted to that site have been slow to reproduce. Future projects
might include maintaining a captive or enclosed herd that is artific-
itally mnihtained specifically foruthe purpuse of restocking depleted
areas.  Improvement of methods for capture, handling and ﬁutritionnl
information wil} also be of value in this area.

Reclamation information is only of vﬁluo in the event that devel-
opment activities are permitted on goat ranges. The fact thaﬁ recl-
amation procedur-: are largely untested on most habitats occupied by
poats leaves much room for experimentation. ‘

Successful management of mountain goats in recent vears has been
due to repular monitoring of populations and their distribution within
the hunted zones and the fact that the hunting season is closely regu-—
tated through mandatory registration of all hunters at fiéld check
stations. There is no reason why this system should be discontinued
\»gs long as populations are maintained at theifmbfésently high level

within the Willmore Wilderness Area and intensive monitoring is con-

tinued.
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Appendix A. Lungworm Intfection
The information presented in table Al was obtained by T. Cooley,
(Cooley, T.M. 1976. Lungworms in Mountain Goats. MSc. thesis, Colorado
State University, Fort Collins.) from fecal Samplcs collected by myvselt.

-

Although thé incidence of lungworm infection was very high, the larval

Cooley found two species of lungworms; these

output was usually low. .
*

were Protostrongylus stilesi and ¥#. rushi.
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Table Al. " Summary of Protostrongulns larvae in fecal

numbers of samples

mean larvae/gram

percent infected

*

This becomes 0.66 when

Hamel ]l Coat Cliffs
100 76

2.13 3.60

72 78

two kid samples are omitted

samples,

Grande

o

Caw Ridge
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Appendix B. FESCAPE

ESCAPE is a program written for a fortran ¢ compiler to search
for the closest point of rock-gravel cover for each location on the
studv arca grid and to calculate the straight line distance between
those points. The input for the program is a mqtrix of cover twvpe
codes that inc]udesia code for rock-gravel (in this case it is 7).
The output is a matrix (escape) of equal dimensions that reveals the shortest
“distance of each grid location to rock-gravel cover. Those locations
that are classified as rock-gravel are also listed as 0 distance to
rock-gravel in the output matrix.
Modification of the program is required to specify matrix
size, codes for rock-gravel and the distance between grid points.
Matrix dimensions are specified in statements S (columns = S) and
6 (rows =K). The rock gravel code is specified in the conditional
statement 12 as the value of the logical fuﬁction.” The distance
between grid points is used in statements 22 and 23 (in this case
it is 206 meters).
The statement function HYPOT is used to compute the str#ight
line distance between two points. The input required for this function
are -two v3lues A and B that are equal to the short sides of a right angle
triangie éetween these two points.
The matrix of cover type codes is read in and calle% ARFA with
dimensions (L,M). SEARCH is another matrix that includes the coordinates
of the points in AREA.that are coded for rock-gravel. T is a counter used

to determine the number of coded locations in search.

T
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[ERAR}

The smallest value ot HYDPOT (A,B) tor cach ot the locations

specitied in SF.AR?WT\H“/Q::.«:M"l)m] to LEAST, and subsequently to

ESCAPE (1.,M) for each location in FSCAPE,

L]
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fable €20 Bivariate relationship bhetween each habitat parameter and

mountain goat activities, using generalized cta-square (MNA) .

descriptors® cover elevation slope aspect distance
(S DR : 0.081%7 0.0988 0. 0RO 0.09548

COES AN 0.1272 0.1309 0.1030 0.1216

RS AD 0.1103 0.1670 0. O8R4 0. 1.289 (.nae]

TES AD(N) 0.0535 0.1631 0.0995 0.0915 0.050%

s A D 0.0988 0.0605 0.0948 0. 05%4

ESaD (N _ 0. 1309 0.1030 0.1216 0.1260.

0 cover, E oelavation, S slope, A aspect, D distance to rnvk—ﬁnwvl,

N tests including nurserv groups onlv.



Figure Cl. Activity on each cover type (total observations)
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Figure C2. Activity of nursery groups on each cover type.
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Figure C3.

N

r

Activity at each elevation interval (total observations).

Adjusted percent (a) derived from all habitat parameters
except distance to rock-gravel; ac "ed percent (b) de-
rived from all habitat parameters . cover type.
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Figure C4.

Activity of nursery groups at each elevation interval.
Adjusted percent (a) derived from all habitat parametcrs
except distance to rock-gravel; adjusted percent (b) de-
rived from all habitat parameters except cover type.
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Figure €5, Activity on each slope interval (total obscrvations).
Adjusted percent (a) derived from alk habitat parameters
except distance to rock-gravel; adjusted percent (b)
derived from all habitat parameters cxcept cover tvpe.
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Figure C7.

Activity on each aspect (total observations). Adjlus'ted
percent (a) derived from all habitat parameters except
distance to rock-gravel; adjusted percent (b) derived
from all habitat parameters except cover type.
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¢ CB. Activity of nursery groups on each aspect. Adjusted

percent (a) derived from all habitat parameters except
distance to rock-gravel; adjusted percent (b) derived
from all habitat parameters except cover tvpe.
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Figure C9. Activity at different distances to rock-gravel (total
observations).
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Figufe Cl0. Activity of nursery groups at different distances to rock-

gravel.
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Appendix D. Habitat Use versus Month

MNA was also used to compare habitat usc during each month

2

- S w2 e
of observations. The gencralized R® and category specitfic R7 values

-
/

(table D1) were 1low. /This may indicate that the monthly intervals do

;
not approximate biolggically distinct phases of habita: use. The month

v

of August had the h!ghest vaiues of R2 reflecting the association of
nursery groups at tg@s time with high elevation foraging areas. Genera-
lized eta-square values are listed in table DI. The‘association betchn
month and habitat use by nursery groups was. greatest for elevation.

The adjusted percents used to demons;rate the association between
each habitatvvariable and goat activity did not pro?ide the same infor-
m#tion for month. However, MNA also provides a series of coefficients
that aescribe "the effects of membership in the particular category of
the dependent variable . . . the coefficients take into account any rel-
ationship that may be present beﬁween the Qarious independent variables
and between each independent variable. and the dependent variable."
(Andrews and Messenger 1973, see Appendix C for complete reference).

Lafge coefficients indicate a greater or lesser preference (depending
on the sign) in that cell than the mean of total cases. Consequently,
an nppropriﬁte term for this Statistic (a( least in the sense that it is
used here) is "coefficient of preference." The coefficients derived

{rom MNA are included in. tables D3 to DI10.
Since elevation was most closely associated with monthly distribut-
ion of nursery groups I will briefly discuss the coefficients derived

in table D6 for that variable. The positive coefficients in this ‘table

clearly support the observation tha. ursery groups select higher eleva-

136



tions in the late summer.

while in August,

In June the lowest elevations are favoured;

areas between 6000 and 6500 feet are most preferred.
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Tabl
dese
¢k
[QENT
¢t
¢t
DR
DI
* ¢

o D). Bivariate relationship hetween Che mse of ohoet the habato
parame. s and month, using the poneral i U nguare. ‘)_

&

riptors® cover elevation e anpest Jistance

SOA 0. 0424 0. 0401 0.07190 0L 0486

S A (Ny) 0.0717 0. 0941 0.0476 OL0A 37

S AD 0.02049 0.0720 0. 0363 0. 0449 0,008y

S AD(N) 0.0367 1035 0. 05098 0.0278 0.5 38

AD 0. 0401 0.0196 (. O S6 ISRV,

AD (N 0.094] 0.0470 0.0437 004y

cover, B oelevation, S slope, A aspect, D distance to rock-pravel .
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Table D5.

Coefficients of nreference during cach = onth for the different

clevation categories

(total observation:).

month <4000 <4500 <5000 <5500 <6000
Oct. and  -1.68 -2.97 ~0.79 3.72 6.01
Nov. "~ '
Aug. ~15.17 ~2.08 ~4.78 6.69 7.44
July “14.35 -7.71 3.36 1.88 4 .60
June 12.47 6.77 4.61 -8.09  -15.29
May 18.73 6.00  =2.40 ~4.20 3.6
N 13 115 140 74 42
e 3 29 36 19. 11

o

<6500

33.13

30.03

-38.28

-16.16

-
1oy

142



Table D6. Coefficients of preference during cach month for the different

elevation categories (observations of nursery groups only).

’

month <4000 <asbo <5000 <5500 <6000 <6500
Oct. and  -0.61 ~2.30 -1.95 2.27 .03 -8.12
Nov.

Aug. v 22257 -3.85 -6.75 5.48 .50 44 . 94
July -16.45 -10.22 3.94 -4.57 .87 - 16.73
June 47.84  7.35 5.86 4.68 31,39 43.20
May ~ -8.21  9.02 -1.10 ~7.85 .99 -10.34
N 2 47 83 41 }

A 1 23 40 3

20
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Table D7. Coefficients of nreferences during each month for the slope

categories (observations of nursery groups only).

T

month * . 0-30° 30-45° 45-60° 60-75° 75-90°

R _ . o I
pct.;and 6.34 1se 0.51 - =33 ~2.30

Nov.

‘Aug. 5.66 ~10.01 -2.32 6.77 26.65

July ~11.96 10.19 A .98 438 3.34

fune . 9.39 4.00 - lg 4.36 -11.61 4-20.42

May C -9.44 576 1.43 3.80 - 7.24

N 12 32 106 0 6

% S 16 51 24 3
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Table D8. Coefficients of preferences during each month for the difterent

aspect categories (observations of nursery groups only).

month north south ‘east level
Oct. and 11.45 2.65 . -3.87 -5.38
Nov. )

Aug. -8.57 7.68 0,53 -15.87
July ©-9.59 -5.54 - -0.58 31.86
June , 4.12 -7.77 5.78 -6.28
May 2.59 | 2.99 S -1.87 433
N . 26 66 93 » 21
% ' 13 - 32 45 10




Table D9. Coefficients of preferences during each month for the
different -distance to rock-gravel categories (total
observations).

) Meters to Escape Terrain

month 0 <206 <291 <412 >412

Oct. and -1.12 0.51 - 8.38° -9.22 1.87

Nov. '

Aug. -5.22 2.00 10.00 | -6.87 32.52

July 1.74 2.03 -10.30 -0.58 -21.14

June 0.63 2.73. -~17.30 5.83 ~-7.08

May 3.97 -7.27 9.22 10.85 . v‘—e.,1f7

N 186 148 29 15 15

% 47 7 4 4

38




Table D10. Coefficients of preferences during each month for the

different distance to rock-gravel categories (observations

.

of nursery groups only).

Meters to Escape Terrain

month 0 <206 <291 <412 >412
. Oct. and _1.55 1.50 - 12.49 | 8.09 -9.30
Nov.

Aug. | , —4.71 -2.69 '20.35 210.91  40.98
July 1.69 1 3.80 ~12.15 -0.02 | ~23.06
June ' 3,69 ~3.34 ~17.80 26.11 ~5.99
May 0.89 0.73 -2.88 -7.18 2,63
N } 99 71 17 9 10

o~

48 © 34 8 4 | 5




Appendix E. Harvest Data (with the permission of Bill Hall, Wildlife
Services, Alberta Fish and Wildlife Division)

'WILDLIFE SERVICES

Mountain Goat Season

A total of 175 applications were received for the 48 goat hunting
permits drawn in 1976; 44 people took part in the hunt which covergd six
major drainages. As in past years, the utilization of six zones (all or
part of WMU's 8439, S440, S442 and S444) enhanced hunter distribution and x
the harvest. The season ran from September 27_— October 9. Total har-
vest was 29 goats (13 nannies and 16 billies), coﬁparabl;‘to previous

years' harvests as shown below.

Goat Harvest 1972 - 1976
Year i Harvest ’ «» Total
1972 " 12 nannies 10 billies 22
1973 7 nannies 7 billies o 14
1974 : 6 nannies 7 billies - : 13
1975 18 nannies 10 billies 28
1976 - 13 nannies 16 billies 29

The 1976 harvest was distributed as follows:

Area Permits Females Males Total

A 5 3 2 5
B 14 2 7 9
C 13 3 5 8
D 5 3 _ 3
E 5 1 1 2
F 6 1 1 2
48 13 16 29 -
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