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ABSTRACT

Free ranging wapiti (Cenvus elaphus) introduced into the Yukon Terntory in the carly
1950’s, have been static since monitoring was initiated in 1961, These wapiti, at the northern limit
of the species distribution, must endure greater climate exiremes. shorter growing season and
delayed spring forage emergence relative to their southern conspecifics. This study was undertaken
10 assess scasonal forage and range availability and forage nutritional quality as factors potentiaily
limiting population growth and range carrying capacity.

South slope habitat was least abundant on winer range but was consistently selected
(P<0.05) by wapiti. Wapiti diets were significantly correlated (1988 '=0.03: 1989 P=0.016) with
species composition on south slope grassland habitats where principal torages. bent recdgrass
(Calamagrostis purpurascens), sedges (Carex Spp-). sage (Artemisia frigida), and forbs (Anemone
patens) were most abundant. South slope habitats supported the greatest arca specific nutrient
levels and were clearly most advantageous as foraging habitat for wapiti.

Modeled requirements for energy and protein and activity patierns of mature female wapiti
were used with estimates of forage biomass to assess winter range nutritional carrying capacity,
Winter dict quality and composition suggested that protein contents of 6.3 in 1938 and 5.9
in 1989 were marginal to inadequate. Protein requirements were mel only at the longest observed
daily foraging duration (10.8 h/d) when cither browse (Salix Spp. Populus tremudoidesy, sage o
both were included in the diet. Although basic maintenance energy requirements could be met in
the shortest foraging duration (7.9 h/d), the incremental cnergy costs for locomotion in snow i
gestation probably resulted in negative energy balance.

Although nutritionally advantageous, south slope hahitats supported low hiomass of alf
winter forages. The traditional assessment of carrying capacity relative 1o population level
provided little insight into the current situation in the Yukon. However, foraging logistics suggest
the low biomass availability could restrict wapiti dry matter and nutrient intake during winter.
Spring forage emergence on south facing aspects is critical 1o ending ate winter negative energy

balance on northern wapiti ranges.
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1.0 Introduction
Translocation of North American clk or wapiti (Cervus elaphus) 10 arcas beyond the

current North: American distribution has met with limited success. Introductions into Alaska
(Troyer 1960, Batchelor 1965, Burris and McKnight 1973), Yukon (Hoefs 1980), Alberta (Rippin
1983) and British Columbia (J.P. Elliot 1987: pers. comm.) have cither failed or yiclded
inconciusive results. The notable exception is the introduction of Roosevelt wapiti (C. e.
rooseveltr) 10 Afognak Island in the Alaskan Gulf (Burris and McKnight 1973). However. the
initial post liberation productivity and current abundance of this subspecics likely is due to the
absence of competition for forage and a maritime climate and consequent influence on vegetation
production (Troyer 1960)).

Wapiti were introduced to the Yukon to increase the number and diversity of big game
species and occeurred as the result of lobbying by the Yukon Fish and Game Association (YFGA).
A bricf reconnaissance survey conducted by the Canadian Wildlife Scrvice {CWS) prior to the
introductions suggested the Hutshi Lake-Nordenskiold river valiey had climate and vegetation
most similar to other wapiti ranges (Soper 1950). Based on this report wapiti from Elk Island
National Park (Alberta), 19 in 1951 (S males, 14 females) and 30 in 1954 (8 males, 22 females),
were released near Bracburn lake north of Whitehorse. Within a decade the wapiti from these 2
releases had established in apparently distinct ranges. the Hutshi valley and the Takhini
River-Ihex-Stony Creek region along the Alaska Highway (Figure 1)(Pearson 1967). However, to
the present time, neither population has increased to levels initially anticipated (Hoefs 1980).

The Yukon is the northern distributional limit for wapiti. By one definition. the limit or
the edge of the range is an "isopleth” of zero population increase (Andrewartha and Birch 1954).
Caughley et al. (1988) suggested that on the edge of the range there are either insufficient
resources for an individual even when sharing with other individuals, or that other components
ot the environment (predators. discase. climate) raise mortality rates beyond birth rates despite
adequate resources. If wapiti are in fact at their northern limit in the Yukon, they should not be
expected to flourish. Either montality equal to or greater than the birth rates or inadequate
resources would limit population growth. However, pregnancy and birth data are difficult to
determine for free-ranging wapiti in small populatiors. Consequently, it is necessary (0 examine
other environmental and behavioral indices to evaluate the potential for growth in this population.

As with most free-ranging ungulate populations, determination of proximal causes of

mortality in wapiti are also difficult to make. Even when determined fc- small populations, their
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significance is uncertain unless they can be assessed over an extended time period. However,
predation of moosc and caribou by black (Ursus americanus) and grizzly bears (U. arctos) and
by wolves (Canus lupus) in arcas surrounding wapiti ranges is well documented (I.arsen et al.
1989, YFWB 1992). Predation of wapiti is probably opportunistic, unpredictable, and supported
by "switching” (Bergerud 1983) within this ecosystem. Predation will likely remain a stochastic
mortality factor as long as the wapiti remain within such narrow limits of geography and
population.

An carlier study explored the prevalence and role of disease (Hoefs 1980). Tuberculosis
and bruccllosis were the primary agents evaluated and neither were found in wapiti introduced into
the Yukon. Morceover, although mature females appeared small, wapiti were in good physical
condition suggesting that chronic heavy parasitism or disease have not been present or are
important factors limiting population size.

Local climate on wapiti ranges is strongly influenced by their proximity to the Coast
Mountains and may be both beneficial and detrimental to wapiti. Annual precipitation is 25-30%
lower than other wapiti ranges in North America, whereas mean winter snow accumulations,
ranging between 30 and 47 cm in typical habitat types, are within tolerance levels for wapiti
(Beall 1974, leege and Hickey 1977, Adams 1982). Yukon ranges reccive only 60% of the
growing degree days (Stewart et al. 1977) common to wapiti ranges in central Albena.
Consequently, winter aceess to forage may not be hindered by snow but forage production on
wapiti ranges in the Yukon may be restricted by lack of moisture and shorter duration of the
growing scason.

Forage production and availability and their influence on nutritional status are considered
critical to the size and density of herbivore populations (Wynne-Edwards 1970, Moen 1978, White
1978). Nutrition of individuai animals is determined by their foraging behaviour relative 1o the
distribution and abundance of forage (Hanley 1982) and by their ability to extract nutrients from
forages selected (Van Soest 1982). Winter reduction in forage quality and abundance and the
presence of anti-nutritive substances limit nutrient availability and determine the limits of range
carrying capacity (Klein 1968. Robbins 1983). Further, snow cover increases the energy cost of
locomotion (Parker et al. 1984) and impairs the ability to improve nutrition by interfering with
sclective foraging (Wickstrom et al. 1984, Hanley and McKendrick 1985). Nutrient balance also
must be sustained because of winter duration (Wallmo et al. 1977) and, in gravid femalcs,

increasing production costs for offspring and associzated tissues (Oftedal 1985).



At northern range limits. ungulates including wapiti must obtain sufficient nutrients to
restore body condition and suppon productive functions during a relatively shorter growing season
(White 1983, Geist 1983, Guthric 1984) and endure a relatively longer period of low quality
forage and depletion of body reserves. Traditional means of assessing the abitity of a habitat or
range 1O support ungulates involve comparisons of available biomass or associated nutrients,
relative to requirements for those nutrients (Hobbs ct al. 1982, Hobbs and Swift 1985). However,
in making such assessments, the ability to use measured "available” forage resources is implicit.
Moreover, the strong correlation between forage biomass and rates of forage (and therefore
nutrient) intake (Arnold and Dudzinski 1967, Collins ¢t al. 1978. Hudson and Watkins 1986)
suggest that systems with low net primary productivity could impair foraging intake rates beyond

seasonal reductions in forage quality and abundance.

In this study, 1 evaluated the range attributes and resource use hehaviour of free-ranging
wapiti to assess whether nutrient availability could be limiting population growih, and to provide
recommendations for future management of wapiti in the Yukon.

Specifically, I tested whether wapiti in the Yukon remain at a stable low density because
they are at the nutritional carrying capacity of their range. This hypothesis would he rejected by
the following cvidence:

1) Modelled nutricnt (energy and protein) requirements of "typical” breeding female wapiti
are met under winter foraging and nutrient availability regimes;

2) Given the requirements of a "typical” wapiti are met during the late winter period then
the availability of forage biomass and nutrients exceed the total winter requirements of

the current population.

To construct these tests, I organized my field study according to the following objectives:

1) To determine the range and habitat features selected by wapiti in the Yukon,

2) To determine the nutritional quality and abundance of forages scasonally available 1o
wapiti in the Yukon.

3) To evaluate the influence of snow cover and winter duration on nutritional status based
on estimated diets and predicted requirements for wapiti in the Yukon.

4) To provide estimates of nutritional carrying capacity upon which management of free-

ranging wapiti can be based.



2.0 Study area and study population

2.1 Study area
Wapiti ranges in the Yukon lic on the southern edge of the Dawson Range Ecorcgion

within the scatiered discontinuous permafrost zone {(Oswald and Senyk 1977). The two known
population centres are the Hutshi Lake- Nordenskiold River valley (61°.10°N. 136°.36'W) and the
Takhini River valley (60°.48°N, 135°.55’W) (Figure 1). The intensive portion of this study was
conducted on the Takhini Valley range.

Regional geology is largely metamorphic quartzite that is sporadically intruded with
igneous quartzite and granodiorite (Templeman-Kiuit 1974). Surface geology reflects glaciation
during the most recent advance of the Cordilleran ice sheet of the Wisconsin period. Shallow
morainal and glaciofluvial deposits line the Hutshi/Nordenskiold and Takhini River valleys while
valley boutoms are overlain with fine textured glaciolacustrine deposits. The climate is cold
continental with mean annual iemperatures below freezing (-3 1o -4 °C). Precipitation (and climate
in general) is influenced by the Coast Mountain range immediately south of the study arca. Mean
annual precipitation (measured from the Braeburn and Canyon Lake weather stations) is near 3(X)
mm, with 65% falling as rain (AES 1982). Winter snow accumulations range from 30 to 60 ¢cm
(from 94.5 cm mean annual snowfall) persisting into carly April {AES 1985). Snow melt occurs
through April with little carryover into May.

Both wapiti ranges lie within the Boreal Forest Region (26b) of Rowe (1972). Black
spruce stands (Picea mariana) predominate northern exposures and wet low arcas whereas white
spruce (Picea glanca) is lightly to moderately stocked on elevated terraces and dry benches. The
dominant forest cover is regeneration 1o aspen (Populus tremuloides), due to exiensive forest fires
in 1958, although growth rarcly exceeds 3 to 4 metres in height. Draws and gullics. frequently
interspersed along south facing grassland slopes, have also been colonized by aspen. Willow (Salix
Spp.) tends to regenerate on sheltered and north facing sites.  Understorey vegetation in upland
sites is dominated by purple reedgrass (Calamagrostis purpurascens) with localized concentrations
ot bluegrass (Poa spp.). Other gramineac (Carex spp., Agropyron spp., Festuca $p., Bromus sp.)
are sparsely distributed through Xeric to mesic sites between 940 m and 1430 m in eclevation.
Principal forbs include crazyweed (Oxytropis sp.), Gormans’ penstemon (Penstemon gormanii),
goldenrod (Solidage sp.). groundsel (Senecio sp.), siberian aster (Aster sibericus), and cut leaf
ancmone (Anemone multifida). Shrubs other than aspen and willow include rose (Rosa acicularis).

bearberry (Arctostaphylos wva-ursi) and Juniper (Juniperus communis). Hyzric valley bottoms and

n



riparian areas arc densely stocked with sedges (Carex spp.. Eriophorum spp).

2.2 Study population

Wapiti, originating from Elk Island National Park (EINP). were transplanted to the
Braeburn area of the Yukon about 100 km North of Whitchorse. Nincteen wapiti, S bulls and 14
cows, were released in 1951 and 30, 8 bulls and 22 cows, were subsequently released in 1954,
Post liberation monitoring was initiated by the Canadian Wildlife Service (CWS) in 1964 and
continued to 1967. Sincc their release, the wapiti setled into 2 distinet ranges, the
Hutshi/Nordenskiold valley and the Takhini valley. There are few records of wapiti from the
groups released prior to 1964. However, parts of both ranges burned during the extremely dry
summer of 1958. Apparently, wapiti first colonized the Takhini valley by the second year
following the burn (R. Stevens, pers. commun.). As the ranges are only separated by 80 km and
only the extreme northern and extreme southern arcas of the Hutshi valley burned in 1954, it is
probable that most of the animals remained within the extensive south facing grasstand/fo st
complex around the Hutshi lakes in the first 10 years post-liberation.

Surveys conducted intermiticntly since wapiti were liberated consistently noted low calf
proportions in female groups (Pearson 1967, (Appendix 1). Over the first 20 years ol intermittent
monitoring, principal ranges, estimated population sizes, and incidence of predation and or
mortality were documented. Poor productivity and juvenile recruitment were noted and predation
was suggested as a potential limiting factor. Low calf numbers persisted 1o the time of this study
{Yukon Fish and Wildlifc Branch, unpubl. survey reports). Investigations into the agents
responsible for the lack of population growth involved testing fo- tuberculosis and brucellosis in
addition to a limited program of wolf control (Hoefs 1980). Although concerns had been
expressed regarding habitat and forage limitations by CWS biologists (unpubl. corresp. 1977) no
detailed investigation had been conducted into the suitability of the environment for wapiti.

At the time thic .nvestigation was initiated the 2 known populations were estimated 1o
contain approximately SO animals cach. Available information on the physical stature of wapiti
in the Yukon is limited to a small sample of weights and external lincar measurements for animals
that were immobilized for Brucellosis testing (Hoefs 1980) and animals immobilized for the
current study. Weight and chest ginth measurements for 6 female wapiti from the Yukon were
within the 95% CI of mean size for animals from Banff National Park (Flook 1970). However.

mean weights did appear substantially lower than a sample from Elk island National $ark. The



sample of male wapiti weights is too small for comparison (Appendix 1).

3.0 Materials and Methods
3.1 Range attributes

3.1.1 Forage biomass
Vegetation sampling and site sclection followed Mueller-Dombois and Ellenberg (1974),

Oldemeyer and Regelin (1980), and Hobbs et al.(1981). Either 3 or 4 rectangular 1 ha macro plots
were randomly allocated to vegetation polygons within 4 habitat types. Major forage species were
hand plucked from 20 1 m? quadrats located using a grid reference and random co-ordinates.
Shrub and browse current annual growth (CAG) and associated twigs to 4 mm in diameter,
between 0.5 and 2.5 m in height, were clipped from ten 1xS m plots located at alternate forage
sampling quadrats within each macro plot. Ground cover was evaluated as percent cover for
herbaceous vegetation and low growing shrubs, bare ground, rock and deadfall.

Standing biomass of principal forages was evaluated in July and August. Samples were
sorted to species and air dried in paper bags. Air dried samples were cleaned, oven dried at S0°C

and weighed to (0.1 g on an ¢lectronic balance.

3.1.2 Nutrient analysis

Forage and fecal sampling periods were divided into intervals representing changes in the
physical and the nutritional environment of wapiti. Periods included late winter (February and
March), carly herbaccous emergence (April 1-16), late emergence (April 17-April 30), browsc leaf
out (May), leat expansion (June 1-Junc 18), and leaf maturation (June 19-July 31).

Major forage plant species, identified primarily from fecal analysis and by visual
inspection of feeding craters, were collected in 1988 and in 1989, sorted to species and air dried
in the ficld. All samples were oven dried and stored in plastic bags until processed. Prior 1o
analysis, samples were ground in 2 Wiley mill (2 mm screen) and stored in airtight plastic
containers.

Forage samples were analyzed in duplicate according to A.O.A.C. (Horwitz 1980). Crude
protein was determined by macro-kjeldahi nitrogen x 6.25. Neutral detergent fibre (NDF), acid
detergent fibre (ADF), and acid lignin (ADL) were determined according to Goering and Van
Soest (1970). Soluble fractions were evaluated as the ash and fibre free dry matter, hemicellulose

was estimated as the difterence between NDF and ADF, and cellulose as the difference between



ADF and lignin. Dry matter was determined by drying overnight in a forced draft oven at 110°C.

In site digestibility (NBDMD) was determined for selected 1989 forages using the nvlon
bag technique (Orskov et al. 1980, Fargey 1988, von Keyserlingk and Mathison 1989),
Representative forage samples of 1 g DM were heat sealed into 3x7 cm nylon bags, placed into
weighted lingerie bags and incubated for 48 hours in the rumens of three mature beet steers. The
trials were conducted in winter using animals that were maintained outdoors and fed a daily ration
of 1 kg grain supplement and ad lib moderate quality grass hay. Upon removal, bags were rinsed
twice, once individually by hand until the rinse water ran clear, and a sccond time. enclosed in
nylon stockings, in a commercial washing machine. Dry matter disappearance was determined as
the sample dry matter weight loss, to the nearest 0.1 mg, afier drying 24 hours at 110°C.

A subsample of winter forages was analyzed using the in vitro technique described by
Tilley and Terry (1963) and Pearson (1970). Rumen inoculum was prepared from a mixture of
equal parts rumen fluid and strained solid fractions combined in a waring blender according 1o Fay
et al. (1980). Duplicate samples were incubated in a mixture of buffer medium (Goering and Van
Soest 1970) and rumen fluid collected from a free ranging adult male wapiti on a winter dict of
browsc and grass.

Fecal protein and ash content were determined for individual fecal sasples collected
through the scason. Macro-kjeldahl nitrogen and ash analysis were conducted according to
A.0.A.C. (Horwitz 1980). Fecal crude protein (N x 6.25) was used as an index of the temporal
variation in diet quality and of winter duration. Inflection in fecal protein levels, representing
animal response 10 new forage, was considered the end of winter. Winter range occupation and

hence the initiation of the winter period was considered to occur with permanent snow cover.

3.2 Resource-use behaviour
3.2.1 Habitat use

Radio-collars (Telonics Inc., Mesa Arizona) were placed on 5 females in the Takhini
Valley range (TV), 3 in March 1988 and 2 in March 1989. A sixth female was marked with
eartags for permancnt recognition. Mature females were immobilized by helicopier using a
Cap-Chur rifle (Palmer Chemical Co. Ltd., Douglasville Georgia) and a cocktail of M-99
(etorphine hydrochloride) and Rompun (xylaxine hydrochloride) (Bayuet Division, Miles
Laboratorics, Mississauga Ontario). Immobilization was reversed using M 50-50 (Diprenorphine)

(D-M pharmaceutical I.td., Rockville M.D.).



Aithough mature female wapiti were selected for radio-collaring from both the TV and
the HN ranges, intensive ground monitoring was restricted 1o the S radio-collared animals on the
TV range. Periodic acrial location of animals in the HN range was conducted to corroborate
general findings on wapiti ecology in the Yukon.

Radio-collared animals were monitored during late winter, spring and summer of 1988 and
1989, Wapit were locat~4 a nunimum of twice weekly during late winter (February, March), once
cvery 2 days in spring (April, May), and once e¢very 3 days in summer (June. July). Location
periods were in the morning (0600 o 1200 hrs) or the evening (1700 to 2400 hrs) when foraging
was most intense and likely to dominate the activity pattern. When actively foraging, wapiti were
visible from a greater distance and therefore potential for disturbance was reduced. Habitat
preference data were analyzed using 24 hour and 48 hour location intervals. Because no difference
in habitat preference or avoidance among any of the seasonal periods studied was observed
between the 2 intervals, the 24 hour interval data were used in assessing habitat selection.

Each location was noted with time, map position, and group composition, and was plotted
onto 1:20,000 scale air photographs. When the precise location could not be verified visually,
predominantly in summer after leal” flush, location and habitat typc were assigned after the
location was determined by walking around three sides of the transmitter. Each location was
considered 1 point regardless of the number of animals or radio-collars within a group as
recommended by Thomas and Taylor (1990). Visual location of animals not associated with radio-
collared temales were recorded but were not used to analyze habitat selection, Observations were
pooled within scason and year 1o assess scasonal habitat sclection.

The TV range boundary was delineated using a modification of the minimum convex
polygon (Mohr 1947;. Habitat types sclected by wapiti, and contiguous with polygons in which
wiapiti were actually located, circumscribed the outer boundary of the TV range. Vegetation
polygons within the range were outlined on 1:40,000 scale air photographs and composition
veritied using 1:20,000 scale colour and false colour infra-red aerial photographs and ground
reconnaissance. Individual polygons were classified according to the dominant cover specics,
physiographic, and topographic features (Aatclma 1988). Polygons were transferred to 1:50,000
base maps where the area of each polygon was determined using a digital planimeter. Vegetation
polygons were grouped into habitat types based on covertype similarity and patterns of use by
wapiti. The totat area of cach habitat was determined by summing the constituent polygon areas.

Major habitat types sclected by wapiti were included in detailed vegetation analysis (Table 1).

9



Table 1. Sumunary of habitat types within the Takhini Valley wapiti range, Yukon

Habitat Proportion of range (%) Site Privepal cover and
type Total Winter characteristios fonpe species
Dense Aspen 325 259 CANOPY cuver 6% to S50 Popdus tremuiondes
Regeneration level to moderate south Arcmone mudnfria
(DA) slope Sofvdago decumbens
motst 1o dry Calamuagrosis
aspect 8. SW', Sk prrpuraseens
ground cover 08T (4% Agropvron trachyeadum
Open Aspen 15.6 1.7 canopy cover 3% to P tremzdondes
Regeneration level Naliospp
(OA) dry Epdofsiam angustifoiim,
ground cover $9% (_16“1-) Fragarw virginsanag
C o poepurascens
A rachyveatiion
Conifer 229 375 canopy cover 5% to dr% Picea glawea
Regeneration level to moderate north Pinws contorta
{CR) slope Suliv spp
Moist o wet L angustfoluon
aspect W N E Anemone mudtifrda
ground cover 647 (+ 77%) A trachveauhon
Conifer 28 34 canopy cover >20%. P glauca
Residual level Sulx spp
(CRe) moist to wet E angustipoluon
ground cover >804 Festuca altaica
South Slope 5.2 89 cunopy cover <5% P trenudoudes
(S8) south slopes from shpht Anemone patens
to 45" Artemisia frigula
dry ST prrptitasceny
aspect SW.SSE Carevspp
ground cover 47% (:_'\'?i i
Proportion of 79.0 87 4
total range (%)
Total area (ha) 17791.8 9954.6

10



3.2.2 Forage selection

Principal forages (Petrides 1975) were considered to be species constituting 2% or more
of the estimated winter diets. Fecal fragment analysis (Sparks and Malechek 1968. Holecheck et
al. 1982, Gill c1 al. 1983) was uscd to identify the major forage species selected during winter,
spring, and summer. Because bias in the fecal analysis technique has been artributed to diets of
forages with high differential digestibility, particularly forbs (Fargey 1988). winter dicts were
considered to be most accurate and realistically assessed by fecal analysis. Fecal plant composition
in spring and summer were similarly determined but were used more broadly, as an indication of
dict class preference rather than for quantification of forage species consumption. Some species
such as browse foliage may be under-represented in fecal analysis (Charles Schwartz, 1990
pers.comm.). The technique is generally considered to be imprecise when highly digestible forages
such as foliage arc being consumed with other less digestible forages such as browse twigs.

A sccond bias generally attributed to the technigue, based on detection and recognition
of forage fragments, was minimized by using technicians familiar with northern plant species and
by provision of plant species list and reference specimens for species not already available. Fecal
analysis was the primary mecans of determining wapiti diets aithough supplemental observations
were made at snow craters and during observations on foraging radio-collared animals. Wapiti on
the TV range were extremely wary of humans and thus direct monitoring of forage species
sclection using bite count methods (Hudson and Nictfeld 1985) was not practical.

Fecal samples were collected from groups of mature female wapiti 1 to 2 times per week
between March and July 1988, and January and July 1989. Samples were bagged individually and
frozen until composite samples representing winter, spring and carly summer foraging periods
were made. Individual fecal samples were oven dried at S0°C for 48 hours. Triplicate composite
samples of § g from at least 20 separate animals were forwarded to the Composition Analysis I.ab
(CAL) at Colorado State University. Five slides and 20 fields per slide were read for each sample.
Species percent frequency was interpolated as relative dry weight percent of forage specics in the

diet.

3.2.3 Activity patterns
Scasonal activity patterns were determined for 3 wapiti using radio-collars modificd

according to Garshelis et al. (1981) and Green (1982). Telemetry signals were recorded using a

11



TR-2 receiver scanner system connected to a TDP-2 advanced digital data processor (Telomes
Inc., Mesa Arizona) and recorded using a Rustrack dual channel strip chart recorder (Gulton,
Manchester N.H.). Animals were sclected randomly for weekly scans of at least 24 hours. Periods
of up to 48 hours were included, where possibie, to ensure representative measurement of activity
bouts. Additional data on duration of active and inactive periods were obtained from partial
recordings less than 24 hours duration. Signal strength and period. based on mercury tip-switch
positions within the radio-collars, differentiated between inactivity (bedded). head up activity
(standing, walking-fceding) and head down activity (grazing-feeding). Active and resting periods
were analyzed as bouts of 15 minutes or longer in duration. Bouts between S and 15 minutes were
considered breaks in activity and were incorporated into cither the preceding or the followiny
activities. Activity patterns were confirmed visually, periodically while activity scans were being

recorded.

3.3 Nutrient requirements and carrying capacity

Range carrying capacity for the late winter period was assessed by contrasting range
supply of energy and crude protein with the predicted animal requirements for maintenance and
reproduction (zero weight change) following the proccdure of Hobbs ¢t al. (19%2). Nutrient
requirements were determined from relationships summarized by Robbins (1983) and NRC (198.1),
Energy and nitrogen requirements were bazed on an average weight of 225 kg for mature female
wapiti on Yukon winter range (Appendix 2). Daily energy requirements for maintenance were
calculated using activity data collected during telemetry scans from female wapiti in February and
March in 1989. The cnergy cost (kJ/h.kg"™) associated with specilic activities of lying (20.7).
feeding (26.4) and walking (27.1) follow Pauls et al. (1981 and Hudson ot al. (1985) (tor
animals at maintcnance). Energy costs were summe.! for winter activity patterns (o provide an
estimate of the daily ME requirement. The energy requirement for gestation was estimated as (hie
energy in the fetus and associated tissues (Robbins and Moen 1975, Robbins and Robhins 1979)
and the efficiency of cnergy use for pregnancy (k= 0.133) from ARC (1980):%%).

The incremental cost of foraging in snow was estimated using the relationship developed
by Parker et al. (1984) and daily travel rates based on forage biomass developed by Wicksirom
et al. (1984). Similar to Wickstrom et al. (1984), I assumed no change in the rate of travel for this
approximation. The range of forage biomass available in the Yukon was used (o produce a range

of winter travel rates and from the regressions of Parker et al. (1984 expected energy increments
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tor travel under snow conditions in the Yukon were examined. Fifty percent of the foraging
activity was considered slow travel and the increment was applied to that proportion of foraging
cnergy cost.

Requirements for protein were determined as the sum of metabolic fecal (MF).
endogenous urea (EU), scurf loss (S), tssuc deposition (T) (assumed zero for winter). and
conceptus (C) requirements divided by the product of true protein digestibility (TD) and the

hiological value (BV).
Protein required = (MFP+EUP+S+T+C)Y/(BV*TD) (after NRC 1984)

Metabolic fecal protein is a constant proportion of intake and is approximated as 35 g/kg
DM intake (Mould and Robbins 1981). Endogenous urea nitrogen is lost in propostion to hody
weight and represented as 0.16 x W7 g/day. Protein was determined by multiplying nitrogen by
6.25. Scurf, skin, and hair loss was determined as 0.2 x W'° g/day. Requirements for the
conceptus and associated tissues follow the formulation of Hudson and White (1985). Biological

value prediction was based on Robbins (1983) formula:

BV =949 - 2.2 (CP%) where CP% is the protein content of the diet

True protein digestibility was considered 1o be 95% (Robbins 1983:283).
The carrying capacity oi the winter range was assessed by contrasting the mean biomass
for cach major forage with the associated nutrient concentration. Protein was measured directly

ind digestible energy was determined as:
DE = Species biomass * NBDMD * 18.0 Kj/g

where NBDMD is the in sine digestibility mecasured for the principal forage species and 18.0 is
the approximate energy content of digested organic matter (Hudson and White 1985) correcied
for ash content. The total area of cach habitat and the product of the nutrient composition of
forages and the relative composition of forages in cach habitat were used to determine availability.
Animal requirements and duration of range occupation were contrasted with available nutricnt o

deternmiine the total number of animals that could be supported during winter. Variability of
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hiomass estimates for the principal forage specics was used to determine 954 contidence timits
for carrying capacity of individual habitats and the totaf range. Metabolizable energy (ME)Y was
considered to be (.82 * DE to account for obligate losses from incompletely metabolized
compounds in the urine and losses of heat and fermentation gases from the rumen (Van Soest

1982).

3.4 Statistical analysis

Analysis of variance (ANOVA) was used 1o compare species biomass among 4 habita
types, and Student-Newman-Keuls (SNK) multiple range tests (Steel and “Forrie 1980) were used
in habitat specific comparisons.

Differences in chemical composition and apparent digestibility among forage species
within months were cvaluated by ANOVA and SNK multiple range tests. Species specific
regressions for apparent NBDMD and IVDMD were determined by linear regression (Steel and
Torric 1980, SAS Iustitute 1982).

Habitat selection was evaluated by comparing the relative proportion of animal locations
within each major habitat and the relative availability of the habitat over the entire range.
Significant differences. assessed using a Chi-squared statistic, were determined using a Bonferroni
7 distribution, comparing the 95% confidence band for use with the availability ot specitic
habitats (Neu ct al. 1974, Byers et al. 1984). A level of significance of 5% was used unless

otherwise indicated.

4.0 Results
4.1 Range attributes
4.1.1 Forage biomass

Vegetation biomass dry matter (DM) at the end of the 1989 growing scason was used 1o
estimate forage availability on the winter range. Contrasts were not made with the 19X sampling
year because the difference between the timing of the collection periods was too great. When ald
forage classes were included, forage production valucs ranged from 471 kg/ha in coniler
regeneration (CR) habitats to 278 kg/ha in south slope grassland (SS) habitats. With the exeeption
of SS habitats, biomass was dominated by foliage of Salix Spp. and Popudis tremidoides . Fireweeed

(Epilobium angustifolitm) was significantly more abundant in CR habitats than open aspen
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regereration (OA) and dense aspen (DA) habitats (P=0.01) but was not considered a valuable
winter forage because the foliage dropped and deteriorated rapidly before snowfall. Therefore this
species was not considered part or the available winter biomass. When browse foliage was
excluded from the available winter forage (see section 4.2.2), SS habitats were the most productive
habitats assessed (Table 2). Many specics occurred in higher quantities on SS habitats than other
habitats whercas a single species provided most biomass in ¢ach of the other habitat types.
Spring biomass was measured immediately following snow melt each year (Table 3). No
SHferences were observed between years in the available spring biomass of preferred forages (sum
of preferred forages excluding browse) (P = 0.20), or all forages sampled (sum of herb and shrub
hiomass cxcluding browse) (P = (0.41) in SS habitats. Because ploi sizes were increased from 0.25
m® to 1.0 m® in 1989 for non-§S habitats. biomass values from 1988 were multiplied by 4. No
difference was found in spring biomass of preferred forages in GA (P=0.17). DA (P=0.33), and
CR(P=00.99) habitat types. Dense aspen was the only habitat that had between year differences

in available forage biomass (P=0.036).

4.1.2 Forage phenology and quality

Forage nutritional phenology was assessed for key species from late winter and monthly
through the growing scason. Few of the key winter and/or spring forages occurred in habitats other
than south facing grasslands in large quantiides and therefore few among habitat comparisons were
made. The S8 habitats were first 1o cledr as overwinter snow accumulaiion was light and the
southern exposure resulied in rapid melting and evaporation. New growth of purple reedgrass (C.
purpusdscens) increaseo fiom 4.2% 10 21.0% of the total available Calamagrostis foliage through
April and to 54.6% by Junc 1989 (Figure 2). The ratios of new to cured foliage were similar in
i aspen regeneration (DA, OA) habitats although the rate of emergence of new foliage was
delayed relative 10 88 grasslands. Protein conient of harvestable Calamagrostis increased gradually
in spring as new growth was initiated on the lower portions of marcescent foliage. Available
protein was theretore diluted by the attached dried foliage. Even so, protein quality peaked sooner
and at a higher level in SS habitats than in DA and OA regeneration habitats.

Total biemass and protein content of Carex spp. and Artemisia friei-la remained relatively
stable between years (Figure 3. Figure 4). The proportion of old foliage 20d stems relative 1o new
growth was high and likely diluted protein content of the new growwh. The crocus (Anemone

patens) on SS habitats was among the first species to emerge on the winter and spring range but
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Table 2. Standing live forage hiomass (kg/ha) assessed in July/August 1989 representing the avaslable winter forage within cach habitat fvpe used by
\l‘a[‘lh

Tabatat type

Species South Open Aspen Dense Aspen Comter
Slope Regeneration Repeneration Regenerabon Prob

Agropyron spp. s 3¢ 15 3 0 1808
Anemone spp. 27 9 H 7 01200
Artemisia frigida 45 A 1B tr B Q BRI
Bromus pumpellianus 2B 17A 8 AB GB [LEVALRY
Calamagrostis purpurascens 91 A 27 AB 56 AB DS ANIRERY
Carex spp. 16 A r B tr B 1B AXCINA
Festuca saximontana i bl 0 o o
Fragaria virginanus 0 25 14 0 [URERIS
Poa glauca 3 3 2 0 (LR
Poa cusickii 3A 0 tr B 0 [IREIAY
Unidendfied graminoids irr B 1A tr R 2 AB goie
Mixed forbs® 28 24 17 ! wor
Populus remuloides’ 17B 26 B S3A L] Rt
Salix spp.>* 4B 14B 1 B B3 A ARTIRN
Total avzilable bjomass 242 146 175 R

Biomass of preferred species 181 77 IR BR)

Preferred as a proportion
of available winter biomass 74.8% .3% 64 6% B9 9%

! includes C. concinna, C. rupestris, C. obtusata

*includes Achillea millifolium, Antennaria rosea, Erigeron cespitosus, Gallium boreale, Penstemon spp . Potentidla spp . Soludago spp
* excluding foliage

*includes S. glauca and S bebbiana

tr production less than 0.5 kp/ha

Means within a row followed by dissunilar jetters ditfer significantly
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Table 3: Habitat specific spring forage biomass (kg/ha) on wapiti range in the Yukon.

Habitat type Prefercd forages All forages
1981 1989 1988 1989
73.9+14.7  110.5+20.1 89.7+15.7 119.3+18.5

South slope (SS)

Open aspen (OA) 76.9+ 3.6  34.0+17 84.8+410.5  90.3+6.6

Dense aspen (DA) 69.6+18.7 46.4+12.3 889 A +89 644B +37

Conifer regen (CR) 6.8+3.3 6.8+3.3 6.8+3.4 17.8+13.5

Mcans within a row followed by dissimilar letters differ significantly.
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Figure 2: Monthly changes in biomass (kg/ha) for ncw growth ( U ) and previous
( ) years foliage of purple reedgrass (Calamagrostis purpurascens) in south
slope (SS), conifer regencration (CR), open aspen (OA) and dense aspen (DA)
regeneration habitats in the Takhini Valley, Yukon. Crude protein content (%) of new
growth in SS ( )and DA (- - - - - ) habitats in the 1989 sampling year.,
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Figure 3: Monthly changes in biomass (kg/ha) and crude protein (%) of sedges (Carex spp.) in

) and 1989 (2553 . - - - - -).

SS habitats in 1988 ( D -
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Figure 4: Monthly changes in biomass (kg/ha) and crude protein (%) of sage (Artemisia frigida)
in SS habitats in 1988 ( N . ) and 1989 ( g7z
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the available biomass during the carly and late April sampling periods was low (Figure S). The
large flower stalks and buds that emerged carly, were specifically "hunted” by wapiti and therefore
the total hiomass for this species is probably higher than was determined from sampling. This
specics was low in fibre and extremely high in protein. Three samples of combined foliage and
flowers demonstrated a mean NBDMD of 84.8% (SE=1.8) (unpubl. data).

The protein content of browse current annual growth (CAG) twigs remained relatively
stable through the growing scason (Figure 6). However for willow, significant increases in protein
(P = 0.0001) and reduction in NDF (P = 0.005) in May 1989, coincided with bud swelling and
foliage cmergence. Advanced phenological development in 1988 resulted in separation of
measurable quantitics of foliage distinct from browse twigs. Samples collected in 1989 varied in
‘phenological development from the initial swelling 1o broken leaf buds. However, these could not
he separated from the twig CAG and likely produced the transient increase in quality observed
in May. Similar phenological advance was observed for aspen, where catkins emerged in the first
week of May 1988, followed by foliage in the second week. Although aspen catkins were not

produced on the Takhini Valley range in 1989, foliage emergence was similar to 1988.

4.1.3 Secasonal nutritional quality of forage

Nutritional quality of forages are summarized in Tables 4-8. Nutrivonal difterences among
principal winter browse, shrub, graminoid and forb classes were observed in fibre (P = 0.0001),
protein (PP = 0.0001), and digestibility (P = 0.0001). Fibre content as neutral detergent fibre (NDF)
was highest in the graminoids, lowest in crocus and willow bark, and intermediate in shrub and
browse twigs. Although forage fibre was highest in the graminoids, almost 50% was composed
of hemicellulose (NDEF-ADF). Graminoids were significantly lower in lignin but were similar in
ADF relative o other forage classes and therefore higher proportions of potentially digestible
fibre. However, moderate cell soluble content and low crude protein content may have reduced
their in sinc (NBDMD) digestibility. Graminoids had the lowest apparent digestibility in spitc of
the apparently low indigestible fraction. Browses had lower apparent digestibility than Artemisia
frigida and. with the exception of lignin, were similar in fibre content. The current year twig
growth was higher in protein (P < 0.005) relative to older twigs to 4 mm in diameter. particularly
for willow. Although differences in fibre content were not apparent, therc was a difference in
willow NBDMD. Artemisia frigida had the highest estimated digestibility, it was among the

highest in protein content, but was intermediate in fibre content.
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Figure 5: Monthly changes in biomass (kg/ha) and crude protcin (%) of wild crocus (Anemone

patens) in SS habitats in 1988 ( .. , ———— ) and 1989 ( e ).
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Figure 01 Monthly changes in crude protein content (%) of browse and foliage of aspen (Populus
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Digestibility of winter forages was highly correlated with the cell soluble fraction in a
multiple lincar regression (' = .77, P = 0.0002). Inclusion of cellulose (ADF - lignin) in the
regression increased the accounted variation 1o 81% of the in site results. Digestibility of forb and
browse species was equivalent to the cell content fraction (DM - NDF) whereas dry matter loss
in graminoids and Artemisia was cquivalent to the soluble and a larger proportion of the digestible
fibre. In vitro (IVDMD) digestion trials conducted on winter forage samples were correlated with
the NBDMD in 4 of § species evaluated (Table 9). However, the in vitro digestibility estimates
were consistently lower, from 3.5 and 16 digestibility units, than the in sitie estimates. Willow
browse demonstrated poor correlation between methods. ranging from 14.8 to 25.5 digestibility

units lower for the in vitro technique.

4.2 Resource-use behaviour
4.2.1 Habitat use

Five radio-collared wapiti cows were located 391 times in the periods of April to August
1988 and January to August 1989. Of these locations, 46% were confirmed visually but this varied
from 93% in spring 0 29% in summer when wapiti were either screened by foliage or were
isolated for calving.

I.ocation data for the period between the end of January and the end of March 1989 were
used to determine late winter habitat use. The winter range habitat types used by radio-collared
wapiti cncompassed 79% of the total TV range (Table 10). SS habitat types were selected and OA
avoided during winter. CR. conifer residual (CRe) and DA were used in proportion to their
availability. Foraging in CR habitats was often observed when adjacent 1o SS habitats or along
travel corridors between 38 habitat patches. However, a large proportion of the CR habitat type
remained unused during winter and therefore the true importance of CR is 137 :ly underestimated
by the use/availability assessment.

No ditference was found in habitat sclection during spring between 1988 and 1989,
Intense foraging activity on 8§ continued although some within period differences were noted.
Combining April and May into spring. obscured a temporal shift in foraging pattern and habitat
use. Significant selection for SS (P < 0.05) was observed for part of the spring observation period.
However, 28.6% of the animal observations in 1988 and 31.9% in 1989 were in DA although use
ot this type for the entire ApriVMay period was not signiticant (P > 0.03). Female wapiti selected

DA habitats almost exclusively during summer. The specific use of 2 mosaic of small meadows.
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Table 9. Simple lincar regression for the companson between the NBDMD  and IVDMD digesubihues for selected
winter forages of wapiti. Samples were collected 1n 1989 on the Takdunt Valley range. Yukon.

Forage species N a b SEb Ahh ¢
Calamarostis purpurascens S -14.15 1.18 0.82 0.50
Carex spp. s -24.09 097 012 0.96*
Anenusia frigida 6 -19.14 1.08 0.20 0.8
Populus tremuloudes § -35.33 1.358 N3 0.47
Salix spp. 7 34.70 0.12 0.0 0o

Carex spp. include C. concinna. C. rupestrts. and C. oblusata
Salwx spp. include S. glauca and S. bebbrana

A P=00012

B P=0006]
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sink holes and small creeks interspersed among the DA habitat could not be assessed although

individual components may have supplicd larger proportions of summer forage on this range.

4.2.2 Forage selection

Principal forages, those identified as being 2% or greater by fecal composition analysis,
constituted 89% of the estimated winter diet in 1988 (Table 11) and 95% in 1989 (Table 12).
Wapiti diets were similar in both years. The dominant forages included a single grass species
(Calamagrostis purpurascens), low growing sedges (Carex spp.). fringed sage (Artemisia frigida)
a shrub-like forb, and the CAG and bark of willow (Salix spp.). Winter dicts were significantly
correlated with forage biomass in SS habitat types (P = 0.03 in 1988, PP = 0.046 in 1989,
Spearmans rank correlation) (Table 13). No correlation was evident for diet and forage production
among the other habitats sampled although both DA and CR habitats contained 1 preferred forage
whose biomass exceeded levels found in SS habitats. Aspen browse biomass was higher in DA
habitats and willow browse in CR habitats.

The transition between winter and spring diets occurred as a shift in the proportion of the
major winter forage species sclected where increasing proportions of newly cmergent forbs and
low growing sedges became more prevalent in the diet. These changes reflected the exposure of
low growing sedge with the receding snowline, the emergence of forbs (Anemone paiens,
Potentilla sp.), and the advanced growth of graminoids on SS. Artemisia Srigida continued to
constitute a relatively large proportion of the transitional dict. Spring diet selection may have also
been influenced by the emergence of catkins in both aspen and willow browse. Advanced
cmergence of browse catkins and foliage in 1988 was followed by an carlier increase in use of
aspen and willow by wapiti. Because of delayed foliage emergence and the absence of catking on
aspen in 1989, spring dicts contained less browse and more forbs.,

Summer diets determined by fecal analysis were dominated by willow folinge in both
years. However, summer foraging activity and habitat sclection patterns favoured DA habitats. The
use of aspen was supported by observation of large fragments of aspen in fecal petets. It is
doubtful therefore that identification and quantification of aspen foliage within summer feces was

successful using this technique and probable that willow was over-represented in that year.

4.2.3 Activity patterns

Fourteen continucus 24-hour activity patterns were recorded from 3 mature female wapiti
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Table 11, Diets (%) of wapits on the Taktum Valley range, based on microhistological analysis of composite fecal samples for each period in 1988

Sampling period and phenological stage

Furape species (%) February Early Late May/Early July

March April April June

late early late leaf leat’

winter emergence emergence out extension
Agsopyron sp. tr 1 0 0 0
Bromus pumpellianus H 1 1 tr 1
Calamagrostis purpurascens had 32 14 4 ! ]
Carex spp A 14 22 4 1 1
Deschampsia caespitosus tr r tr tr tr
Festura saximontana . 1 S 2 2 !
Pua sp. b 2 10 6 4 2
Umidentifiable graminoids 1 1 ] ¢ tr
Totat gramiords 52 55 3! 13 17
Anemone Spp. tr 6 7 7 7
Artemisia frigida A 23 20 tr tr §]
FEquisetum scirpoides 6 4 0 0
Fragarw virginana r ] ir 5 13
tdentifiable forbs! 1 2 tr tr tr
Umdentifisble forks tr 1 1 tr fr
Total torbs 26 35 13 14 16
Lichen/Muss tr 1 0 0 4]
Arctostaprhyvlos uva-ursi 1 2 0 ir 0
Popudus tremulordes A 1 tr s 13 13
UID bark . 3 1 8 4 3
Sualix spp . 16 6 43 56 51
Salie bagk . tr 0 0 tr 0
Identifiable shrubs and trees?’ Q 1 0 1 0
Toral shrubs and trees 22 12 57 74 67

Pldentfusble Forbs: Draba sp., Galliton boreale, Potentilla spp., Oxyiropis spp..
Antennaria sp., Senecio sp.. Soludago yrkonense
7 Identifisble shrubs and trees: Picea spp., Pinus contorta, Sheperdia canadensis,
Amelanchier sp..
1 Species occurrence less than 0.5% of the diet
** Principal winter forages
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Table 12. Diets (%) of wapiti on the Takhini Valley range. based on microhustological analysis of composite fecal samples for each period e 1950

Sampling period and pheaclogical stage

Forage species (%) February  Early Late May [ate June
March April April early July
tate early late tead
winter emerg. emerg maturation

Agropyron sp. ir r 0 1r 1

Bromus pumpellianus tr 1 U 0 @

Calamagrostis purpurascens A 1N 11 2 7 i

Carex spp. .o 8 6 6 4 )

Deschampsia caespitosus 0 fr 0 1 0

Festuca saximontana hid 1r i ! 0 0

Poa sp. b 1 tr 0 1 §]

Unidentifisble gratninoids 1 2 1 1 0

Total gramioids 42 20 10 13 ‘

Anemone spp. 0 4 81 (18 2

Artemisia frigida had 32 72 1 fr i

Equisetum scirpoides 0 0 tr §] il

Fragaria virginana tr 0 0 2 1

Identifiable forbs® tr 4] 0 0 1

Unidentifiable forbs tr 1 §] ! 1

Total forbs 33 77 82 Y 5

Lichen/Moss trr 0 §] 0 1

Arctostaplylos uva-ursi r 0 Q 8] 1}

Populus tremuloides . tr 0 fr [}l §]

UID bark . 6 2 S 6 !

Salix spp. A 17 0 i f] 56

Salix bark . r 4] 9} O +

Identifiable shrubs and trees’ 1 0 tr r 0

12
wn
t2
o
~

Total shrubs and trees

' Identifiable Forbs: Draba sp., Gallium boreale, Potwntilla spp., Oxytropis spp..
Antennaria sp., Senecio sp.. Solidago vikonense

7 Identifiable shrubs and trees: Picea spp.. Pinus contorta, Sheperdia canadensts,
Amelanchicr sp..

tr Species occurence less than 0.5% of the diet

** Principal wanter forage



Table 13. Spearman rank correlation coefficient between habitat forage species

compuosition and estimated late winter diets of wapiti.

Habitat
Collection South Open Dense Conifer
period Slope Aspen Aspen Regeneration
Winter r 0.538 -0.150 -0.100 0.254
1988 test 2.119% -0.502 -0.332 0.871
Winter r (0.489 -0.010 0.023 0.245
1989 test 1.859®° -0.032 0.075 0.836

AP =0.030
¥ p=0.046



between February 11 and July 3 1989 (Table 14). The duration of primary activity bouts (walking,
grazing, browsing) did not differ between winter and suminer although there was a signiticam
change in the total daily time active (P = 0.02). Activity cycles within a 24 hour period were
generally determined from 1200 hrs to 1200 hrs the following day and in most cases. an cqual
number of active and bedded periods were completed during this period. The number of cycles
increased from a mean of 4 in winter to 6-7 in spring and summer (1" = 0.039). Summer bedding
periods were significantly shorter than winter periods (P = 0.0003). Although the proportions of
the day active (and bedded) tended to differ between scasons in this small sample, they were not
significant (P = 0.06S5 winter-spring, P = (.11 spring-summer).

Standing did not occur as a distinct activity in periods longer than 15 minutes. Standing
bouts were most often between S and 1S minutes and were recorded as a total for 24 hours. Bouts
shorter than 5 minutes were incorporated into the previous or subsequent activity type. Few
standing bouts were recorded during winter scans and, although differences in the daily time
standing were cvident when comparing winter and summer activities, standing gencerally averaged
lIess than 5% of the daily activity budget.

The largest deviations in day to day activity patterns occurred when movements between
foraging sites occurred. These generally took place during part of what would otherwise have been
a resting period. Simijlar  variations have been  reported  tor roe deer (Capreolus

capreolus)(Cederlund 1981) and moose (Alces alces) (Risenhoover 1986).

4.3 Fecal indicators

Fecal protein levels, corrected for ash content, were similar in 1988 and 1989 and
followed a patiern of gradual increasc in spring. During late winter 1989, levels were lower and
lagged by 5 days over 1988. Fecal protein levels were equivalent by May although the seasonal
peak and summer mean level was higher in 1988 (Figure 7).

Fecal ash levels were similar between years with spring maxima coinciding with the
period of intensc grazing activity on SS habitats. Correction for ash content in facces increased
the mean fecal protein values by 14.7% (SE =0.7) during winter, 19.2%. (S) = 1.5) during spring,
and 14.6% (SE = (.6) during summer.

The effective end of winter foraging conditions, as estimated by the spring inflection in
fecal protein levels, occurred within the first week of April in both 1988 and 1989. Radio-collared

wapiti in the TV range gencrally return to SS habitats with permanent snow accumulations. ‘This
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pesiod occurs through October, therefore wapiti on the TV range experience an effective winter

duration between 151 and 182 days. A mean of 164 days was used for camrying capacity

determinations.

4.4 Nutrient requirements and carrying capacity
Maintenance energy requirements of a typical wapiti female werc determined as the sum

of energy expenditure for cach activity and the duration of each activity. The incremental cnergy
costs for an average snow cover of 32 cm was determined to be 10% greater than the snow free
foraging cost. Baseline metabolizable energy (ME) requirements for maintenance ranged from
31.32 Ml/day to 32.33 MJ/day for low and high foraging duration, respectively. The incremental
requirement for locomotion in snow over the same range was between 0.67 MJ/d (2.1% of
maintenance) and 0.915 MJ (2.8% of maintenance). The daily incremental ME cost of gestation
was (.78 MJ/d (2.4% of maintenance) by January 1 and 4.416 MJ/d (13.9% of maintenance) by
April 1.

At high intake levels, the predicied daily digestible energy intake by wapiti on the Takhini
Valley winter range would meet or exceed requirements at both high and low biomass levels
(Table 15). However, at low biomass and intermediate and short foraging duration, daily cnergy
requirements would not be met beyond carly January.

Daily dry matter intake during winter was estimated 10 range between 3 and 5 kg DM
(1.3% 1o 2.2% of body weight) for a 225 kg wapiti. The associated maintenance protein
requircmients were estimated to range between 7.3% and 6.2% of the diet dry matter. Dietary
protein content of 5.9% in 1988 and 6.3% in 1989, indicated that dictary protein intake was
marginal 10 inadequate. Protein nutrition was adequate only under the highest intake levels and
diet composition was high in browse and/or sage during late winter.

The carrying capacity of the Takhini Valley winter range was calculated to exceed current
and historic population levels of 50 individuals (Table 16). The DA and CR habitats could support
the highest number of animals on the winter range based on total range supply of either energy
or protein. However, the biomass of these habitat types was dominated by a single browse species
and so they would be of limited value because other dominant forages were not available. The SS
habitat was the least abundant but had the highest area specific nutrient density of any habitat
type. Based on arca specific energy content, SS habitats were 39% more productive than DA

habitats and 63-65% more productive than CR or QA habitat types. Similarly, SS habitats were

39



40

“B6'S 0 £9 Wodj axejul wai0id £r12ip pasealnop G861 pue 861 Udamiag adpas PISEAIINI PUR ASes Ul UCHINPY Sioy

1A O A0 S0) ¥ 19 padesase pue uontsodwod saads £q paxil sem axTiul wajed .
(9801) SUIITA\ PUT UOSPR}] $? PRSI dNEND |

(U098 668'S "VIF'® "SLET “LSET WRL0) | Aey pue ¢f ady - | uep swawannbay {Fioua (P/[IN) S toneysad Jutpnpout

o

+8 [y tl'6t 59°LE [y t9tE (41343 O0E 60y EIN 9t or f01
vy FS8¢ 90 Ly BN o't cree 99C o't ety 91 St 6
68°0F [: RS 1v'9¢ (1843 Sttt 8L s $9¢ SL9C 081 6T 6'L
[0 G e (3%) INa ([N RLIAN] ABNNA (s3y) 2wy Findeso,
LAely  study [ dy 1 RIg 1924 | uer eusdy prg eusdy Tae ssewiolg adelo,
(L2p/TIX)Y swowannboy g |eto g A31210 pue urzjoid “1ajiowr £ip jo ayeu e

T8 0AI=HIN "2 7r7 ssmmo pre Budeso) pii 16 © PINN B8 [ 1503 51 seg “(2861) Sugqoy prie PINOLY 1 punoj st AN(INSITIp (1N W1 SIUIIJIP Jo parjipout
(L361) "I 13 sutqqoy Jo aejniio) a pue spanoditod saqy adeso] wioy PANMUIIIP £310u2 31quisadi(] oxny 3k 1t saduies Jagim no dem 10} siawasnbas o) aanelas axeiur Adssuy g ojqel



069 L0t 9i¢ 19 901
60L LYe §s¢ 89 orl
ey,

LTS v6cl 9L ¢61¢

69 oL t't 001

¢l SLI 981 4504

lYLy 08s¢ §911 $88

RIRRAN| uadsy uddsy adogs

Bhi{ii{ve) Asu( uxdp {inos

ad4y engey

(%L9) urdtoiy

(D/IN 9°Z¢ wowdnnbas ) AS1ouy
‘(s1oqwnu fewue) Andeded Sulkue)
(RUIIN) 4d dlqeIrRAY

(BU/3%) U101 dqe|mAy

(eu/3y) ssewiorg
(ey) vOse [RIOL

HUXCYO=HIN %08 J0 12491 uonezinn 23105 ¢ WA SKBD £ Jo 19iutm e Suunp poddns Aews 1RlYRY yord
3

SIPUHUE JO JoQUINU [E10) 241 SB POALIAP SJIBWINSA Aoeded Suliue
[Pl swwawannbay feunue o) aanegar aducs L e

D 'PAPNIIUL OSIE SEA MOUS Ul U

WO 10] wowaanbas £310un

A WURNEL 21 uo uead pue £310u0 Jo Supgeimay 91 YRl

41



5.0 Discussion
5.1 Range attributes
5.1.1 Forage biomass

Forage biomass on winter ranges in the Yukon is lower than on other North Ameriean
wapiti ranges. Mean levels of biomass ranged between 112 and 242 kg/ha and were not ditterent
among habitats. Similar levels were confirmed in a subsequent investigation (Bailey  and
Willoughby 1990). Forage biomass on other wapiti ranges varies widely with habit type and
with season. Nictfeld ( 1983) found biomass values exceeding 1000 kg/ha in the aspen boreal torest
of central Alberta. Wapiti have successfully colonized an arid shrub-steppe envitonnent where
grassland forage production ranged between 230 and 2330 kg/ha although 89% ot the erasstand
habitat supported a forage biomass of 800 kg/ha or greater (McCorquodale 1991, Sty
Hudson and Nietfeld (1985) reported biomass values for grassland habitats in the aspen parkband
of 2300 kg/ha. Watkins et al. (1991) reported between 840 and 935 Kg/ha tor heavily prazed
upland habitats of G2 same range.

Critical lower limits of forage production are required 1o maintain dry matter intake and
have been assessed for deer, wapiti, and caribou (Wickstrom et al. 1984, Trudell and White 198 ]
Hanley and Mckendrick 1985). On ranges where forage is below these limits, ¥ matter intake
declines as compensation normally achieved through increased feeding duration, hite yate, or bie
size is incomplete. At tow biomass levels caribou (or reindeer) restrict almost all active tme 1o
foraging whereas an increasing amount of search time is used under more tavourable conditions
(Trudell and White 1981). Smaller ungulates are better adapied 1o tow hiomass ranges because
of lower absolute forage requirements despite a higher weight specific requirement. Wickstronn
ct al. (1984) speculate that this relative difference may have contributed 1o the Lailure o1 wipi
introductions in Alaska. McCorquodale et al. (1991) suggested that 600 to 800 kp/ia were the
range of apparent minimum levels of forage production required o maintain wipiti.

For biomass levels between 200 kg/ha and 500 kg/ha, forage consumption rates ol wapin
decline to S or 6 g/min (Collins ¢t al. 1978, Wickstrom et al. 1984, Hudson and Nictteld 19%5,
AL this intake rate, wapiti would need 1o forage in excess of 12 hours/day 16 et st
maintenance requirements. Wapiti in the Yukon foraged on average 9.4 hours/day (tange /9 10 ~
hrs) during winter at forage biomass levels of 242 kg/ha (145 - 339 kg/hay on' SS habitats. Intib.c
rates of 8.0 g/min would be required to maintain an average daily intake of 4.5 kp forage dr

matter. Thercefore. the apparent requirement of increased foraging duration was not observed o
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winter ranges in the Yukon. In specific cases where longer than average daily foraging durations
were recorded, wapiti moved discrete foraging sites rather than increased foraging duration. This
movement occurred at the expense of hedding rather than foraging time and has been observed
elsewhere for wapiti and other ungulates (Cederlund 1981, Risenhoover 1986, Watkins ot al.
1991).

The apparent discrepancy between daily foraging duration in winter and the available
forage biomass for wapiti in the Yukon may be a consequence of the forage distribution and
physical characteristics. Hudson and Watkins (1986) found that wapiti foraging rates were slower
but bites were larger when consuming cured ratner than tresh vegetation. Foliage teaded 1o release
from the leaf base rather than the biting point as was common for summer vegetation. This
relationship therefore is likely to be more representative of winter than other relationships derived
from wapili foraging during summer (Collins et al. 1978). Under snow-free conditions, herbivores
may forage more selectively, enhancing the differences between habitats because of selection for
forage species or plant parts. However, when selectivity is reduced by snow cover. bite sizes are
likely to be more consistent and a function of plant morphology. Goodson et al. (1991) found that
differences in bite size and the proportion of green forage in bighorn sheep (Ovis canadensis) diets
from 2 different habitats were eliminated with snow cover. The relationship between biomass and
intake is inconsistent in forested habitats (Hudson and Watkins 1986) or when forages at low
biomass levels are consumed (Trudell and White 1981, Wickstrom et al. 1984). This inconsistency
may be the consequence of forage distribution on the winter range. Forage that is dispersed in
clumps is more available at equivalent biomass levels than are evenly distributed forages (Arnold
and Dudzinski 1967, Hudson and Nictfeld 1985). Therelore, in the Yukon wapiti may forage at
an cffectively higher biomass when cratering on clumped forages of the winter range. Although
the most productive SS grasslands are more than 50% unvegetated (Mean = 52.6% . N = 80), the
most productive and heavily used grass species (purple reedgrass) grows from a central root mass
or tussock. Tt 4ppears that wapiti are therefore able o select among patches or individual tussocks
to forage. in effect. at a higher biomass level. The largest portion of wapili foraging activity and
apparent dizt is concentrated from within a single habitat type and within the same forage stratum
where this forage is predominant.

Forage biomass could be limiting if regencration habitats are available in the absence of
south slope or other productive grasslands. Adjacent mature forests appcared to have few of the

preterred winter Jorage species and with the exception of some forbs. biomass also appeared o
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be lower than the more open grassland and regeneration habitats,

5.1.2 Forage phenology and nutritional value

Concentration on winter range during carly spring and subsequent movement to
transitional ranges arc common hehavioral strategies for wapiti (Knight 1970, Baker 1982,
Morgantini and Hudson 1989). Increased forb consumption carly in this transition period s
essential to ending winter forage restriction and 10 meeting the increasing nutrient demands of
gestation or antlerogenesis. Emergent plant tissue is high in energy and CP but the available
biomass of new tissue is limited cither by growth habit or, in the case of some forbs and
graminoids, dilution of the new green foliage by the previous years growth (Hobbs and Sopwart
1984). Therefore. the opportunity to improve the carly spring dict through selective foraging is
limited and diets continue to be dominated by staple grasses and shrubs. This was similarly noted
by Hoefs (1975) for Dall sheep in the Yukon.

Foraging patterns changed during spring green-up, with greater scarch intensity and
increased foraging duration at the cxpense of bedding periods. Wapiti concentrated foraging
activity along the receding snow line and on open patches (also Hanley 1982). a thine when
cratering activity has stopped almost completely. The initial foraging cffort during green-up was
concentrated on the relatively robust newly emergent crocus (A. patens) flower stalks. followed
by other forbs, graminoids. and emergent browse foliage in sheltered sites. ‘The dense Carex spp.
and Poa sp. "grazing lawns" common on sheep ranges (Hoefs and Cowan 1979) were limited in
extent, although heavily used where available. These features were highly attractive to wapiti. as
the older lignified sedges are removed and the high quality new growth is completely availabie,
Poa cusickii was also highly attractive in early spring due to a similar growth habit.

Goodson et al. (1991) suggested significant nutritional benefits of green-up were often
delayed beyond the peak of diet quality resulting from an apparent plateau in foraging effort
However, the short lag between the emergence of new green foliage, foraging behavioral response.
and increasing fecal protein levels, would suggest otherwise. Fecal protein levels remained
relatively constant through winter, gradually increasing within 1 10 2 weeks following the
emergence of new growth on the SS habitats. Seip and Bunnell (1985) found that a 7-10 day
advance in phenology on burned relative to unburned range was evident in fecal protein levels for
stone sheep (Ovis dalli stonei). Although calibration of fecal protein levels with dictary intake is

controversial (I.eslie and Starkey 1985. 1987, Hobbs 1987, Robbins ¢t 4l. 198T7a), it is a sensitive
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index to winter/spring dict transition and increasing diet quality (Morgantini and Hudson 1989,
this study). The nutritional advantage from high quality forages in phenologically advanced habitat
types is gencrally short lived as, by May (mid May in the Yukon), the quality of forages in other
habitats is also increased (Hobbs and Sopwart 1984). However, this short lived advantage of
advanced phenology can be significant in the carly adaptation of rumen microbial populations in
the shift to higher quality summer forages (Freeland and Janzen 1974, Westoby 1978). A shift in
foraging rather than habitat on the winter/spring range may be critical to the survival and

population growth for wapiti on northern ranges.

5.2 Resource-use behaviour

5.2.1 Habitat selection
Habitat selection patterns for wapiti in the Yukon were consistent within seasons and

between years. During the winter and 2 spring periods covered in this study, female wapiti relied
on SS habitat types as occurs elsewhere within mountainous wapiti ranges (Lovaas et al. 1966,
Knight 1970, Sweeney 1975, Ward et al. 1975). The use of southern exposures has been attributed
to physical and biological variables as well as increased quantity and quality of relatively available
forage (Mackic 1970).

In most of the northwestern United States, wapiti winter range is dominated by bunch
grass communities (Knight 1970, Sweeney 1975, Houston 1982, Skovlin et al. 1983, Thomas ¢t
al. 1988). European red deer also preferentially select grassland habitats among forested winter
ranges (Welch et al. 1990). In boreal forest habitats of Alberta, wapiti selected for grassland and
wet meadow habitats although these were of a smaller micro-topographic scale than was sclected
by wapiti on western rangelands (Gates and Hudson 1981, Nietteld 1983, Morgantini 1988). When
snow accumulation increased beyond 30 cm, forested subunits became increasingly important to
wapiti in Alberta. Similar shifts have been documented in Saskatchewan (Hunt 1979) and in
Manitoba (Blood 1966. Rounds 1981). Wapiti appear 1o increase the level of dietary browse in
torested habitats although, where available, they preferentially select grasslands, shrublands and
recent burns as winter range (Rounds 1981). Selection of grassland winter range is consistent with
wapiti preference for grass or grass dominated mixed diets. Hobbs et al. (1981) found that wapiti
in Colorado sclected among habitats to provide a mixed diet that contained 50% or more grass
forage. Wapiti in the Yukon also utilize mixed diets in winter with similar proportions of

gramincous forage and browse and shrubs.
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The SS habitat was the only type actively selected by radio-collared wapiti during winter
and spring. Other habitats were cither avoided or used in proportion to their availability. Almost
50% of the radio-collared animal locations were associated with SS that constituted 94 (S8S ha)
of the 9955 ha winter range. The extent of the winter range is an important and pechaps primary
determinant of carrying capacity (Skogland 1986) and must he critically evaluated it estimates are
to have meaning. For example, if Hobbs et al. (1981) had not qualified their estimate of winter
range extent (6000 ha) for wapiti in Colorado, with the subsequent estimates of winter range as
4000 ha and "primary" winter range as 2000 ha (Hobbs ¢t al. 1982). the population would have
differed substantially with their estimated carrying capacity rather than the general agreement that
was found.

In this study, the vegetation polygon boundary of the outer-most animal location was used,
rather than the animal location itself, to determine the extent of the range. This slightly expanded
the range bounds to include a larger proportion of the CR habitat type. This was considered
reasonable given this covertype was used frequently by wapiti, particularly when associated with
SS habitats. However, the additional area may account for the lack of statistical significance in
the selection for the CR habitat type.

Radio-collared wapiti were used to assess habitat selection, primarily to avoid sightability
bias (Biggins and Jackson 1984, Samucl ct al. 1987, Thomas and Taylor 1990). Although the total
number of radio-collared animals was small. 3 in the first year and S in the sccond year, all were
female and the remaining mature females in the population (9 in 1988 and 4 in 1989) were often
closcly associated with the marked animals. The low number of marked individuals may have
violated assumptions regarding statistical reliability (Alldredge and Ratti 1986, 1992). However.,
this group was well represented because of the association of the animals and that a retatively
large proportion of the female population was marked.

The location of radio-collared animals within groups was common during the winter
period. To avoid potential dependency problems, a single location point was used for marked
animals within a group (Alldredge and Ratti 1992), Dependency among successive locations or
auto-correlation can also invalidate the conclusions of habitat selection tests (Dunn and Gipson
1977, Byers et al. 1984). A minimum location interval of 48 hours is commonly used in habitat
sclection studics on large herbivores (McCorquodale 1987). When shorter relocation intervals are
selected (eg Carson and Peck 1987, Kufeld ¢t al. 1989), the criterion of accessability of the entire

range within that interval has been used (Ieptich and Gilbert 19%9). In this study, no difterence
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was found when habitat sclection was evaluated using cither 48 hr or 24 hr location intervals.

consequentdy the latter sampling interval was used for the analysis.

§.2.2 Snow as a limiting factor

Snow cover is an imporant factor governing winter habitat selection and range use by
wapiti. Selective foraging by ungulates is reduced and the foraging cnergy cost is increased
exponentially with snow depth (Parker et al. 1984, Wickstrom et al. 1984, Dailey and Hobbs
1989). However, snow-free winter ranges are subject to reductions in forage quality from
weathering and nutrient leaching (Tukey 1970, Hobbs et al. 1981).

Hanicy and McKendrick (1985) found that deer wintering on the islands of southeastern
Alaska, faced a significant decline in forage availability following a 3 week snow accumulation.
Similarly, resource limitation was greater for white-tailed deer and wapiti during winter, based
solely on snow distribution (Jenkins and Wright 1988, Jenkins 1985). Winter foraging by wapiti
is influenced primarily by snow depths and available forage biomass, often resulting in the
sclection of south aspects during winter. Snow depths between 45 cm o 60 em caused wapiti to
seek shallower depths, while forage availability determined the wintering location (leege and
Hickey 1977). Similar response depths of 40 cm 10 46 cm cause a shift to more exposed winter
range (Beall 1974, Sweeney 1975, Adame 1982). Sweeney (1975) suggested that depths in excess
of 70 ¢m were critical, eliciting an avoidance reaction. In Alberta boreal forest habitats, wapilti
respond o snow depths above 30 em by moving from grassland and mcadow habitats to more
heavily forested sites and forest margins (Gates and Hudson 1981). Because extensive grasslands
or wind swept habitats were not available within this forest complex. a shift in foraging habitat
to more gvailable forage sources, such as browse, was observed. Increasing dietary browse or
shrub components as availability of graminoids decreases has been noted for other wapiti
populations (Sweeney and Steinhoff 1976, Nelson and Leege 1982).

Long term snow cover information obtained from the Whitchorse airport weather station
(AES 1991) was representative of the TV wapiti range. Two different sources of snow
information, month ¢nd snow depth and a forested snow course, represented snow depths in open
and regeneration habitats, respectively. Mean month end snow depths from exposed sites for 40
years of record were 31, 30, 22, and 3 cm for January through April. Snow depths in regeneration
habitat types were 42, 47, 46, and 9 for the same months. Snow depths measured on the TV range

veritied that exposed SS habitats retained about half of the mid-winter snow cover found in aspen
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and conifer regencration habitats. (These were 13.0 cm and 20.7 ¢m for S8 habitats in 1988 and
1989, and 25.2 [SE = 2.5] in 1988 and 41.1 [SE = 2.2} in 1989 for regenceration habitats.) Periodic
deep snow winters occur at approximately 10 year intervals, where snow accumulation may attain
65 cm in regencration habitats. In 45 years of recorded snow depths, only nine had accumulations
higher than 40 cm and one with accumulations greater than 65 ¢m measured in arcas cquivalem
10 SS habitat types. Therefore it appears that, on average, snow accumulation would not cause
undue hardship to wapiti in the Yukon.

The incremental cnergy cost to wapiti foraging at snow depths of 30 em were estimated
1o be 10% based on lincar regressions presented by Parker et al. (1984). Wapiti in the Yukon were
observed to forage at a relatively consistent and brisk pace both in winter and in spring when
grasslands were snow free. Because of the relatively low forage biomass and clumped distribution
of winter forages on Yukon ranges, foraging travel rates should remain relatively high. Wickstrom
ct al. (1984) demonstrated that increased rates of travel were required when forage biomass
decreased. Foraging travel rates were estimated between 3 and S m/min based on forage bionass.,
This estimate was nearer the 1.1 m/min rate of travel for winter ranges found in Alberta by Gales
and Hudson (1981) than the 20 m/min to 120 n¥min locomotion rates evaluated by Parker et al.
(1984). Using the higher travel rates and the relative sinking depths, the exponential function
developed by Parker et al. (1984) predicts an increase locomotion costs of 54% for sinking depth
of 32 cm instead of 10% found for the much slower rate. It appears that the exponential function
is more relevant 1o energy expenditure in flight responses and long movement through fresh snow
rather than movement associated with foraging. Travel costs on snow covered winter ranges niust
be cvaluated carefully. Although foraging energy costs are increased, ungulates adapt by travelling
slower (Mattfeld 1974 cited in Parker et al. 1984) and therefore the influence on total Cnergy cost
is small (Hobbs 1989).

Although snow accumulation on SS habitats should incur only limited increased energy
cost (10% increase in locomotion cost and 2.2% increase in the total energy requirement)
increased snow depths o 58 cm, as would be encountered in regeneration habitats, would increase
the energy expenditure for locomotion by an additional 10% over the S8 increment (Pasker of al.
1984). Regeneration habitats have fewer preferred forages and with increased energy cost of
foraging, they would become a nutritional liability. Wapiti in the Yukon are probably forced o
rely on the SS habitats because of limited foraging returns in other habitats. Restriction (o

portion of the range from snow cover can result in the depletion of preferred forages, forcing
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herbivores to rely on more abundant lower quality forage. Biomass is an imponant determinant
of the ability of grazing herbivores o compensate for snow cover and forage burial. Scip (1983)
suggested that on northern winter ranges, Stone sheep experienced absolute shortages of food
when snow restricted foraging activity, Similar restrictions have been observed for wapiti, deer,
and caribou because of deep or heavy snow pack (Severinghaus and Cheatum 1956, Telfer 1970,
Prescott 1974, Telfer 1978, Adamczewski et al. 1988). Under these conditions, progressive

defoliation of available and palatable species severely limits annual forage carryover.

5.2.3 Forage selection

Temperate and arctic ungulates characteristically consume a limited number of key or
staple forages during winter (Hoefs 1975, Hobbs et al. 1981, Dailey et al. 1984) cven though they
may frequently sample other forages. Dietary sampling also occurs in summer or on snow free
winter ranges, where maximum discrimination is possible, resulting in diets that often include
species contributing little to the nutrient balance (Collins et al. 1978, Hoefs 1975. Hobbs et al.
1981). Sampling has been viewed as an important strategy used in assessing the relative foraging
profitability of other habitats (Ellis et al. 1976, Robbins 1983:325).

Winter diets of wapiti in the Yukon were correlated with the dry weight production of
plant species on SS grasslands and, although other habitats selected by wapiti contained preferred
forages. they were usually a single species. Moreover, consumption of high proportions of
graminoids and sage indicate they were principal forages even though they may not be, by
definition, preferred or selected (Petridies 1975). Forage species composition of the winter and
spring dicts of wapiti were very similar to the principal forages selected by Dall sheep in the
Yukon. Over an annual cycle Hoefs and Cowan (1979) recorded 110 plant species used by sheep
but 4 provided more than half of the annual diet (51.2%). Using the bite count method they
determined that Artemisia frigida, Carex filifolia, Calamagrostis purpurascens, and grayleaf
willow (Salix glanca) constituted between 61.9% and 68.3% of the winter diet, and considered
them to be "siable” forage species. These same 4 species were "stable” or staple forages for wapiti
in the TV range. With the exception of wheatgrass (Agropyron yukonense) comprising between
4.0% and 9.5% of tiie winter diet, the remaining species consisted of forbs and grasses cach
constituting 2% or less of the recorded bites in Dall sheep diets.

Wapiti winter ranges were rarely snow-free and therefore cratering through moderate snow

depths was required. Foraging in SS habitats, with a relatively higher available biomass. would
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improve the foraging efficiency (intake per unit time). Wapiti may have been able (o turther
improve foraging efficicncy by cuing on exposed culms of Calamagrostis purpurascens 1o aid in
location of the basal foliage and thereby decreasing search effort. Ungulates are also apparently
able to detect volatile oils (Bergerud and Nolan 1970, Helle 1982 cited in White {1983 from
beneath snow cover. Wapiti appeared to use this ability when scarching for Artemisia frigida as
they were observed pushing noscs along the snow surface and stopping to crater on this species.

Artemisia frigida comprised a major proportion of the winter diet in both 1988 and 1980
Although not commonly reported as a forage species of wapiti (Kufeld 1973), it is importam in
the winter diets of mule deer, bighorn sheep, and antelope (Cooperider and Bailey 1984, Dall
sheep in the Yukon took up to 29.6% of the foraging bites of the winter dict as Artemisiu frivida
(Hoefs and Cowan 1979). The relatively heavy use of this species, determined by the bite coumt
method, is noteworthy as it is apparently overestimated using the fecal analysis technigue (Gill
ct al. 1983). Plant fragments for this species are easily recognized and relatively abundant in
rumen and fecal contents (Howard and Samucl 1979). Experimental work on deer conducted by
Gill et al. (1983) suggested that Artemisia frigida was overestimated by a factor of 4 when
consumed at approximately 6% of the foraging bites. However, when it composed 32% of the
foraging bites, it was marginally lower than was estimated by fecal analysis. Although drantic.
these differences were inconclusive and additional calibration of the fecal anatysis technique is
required. Error in their work was introduced by not correcting for the different bite weights of
grasses and forbs. Differences may have been introduced as a result of the higher dry mattes
intake of forbs reiative to graminoids, as was demonstrated by Trudell and White (19%1) for
reindeer. Although further experimental work is required fecal analysis appears to be i reasonable
indicator of winter diet quality, when the error associated with differential digestibility s
minimized.

Spring dicts continued to include substantial quantitics of Calamagrostis purpurascensy i
Artemisia frigida despite intensive foraging on emergent forbs. Hoefs (1975) noted during preen
up on exposed grasslands (in April) sheep continued to select these two species to SO% of the diet.
This was also evident in the TV, where new growth in Carex spp.. Calamagrostis purpurascens
and Artemisia frigida was initiated on the dormant plants or on existing cured tillers, The result
of older foliage being consumed as wapiti or sheep foraged for new growth would be in eftect a
dilution of the new plant tissuc.

Dried browse foliage was consumed in winter when it remained attached 10 shrubs or
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where leaves had been caught on conifer foliage. This was also the case for Dall sheep, moose,
and wapiti consuming Salix spp. and Populus tremuloides foliage (Hoefs 1975, Hobbs et al. 1981,
Gates and Hudson 1983, Nietfeld 1983, Renccker 1987). Risenhoover (1987) found that moose
in Alaska, occasionally sclected cured foliage where attached to browse stems, but amounted to
less than 1% of forage biomass consumed between January and April. Browse foliage taken from
the ground and as they cured on current annual growth twigs, were among the lowest quality
forages cvaluated. Although including browse foliage as available forage would result in a
substantial increase in the standing crop for regeneration habitats, fallen cured foliage was lower

in nutritional quality than any forage ¢xamined.

$.2.4 Forage and diet nutritional quality

Wapiti are one of the most adaptable mixed feeding herbivores in both behaviour and
morphophysiology (Hotmann 1985). Kufeld (1973) summarized a wide variety of forage species
consumed scasonally by wapiti. Winter dicts of wapiti in the Yukon were extremely diverse with
roughly cqual proportions as graminoids, forbs and browse. Each group has variable levels of
nutrients but also compounds that could impair the nutritional quality and consequently their value
10 wapiti. The interaction between growth form and winter weather are important determinants of
the stability of nutrients in forage. The quality of forage species on winter ranges in the Yukon
was assumed to be relatively stable because of the insusating influence of snow cover that prevents
nutrient leaching (Tukey 1970). Hobbs et al. (1981) noted that on snow free winter ranges,
forages declined in quality although wapiti were able to maintain stable nutrient intakes,
presumably by varying species composition of the diet. Because of the relatively limited species
availability on the winter range in the Yukon, much of the nutrient intake of wapili is a function
of few available species.

‘The digestible energy of forages consumed by wild herbivores is rcgularly assessed using
the in vitro microdigestion technique (IVDMD) (Ward 1971, Oldemeyer et al. 1977, Milchunas
ctal. 1978, Hobbs et al. 1981). This technique is considered accurate on grass hay diets (Baker
and Hansen 1985) but it has been found to both over and underestimate in vivo dry matter
digestion of other forages (Mould and Robbins 1982, Hjeljord et al. 1982). Robbins ct al. (1987b)
suggested aspects of ruminant digestion are poorly mimicked using in vitro digestion techniques.
Specifically, the differences included absorbtion and differential flow of fibrous, volatile, and

soluble torage materials from the rumen, extensive dilution of allelochemics, addition and mixing
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of saliva. and the diffcrence between solubility in vitro and absorbability in vivo,

Estimated digestibility differed between the in vitro and in sit digestion technigues for
different forage classes similar to the findings of Person et al. (1980). Graminoid digestibility was
higher by in vitro digestion while shrubs and browse were higher using nylon bag cstimates. Other
work has determined that low quality grass dicts were predicted more reliably using the in viro
technique but as the forage quality increased, the in situ technique was a better predictor of i vivo
digestibility (Monson et al. 1969). Vigourous digestion of higher quality diets would result in
more rapid accumulation of metabolic end products causing an carlier depression of digestion for
in vitro systems. This may also be the case for the differences observed in the browse digestion
trials of Hjeljord ct al. (1982). Although the 2 techniques are known to approximate cach other
(Mould and Robbins 1982) and digestibility estimates varied in magnitude depending on forage
class, in situ digestion estimates were consistently higher than in vitro.

The higher apparent digestibility for browse and sage using the in sine technique may be
associated with sample processing. Browse samples were re-ground using a 20 mesh screen to
reduce sample heterogencity, resulting from the presence of larger stem fragments. Greater escape
of indigestible fragments may have spuriously elevated the in site DMID determinations. Person
ct al. (1980) also found that DMD of browses tended 1o be higher using this technique (also using
a 20 mesh screen). The NBDMD for Artemisia frigida may have been high for reasons simtila
1o browse twigs although the IVDMD digestibility was also high relative 1o published estimates
(Milchunas et al. 1978, Cooperrider and Bailey 1984). The potency of digestion inhibiting terpenes
in this species may have been reduced through volatilization during drying and processing
(Robbins 1983:245) as all forage species were similarly processed. ‘The correlation between
microdigestion techniques for sage suggest both techniques are measuring similar aspects of
digestion.

Senescent grasses and winter twigs are generally considered to be low in secondary
compounds (Rlwades and Cates 1976, Bryant ¢t al. 1983). Wapiti dicts in the Yukon are low in
these compounds with the exception of terpenoids in sage. Crude terpenoids reduce IVDOMID of
big sage brush (Artemisia tridenta) (Striby et al. 1987). Cluff ct al. (1982) observed a large
difference between rumen levels of monoterpenoids and levels predicted from the plant species
consumed by mule deer. Adaptations may exist for the consumption of forages with high
proportions of essential oils although they contribute little to the energy budget hecause of high

urinary losses (Harris et al. [1959] cited in Nelson and Leege [1982]). There is some CONTOVErsy
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regarding the in vivo influence of secondary compounds. They are known to be bacteriostatic
(terpenes) and to complex bacterial and other protein (tannins) in vitro but in vivo reductions in
fibre digestion have yet to be demonstrated for deer or other ruminant species regularly consuming
such forages (Mould and Robbins 1982, Robbins et al. 1987b). Detoxification of secondary
compounds such as tannins may occur as carly as the processes of mastication and insalivation
(Burritt ¢t al. 1987). Provenza and Malechek (1984) measured a S0% reduction in the tannin
content and higher IVOMD of oesophageal extrusa relative to the original browse consumed by
goats. Solublization and the potential retention of the reflex closure of the ventricular grove in
adult animals (Church 1988:32, Hofmann 1989) and production of salivary binding proteins
(Hagerman and Robbins 1987, Austin et al. 1989, Robbins et al. 1991) are mechanisms potentially
cnabling herbivores to regular’> consume forages high in secondary plant compounds.

Detoxification of sage would make it an abundant source of crude protein and energy for
wapiti in the Yukon. Protein forages otherwise occur as relatively disparate Anemone spp. and
browse CAG. Browse CAG in this study had lower levels of fibre and was more digestible than
similar species in Alaska (Oldemeyer et al. 1977, Risenhoover 1989). Differences in browse
quality on wapiti range may be attributable, in part, 10 growth habitat. Because precipitation is
relatively low and sites are located in upland habitats, slower growth due to moisture limitation
may have resulted increased carbohydrate production and decreased cell wall lignification as
suggested by Van Soest et al. (1978).

‘The nutritional quality of browse foliage was relatively low. Protein content of yellowing
Salix spp. was similar 1o current annual growth twigs, whereas leaf litter digestibility was among
the lowest for any forage examined (41%-43%, unpubl. data). Nutritional quality was similarly
low for winter foliage in other studies (Renecker and Hudson 1988, Kliein and Bay 1990). Given
the relatively poor nutritional quality of old browse foliage and decper snow accumulation in
regeneration habitats, where foliage biomass is highest, foliage is not an important winter forage
tor wapiti in the Yukon,

Despite the low protein content of C. purpurascens, wapiti (and Dall sheep) used large
proportions of this specics as a staple winter forage. This is most likely a conscquence of the high
biomass and low lignin content and with sufficient protein otherwise available, C. purpurascens
would provide a large proportion of dietary digestible energy to wapiti.

Fibre analysis has been used to estimate forage digestibility with reasonable success (Van

Soest 1967, Renecker and Hudson 1988, Von Keyserlingk and Mathison 1989). In vitro digestion
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trials often report dry matter disappearance values lower than is suggested by the friactions of
apparently digestible fibre (Hobbs ¢t al. 1981, Schwartz and Hobbs 1985) or they report values
that vary from the true digestibility at different rates (Hjeljord et al. 1982). Digestibility estimates
from in situ trials more closely resemble the composition of soluble, stowly degradable and non-
degradable fractions in forages (Von Keyserlingk and Mathison 1989) and although some have
found in situ to be accurate (Monson 1969, Neathery 1972). in other cases variability has reduced
the reliability of this technique (Milchunas et al. 1978, Van Soest 1982:94).

In vivo digestion of the cell soluble fraction is essentially complete (Van Soest 1982:80),
However, the apparent digestibility, determined as the difference between dry matter and NDI-
digestibility (Van Socst 1967), is considerably lower than is suggested in vivo., A number of values
for soluble fraction digestibility have been considered. Robbins et al. (1987b) determined a loss
of 16 g/100 g soluble fraction, based on a combined regression using the NDFE digestibility for
grass, legumes and browse stems fed to deer. Estimates of fibre dry matter digestion, il accurate,
arc considered true digestibility because there is no structural fibre of metabolic origin (Van Soest
1982:45). The remaining fecal dry matter is composed of the indigestible components of the
soluble fraction, metabolic fecal dry matter, and endogenous losses. Soluble fraction digestibility
varies with true forage digestibility for wapiti and deer (Mould and Robbins 1982, Robbins ¢t al.
1987b).

Prediction equations for the digestibility of both fibre and soluble fractions of 1 range ot
forages typically consumed by mule deer and wapiti were contrasted with the in vitrolin sitm
results of this study. The formulae of Mould and Robbins (1982) and Robbins of al. ( 1O87b)y were
modified to reflect the differences in NDF digestion between wapiti and mule deer (Mould and
Robbins 1982. Baker and Hansen 1985, Baker and Hobbs 1987). As soluble fraction digestibility
is similar for both species, the estimation formulace for this fraction were not altered (Baker and
Hansen 1985, Baker and Hobbs 1987).

Although the prediction equations suggest the DMD of grass forages could be higher, the
agreement of other forage classes with microdigestion results suggest a realistic assessment can
be made based on forage fibre fractions. Differences observed among graminoid species are most
likely attributable to relatively slower digestion of the slowly degradable fraction and the low
protein content. Renecker (1987:92-93) found asymptotic digestibility 6 be higher and relative
digestion rates lower for timothy-brome hay relative to alfalfa or aspen twigs fed to wapiti, moose,

and cattle. /2 vivo competition between digestion and passage limit the rumen residence time of
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slowly digested forages and ultimately mastication and particle breakdown would result in passage
prior to complete digestion of cellulose (Welsh 1982, Ulyatt et al. 1986). However. on mixed
dicts, a reduction in the rate of passage and increase NDF digestibility has been observed (Baker
and Hohbs 1987) suggesting digestible energy content of grass forages consumed by wapiti may

be more available than would be determined cither in vitro or in situ.

§.2.5 Diet energy and crude protein during winter

Dry matter intake varies as a function of environmental conditions, diet quality, and
physiological condition (Mould and Robbins 1981, Robbins ¢t al. 1981. Suttic ¢t al. 1983, Arnold
1985;. However, mature wapiti consume medium quality forages at a rate of about 15 to 20 g
DM/kg W or 1.5% 10 2.0% of body mass (Mould and Robbins 1981, Hudson and White 1985,
Baker and Hansen 1985, Baker and Hobbs 1987). Therefore, a 225 kg wapiti will consume
between 3.4 and 4.5 kg of forage dry matier per day. This intake range agrees with values
modelled using a relationship derived by Hudson and Watkins (1986).

SS grassland habitats produced a mean forage biomass of 242 kg/ha, ranging between 145
kg/ha and 339 kg/ha (959% Cl.). Based on foraging durations observed for wapiti in the Yukon,
energy requirements could not be met at the lower limit of forage biomass in any of the 4 habitat
types evaluated. At mean biomass levels, energy requirements of wapiti were met only on SS
habitats at the highest daily activity periods of 10.8 hours/day. The mean active duration of 9.4
hours would have been sufficient to meet energy requirements at the upper confidence limit of 339
kg/ha on SS habitats.

These variations demonstrate an important limitation in the application of forage biomass
assessments. Because forage standing crop is an important determinant of the rate at which forage
can be harvested, determination of the “effective biomass” ic biomass in tussocks rather than
uniformiy distributed. would be of value. Also, the relationship between forage biomass and forage
intake rate is predicated upon herbivores grazing uniform swaths within a forage class, and so
extrapolation to intakes on tussock form grasslands or mixed dicts of shrubs and browse requires
further evaluation. Recently, Spalinger and Hobbs (1992) and Shipley and Spalinger (1992) have
examined foraging rate as a function of cropping and chewing rate and bite size relative 1o
asymptotic intake rate. Intake rates are asymptotic when a herbivore can reach the next bite as it
is processing the last bite and then become a function of the competition between processing

forage and taking the next bite. It bite size and cropping rate are the factors determining intake
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rate. then on ranges where swards are uniform the cropping rate can approach a maximum but bite
sizes would be reduced. Conversely. if forages are clumped then bite sizes caz be maximal,
particularly in winter when tillers release from the basal rosette. However, location and cratering
for the next bite would impose a greater limit on intake. It is reasonable that wapiti would gain
a considerable advantage in foraging SS habitats over other available habitats where forage is
relatively more dispersed or, as in the case of CR habitats, select browse that is spatially
aggregated but are better protected by anti-nutritional compounds.

Dictary protein intake estimates of 5.9% and 6.3% for 1988 and 1989 were considered to
be representative of the entire winter. Snow cover would ensure minimal selectivity among forage
species and also ensure relatively consistent forage quality. Maintenance protein requireiments for
ruminants range between 5-7% (Murphy and Coates 1966, Thorne et al. 1976, Nelson and fecpe
1982). The protein requirements of wapiti in the Yukon, estimated factorially (Robbins 1983, NRC
1984), were met only at the highest intake levels in 1989, These tevels could be attained during
the longest rather than the mean foraging day duration. Therefore, under conditions expericnced
on wapili ranges in the Yukon. where wapiti may potentially forage more efficiently on forage
than is indicated by plant biomass, wapiti likely meet minimum encrgy reguirements. However,
because of obligate protein loss, only a change in ratio of high protein fo.ages could increase the
protein content of diet. Consequently, it appeared that wapiti consume diets that are marginai o
sub-maintenance in crude protein.

Digestive efficiency is a function of both energy and protein content of the diet and
deficiencies in either could result in an overall reduction in nutrient availability. Both nuirients
have been found to be primary limiting factors on ungulate winter range. Deficiencies ol digestible
nitrogen become critical when forages drop below 5% CP (Deitz et al. 1962, Nagy ¢t al. 1974,
Mould and Robbins 1981) and possibly at higher levels as well, Van Soest (1982:240, 280-251)
suggested protein intakes below 6-8% would impair the digestion efficiency due to a shortage of
N for rumen microbial functions. Cellulolytic bacteria are most commonly limited by mitrogen
shortage (Van Glyswyk 1970). Sinclair (1974) suggested that under conditions of poor nutrition:)
quality, protcin is the most critical nutrient determining animal abundance. Maintenance ot viable
rumen microbial population is essential to ensure digestive capacity during periods of nutrition:l
deprivation (de Calesta et al. 1975). Limitations in nitrogen intake could precipitate enerpy
deficiencies through a reduction of feed intake and dry matter digestibility (Weston and Hogan

1967, Leibholz and Hartmann 1972; both cited in Milchunas ¢t al. 1978).
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§.2.6 Forage selection relative to habitat selection

Hobbs ct al. (1981) found that although wapiti selected from a number of different winter
forages the quality of the winter diet remained relatively stable. They suggested that wapiti were
habitat genceralists as they selected a balance of grass and browse among a number of habitats.
Rather, during winter, wapiti in the Yukon appear to be forage generalists, at least in their primary
feeding habitat. Because the diet composition is related to forage species composition within SS
habitats, they appear to forage non-selectively on the most available forages. The other habitats,
whether sclected or not, received some foraging activity in relatively specific forage classes or a
single forage specics abundant within that specific habitat type. The 3 most heavily used forage
species on a Dall sheep winter range were also the 3 most abundant (Hoefs 1984). This form of
dictary generalism has been observed elsewhere in sheep and mountain goat (Oreamnos
americanay. also known to be mixed feeders (Keating et al. 1985, Fox and Smith 1988).

Nudds (1980) suggested that temperate latitude herbivores experience decreased plant
diversity and abundance during winter, consequently the diet is dominated by the most abundant
torages. Although Jenkins (1982) pointed out limitations in the data re-analyzed by Nudds (1980),
the thesis is reasonable and appears to follow for many northern herbivores. Sclection may,
through social factors such as experience or tradition, or through physical factors such as forage
biomass or snow cover, occur at the level of habitat (habitat specialists) whereas the diet may be
generalized, relying on the most abundant species, when the ability 10 forage sclectively is low,
This form of generalism occurs in deer or moose that occupy seasonal habitats such as winter
yards (Verme 1965, Ozoga and Gysel 1972, Crete 1989) or in species that have established

scasonal migration patterns (Hebert 1973, Baker 1982, Morgantini and Hudson 1988).

§.3 Nutritional carrying capacity

Based on the range supply/animal demand model, an assessment of the carrying capacity
ot different habitats was evaluated within the TV wagpiti range. The SS habitat types had carrying
capacitics (animal days per ha) between 45% and 125% higher than other habitats for both energy
and crude protein. The protein availability in other habitat types was lower per unit of area and
in most cases resulted in lower estimated carrying capacity. The CR habitat could support higher
overall animal numbers based on protein rather than energy, due to the prevalence of willow
browse. However, accessing this relatively abundant source of protein would be at the expense

ot increased toraging energy cost and reduced daily dry matter intake. Therefore. under winter
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conditions in the Yukon. wapiti have little alternative but to seek the largest part of their dictary
protein intake from SS habitat types. In the absence of the SS habitart type. itis unlikely that this
or other similar ranges in the Yukon, would provide suitable winter range for wapiti.

Energy was considered most critical in deer carrying capacity models (Potvin and Huot
1983, Hanley and McKendrick 1985). On snow free winter ranges, increased protein requirements
were more critical to total carrying capacity than increased cnergy cost of activity and bedding
(Hobbs et al. 1982). In this study, cither energy or protein could be lower than maintenance
requirements within the range of imakes and forage nutritional values observed. However, protein

was more likely to be limiting.

6.0 Conclusions and management implications

Wapiti in the Yukon currently exist below winter range carrying capacity even though the
winter range is relatively limited. The SS grassland habitat type is critical to the persisience of
wapiti because of relatively high production, quality. and availability of staple forages.

Protein intake was lower than estimated requirements under Yukon conditions although
within the range of 5-7% often considered as the maintenance requirement for ruminants. Dictary
protein content varied largely with diet species composition because of protein content ditferences
among the staple forages and the low biomass of alternative forage species. Wapiti were able 1o
harvest forage at levels that provide winter energy requiremients within foraging durations conmon
10 wapiti in other arcas at biomass levels lower than are documented for any other wapiti range.
Forage spatial distribution and growth habit were important factors in permitting wapiti 10 harvest
forage at rates equivalent to sites with higher biomass levels.

Wapit have been observed sporadically in locations other than the 2 current ranges but
no additonal population centres are known. The persistence of these 2 small populations in the
Yukon suggest their existing range, the complex of SS grasslands, burn regeneration, and closely
associated regeneration habitats common to both, provide the year round requirements of wapiti.
Winter reductions in forage abundance and quality are apparently mitigated through the low snow
accumulation and the relative abundance of a few nutritionally important forages. Heavy use of
Artemisiu frigida is one adaptation critical to maintaining levels of both protein and energy in the
winter diet of wapiti in the Yukon.

Spring habitat selection and diet composition varied little from winter periods with the

5%



exception of an apparently small increase in forb biomass consumption. However, the 2 to 3 week
advance in phenology experienced in SS habitats is critical to wapiti and northern ungulates in
general. Advanced phenology is patticularly critical to mature females. and population
productivity, where the added requirement of the rapidly growing fetus further stresses protein and
energy reserves. The winter and summer dict of wapiti is dominated by forages that are similar
in digestibility and nutrient quality. However, the pursuit of relatively rare but extremely high
quality emergent forages in spring is likely the only time when forage competition is evident for
wapiti on Yukon ranges. Emerging forbs are rare and eagerly "hunted” by wapiti and other smaller
herbivores. This "competition” is likely exacerbated by the relatively low productivity of northern
ranges. Until the emergence of additional forb, browse and shrub foliage occurs in late April and
carly May, wapiti are likely to be in competition for limited resources. It is during this brief
period that wapiti on winter/spring ranges may be nutritionally limited by population density
(Hobhs and Swift 1985). By increasing populations on these ranges. the rate of improvement in
spring dicts would be delayed as would the improvement in nutritional status during a potentially
critical period.

Under current conditions, extreme nutritional limitation is likely to occur cnly as an
unusual event where excessive snow depths or unusually long winter and dclayed spring increase
reliance on giminished nutrient body reserves. These events appear relatively rare on wapiti ranges
in the Yukon. However, as wapiti have persisted but not increased appreciably, in cither of the
two known population centres. for 30 or more years post liberation, periodic nutritional stress
influencing productivity could be an important co-factor to other proximal sources of mortality.
However. the tendency towards smaller body size relative to their EINP founder stock suggests
some potential for carly life nutritional restriction, although, additional data are required to
¢valuate this hypothesis.

The key role of SS habitat types in the winter and spring foraging dynamics of wapiti in
the Yukon, and the limited abundance of this habitat type, necessitate the protection of these
habitats from disposition and disturbance. In the Takhini Valley 885 ha of SS grassland cxists on
the range and based on this habitat, the carrying capacity is limited to about 100 animals. Because
the most abundant forages are also the most heavily used by wapiti any competing land use should
be evaluated based on the potential impact to SS habitats and the staple forages. Any use will
reduce the potential of this range to support wapiti. Selective use of some forage species alter the

ability of wapiti 10 obtain winter nutrients particularly protein. Reduction of Calamagrostis
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purpurascens could increase the required foraging duration or the travel distance required to
maintain energy intake. However, reduction in the availability and consumption of forbs such as
Artemisia frigida would reduce protein intake to substantially below maintenance levels. Habitas
uscd as bedding or winter feeding areas adjacent to SS foraging habitats should also benefit from
protection to ensurc that winter foraging arcas are maintained as an intact ccological unit.
Sporadic and inconsistent montality in adults and juveniles in conjunction with variable
productivity are likely to have a large influcnce in the overall population growth rate of wapiti in
the Yukon. This form of demographic stochasticity in small populations is probably the muajor
limitation to population growth. The nucleus breeding herd in cach range may be oo small to gain
reproductive momentum required to increase recruitment of young females into the population,
Management activitics are best directed toward experimental manipulation, which is to enhance
the core breeding herd in one population. and monitoring the response in manipulated and
unmanipulated populations. As population growth is monitored, range forage should be monitored

to cnsure that forage species composition and production are not adversely influenced.
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Appendix 1: Physical measurements of wapiti in the Yukon.

Reference! 1d°

130
370
550
270
190
241
460
670
410
930
YY
570
3 1055
1092
1105

3]

Sex

Z'T','TI’T?TZTTTTT’ET“ETTTTTTTTTZZ

Age

VIVIVIVIViVIV
LN L L0 e 0 e W

—_—
—

(e

Date

(mm/yy)

10/76
10/76
10/76
10/76
10/76
10/76
10/76
10/76
7187
3/8%
3/88
3/88
3/88
3/88
3/88
3/88
3/89
3/89
3/89
7/87
12/89
12/89
12/89
1790
1/90

Hind Food
(mm)

630
625
610
620
590
590
630
550
62(0)
630
600
620
66(0)
630

580
6(0)
590
610
650
540
520
540

Total length
(nm)

1690
1450
1600
1540
1570
1560
1660)
1220
14658
1560
1510
1580
1570
1630
1580
1530
1460
1550
1540
1640
1290
1190
1250

Weight
(kg

290

243
RETH)
a7
20
254
10Y
213

218

210
210
203
RET
220
16O
213
228
113

I Reference No. 1 = Hoefs 1980, 2 = this study, 3 = calf mortality study 199()
2 Unique animal identification number or radio-collar frequency



