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Abstract
In northern temperate environments, assessments of ungulate winter range in forested ecosystems commonly focus on measuring availability of

browse because the dietary proportion of browse is typically high in winter. In many cases, these efforts ignore reductions in browse availability due

to snow burial because this effect is difficult to measure. In this paper, we show how consideration of snow burial can alter the relative availability of

browse in 6 forest communities common in the east slopes of the Rocky Mountains of the Alberta, Canada. We developed species-specific

allometric relationships of stem diameter and woody twig biomass and height for the common shrub species and used these models to predict the

decline in the proportion of total biomass/stem available to ungulates relative to stem height. Based on measures of stem densities, we then

compared declines in browse availability for all browse species and for preferred browse species with increasing snow depths. Species

compositional differences between forest types influenced the decline in browse availability as snow depth increased. Our stem-based approach

is more flexible than previous plot-based approaches because it does not assume a distribution in stem heights but uses local information.

Adjustments in browse availability are essential in habitat and food selection studies of ungulates where snow accumulates
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1. Introduction

In northern temperate systems, the proportion of woody

browse in the diet of many ungulate species increases with snow

depths (Gaffnay, 1941; Jenkins and Wright, 1987; Cook, 2002).

Increased use of browse has been attributed to the relative decline

in access to herbaceous forage as snow accumulates and the

energetic cost of searching and pawing for herbaceous forage in

snow (Parker et al., 1984; Fancy and White, 1985; Dailey and

Hobbs, 1989). As a result, assessments of winter ranges and

studies of food and habitat selection by ungulates typically focus

on measures of browse availability (Collins and Helm, 1997;

Dumont et al., 1998; Morrison et al., 2002; Skovlin et al., 2002).

Availability of browse may differ under changing snow

conditions and accumulation, increasing the relative importance
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of certain habitats when sufficient snow is present (Kirchhoff and

Schoen, 1987; Jenkins and Wright, 1988; McKay et al., 1988).

Field estimates of winter browse abundance are most oftenmade

prior to or post winter and ignore the effects of snow

accumulation on reducing browse availability (Dumont et al.,

1998; Morrison et al., 2002). However, snow burial can

significantly alter the relative abundance of browse among

forest communities, and therefore their value to ungulates,

depending on the composition and size structure of browse

species (Schwab and Pitt, 1987; Schwab et al., 1987; Jenkins

et al., 1990; Nordengren et al., 2003). For example, Jenkins and

Wright (1987) found an average 60% relative decrease in the

availability of browse between light and heavy snowfall years in

the vegetation communities of the Flathead River drainage of

Montana,while Schwab et al. (1987) reported that approximately

80%of browse biomasswas buriedwith 60 cmof snow in spruce

forest communities.

Although direct measures of browse abundance in winter are

rare, several indirect approaches have been developed to predict
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browse availability as snow accumulates. For example, Schwab

and Pitt (1987) and Schwab et al. (1987) assumed a linear

decline in browse availability along a stem and calculated the

proportion of the stem remaining above the snow by measuring

either the difference between shrub height and snow depth or by

counting the proportion of visible flags along a stem. In

contrast, Jenkins et al. (1990) directly measured the proportion

of biomass remaining above the snow line for 6 browse species

commonly found in the Flathead Valley of Montana, and

developed plot-based models to predict coefficients of

availability as a function of the ratio of snow depth to average

shrub height. While the approach developed by Jenkins et al.

(1990) avoids the assumption of a linear decline (Hobbs, 1989;

Hovey and Harestad, 1992), use of their coefficients of

availabilities is limited to vegetation communities that have the

same size distribution of shrub stems as occurred in the plots

they measured.

In this paper, we provide an approach that can be used

broadly across vegetation communities of varying species

composition, stem densities, and shrub heights to estimate

browse availability as snow accumulates. First, we produce

species-specific equations of woody biomass and stem height

from measures of basal diameter (Brown, 1976; MacCracken

and Van Ballenberghe, 1993). Second, for each shrub species

we provide equations of the proportion of total biomass per

stem available from the proportion of the shrub remaining

available after accounting for snow depth. We use these

relationships with measures of stem densities to quantify

changes in browse availability with snow depth in 6 common

communities in the predominantly forested ecosystem along

the central east slopes of the Rocky Mountains of Alberta.

This example illustrates how snow depth can alter the relative

value of forest communities as winter range for large

ungulates.

2. Methods

2.1. Study area

The studywas conducted invegetation communities common

in the central east slopes of the Rocky Mountains in Alberta

(528270N, 1158450W, an area of �15,000 km2) at sites between

900 and 1700 m in elevation. Summer and winter temperatures

average 12 and �7 8C, respectively, and precipitation is

approximately 500 mm a year, with an average of 175 mm of

snow falling in winter months (November–March) (Strong,

1992). From classification of vegetation based on satellite

imagery (Thematic Mapper 5), the study area consists of

approximately 39% closed conifer forest, 23% open conifer

forest, 5% dry herbaceous (including subalpine herbaceous), 4%

deciduous forest, 3%mixedwood forest, 2% shrublands, 2%wet

meadow, and 2% treed bog. Approximately 5% of the area

currently consists of cutblocks<40 years of age. The remaining

15% is composed of agricultural land, water, roads, bare soil, and

rock.

The closed conifer vegetation type is dominated by

lodgepole pine (Pinus contorta) and white spruce (Picea
glauca), while moss, hairy wild rye (Elymus innovatus), and

bunchberry (Cornus canadensis) dominate the understory and

Labrador tea (Ledum groenlandicum) is the dominant shrub

(Beckingham et al., 1996). The open conifer overstory is

similar to the closed conifer vegetation type except in low

elevation, wet areas where pine is replaced by black spruce (P.

mariana) and tamarack (Larix laricina). Willow species (Salix

spp.), bog birch (Betula gladulosa), and Labrador tea are the

dominant shrubs, while the understory layer is predominantly

hairy wild rye, and bearberry (Arctostaphylos uva-ursi) in drier,

well drained areas. Deciduous forest, consisting of an aspen

(Populus tremulodies) and balsam poplar (P. balsamifera)

overstory, generally occurs at low elevations of the study area

and the shrub layer includes prickly rose (Rosa acicularis),

white meadowsweet (Spirea betulafolia), and sapling aspen and

balsam poplars. The mixedwood forest has an overstory of

lodgepole pine and balsam poplar. Common shrubs are green

alder (Alnus crispa), prickly rose, willow, buffaloberry

(Sheperdia canadensis), and sapling aspen and balsam poplars.

The dry herbaceous grassland areas consist primarily of

bluegrasses (Poa spp.), northern bedstraw (Galium boreale),

large leaf avens (Geum macrophyllum) and prairie smoke

(Geum canadense). Dominant shrubs including primarily

prickly rose and shrubby cinquefoil (Potentilla fruticosa)

(Beckingham et al., 1996). Shrublands of the study area occur

most often in poorly drained conditions where sparse under-

growth is mostly moss, sedges (Carex spp), and rushes (Juncus

spp.) and dominant shrubs include willow species and bog

birch.

The diversity of vegetation types provides a variety of

habitats and forage for ungulate species including elk

(Cervus elaphus), moose (Alces alces), white-tailed deer

(Odocoileus virginianus), mule deer (O. heminous), and feral

horses (Equus caballus) (Salter and Hudson, 1980; Tefler,

1994). Cattle grazing is primarily limited to the summer

season.

2.2. Allometric browse relationships

We developed allometric relationships for 18 common

browse species to predict woody biomass (g/m2) and stem

height (cm) from measures of basal diameters (BD) of an

individual stems (Brown, 1976; MacCracken and Van

Ballenberghe, 1993). These relationships were based on an

average of 30 (range: 17–60) individual stems of each species

measured and collected in September of 2002 after woody

growth had terminated. Stems were collected from 4 to 7 sites

distributed widely across the study area to minimize the impact

of individual site influences and ensure the models would be

general for the area. Basal diameter of each stem was measured

with calipers to the nearest 0.01 cm, and stem height was

measured to the nearest cm from the ground regardless of stem

curvature. Biomass of twigs �7-mm in diameter (hereafter

referred to as twig biomass) were stripped within 10- (short

species) or 20-cm intervals (tall species) along the stems

depending on species (see section below). Twigs were then

separated into current annual growth (CAG) and growth > 1-
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yr-old and <7 mm-twig diameter, oven-dried at 100 8C for

72 h, and weighed to the nearest 0.01 g. We estimated biomass

of twigs �7-mm in diameter because research in this area

focused on elk and we observed that elk would eat twigs up to

this size, similar to that reported for moose (Lundberg and

Danell, 1990). We provide allometric relationships for CAG as

well as twig biomass for comparative purposes because many

studies provide estimates of CAG only. Available browse

consisted only of woody twigs with the exception of Labrador

tea, which holds its leaves throughout the year. Although

several species of willow (Salix geyeriana, S. candida, S.

bebbiana, S. exigua, S. planifola, and S. scouleriana) occur in

the study area, individuals could not be identified reliably to

species so measurements among species were pooled for this

genus.

Parameters of the species-specific models were estimated

using least squares regression and model fit assessed with the

coefficient of determination (r2). Only willow and serviceberry

(Amelanchier alnifolia) had widespread browsing in our study

area during summer and browsing was comparable across the

sites. To determine the effect of summer browsing on the pre-

winter estimates, we compared coefficients of the models for

individual stems of willow that were lightly and moderately

browsed stems. We found no significant differences in the slope

(light browse = 0.210 (0.053) and moderate browse = 0.264

(0.101) coefficient and standard error, respectively, t = 0.7263,

d.f. = 57, P > 0.50) or intercept (light browse = 7.09 (0.581)

and moderate browse = 6.47 (1.195) coefficient and standard

error, respectively, t = 0.0435, d.f. = 57, P > 0.50) of the

relationship between BD and biomass and thus report the

results of pooled data. We could not find a sufficient sample size

of unbrowsed or lightly browsed stems to make the same

comparison for serviceberry. Ignoring the effects of browsing

on this species is unlikely to affect our overall results because

the species was so rare (<1 stems/m2) in any of the vegetation

communities we studied.

2.3. Proportion of twig biomass above snow

The proportion of twig biomass remaining above a given

snow depth was calculated from the sum of twig biomass

within the 10 or 20-cm increments occurring above the snow

line divided by the total stem biomass. Therefore, the

relationship between proportion of available twig biomass

and portion of the stem height above the hypothetical snow

line was modeled using the following simple proportion

form:
P ¼ 1�
�

snowdepth

shrubheight

�
(1)

where P is the proportion of biomass remaining and snow depth

and stem height were measured to the nearest cm, when snow

depth exceeded shrub height we set P to 0. We measured plant

height independent of the main stem curvature on a shrub thus

representing snow depth from the ground along a stem. Again,

parameters of the species-specific models were estimated using
least squares regression and model fit assessed with the coeffi-

cient of determination (r2).

2.4. Browse availability within forest communities

We used the preceding relationships and equations with field

data on stem densities (stems/m2) and measures of stem BD to

estimate browse availabilities (g/m2) under different snow

depths within the 6 most common forest communities in this

area. Stem counts and BD measures of browse species were

counted in four 8-m2 plots spaced every 30- or 60-m along a

120- or 240-m transect at 15 sites in each of 6 plant

communities depending on which total transect length could be

completely contained with the patch of a single vegetation type.

Transects for each forest type were located in representative

stands selected from across the 15,000-km2-study area where

there was access to the site. We calculated twig biomass of a

species within a plot (g/8 m2) as:

X
Bi jPh j (2)

where Bij is twig biomass/stem of stem i of species j predicted

from the stem BD and Phj is the proportion of total twig biomass

at snow depth h predicted for species j using Eq. (1). Because

shrub biomass was not normally distributed, we employed a

simple bootstrap approach (Efron and Tibshirani, 1993) to

calculate the 95% confidence of the mean interval shrub

biomass (converted to g/m2) for each vegetation type. However,

for display purposes only the mean values are shown. We

summed woody biomass of browse species into preferred

ungulate browse (hereafter forage browse) and total browse

for presentation. Green alder, shrubby cinquefoil, Labrador tea

and bog birch were considered non-forage browse based on

rankings of food preferences by Kufeld (1973) and Cook

(2002).

3. Results

3.1. Allometric browse relationships

The basal diameter of the main shrub stem explained between

51 and 93% of the variation in twig biomass (Table 1) with the

exceptionofSpirea betulafolia, whichdidnot vary enough tofind

a significant relationship; therefore, we used a mean weight of

14 g/stem when estimating browse availability of this species.

Stem basal diameters of the all species (other then Spirea)

measured typically were >0.5 mm and only 4 stems had

diameters greater than 34 mm. For Spirea, we also assumed no

biomass per stemwas available for this species when snow depth

was>15 cm because mean height of plants averaged 10 � 5 cm

S.D. Basal diameter explained 15 to 82% of the variation in stem

height (Table 2). Current annual growth of browse was highly

correlated (r = 0.70–0.96) to total biomass of twigs (those

�7 mm) in 12 out of 14 species we compared (Table 1). The two

exceptions were Viburnum edule, for which it was difficult to

distinguish CAG from old growth, and Amelanchier alnifolia,

which was both rare and typically browsed.



D.R. Visscher et al. / Forest Ecology and Management 222 (2006) 348–354 351

Table 1

Model coefficients relating basal diameter (mm) to total biomass (g) of twigs�7 mm, proportion of total twig biomass that is CAG, and the relationship between CAG

and total twig biomass for shrub types common to the central eastern slopes of the Rocky Mountains of Alberta

Species BD to twig

biomass (g)

Proportion of twig

biomass (g) that is

CAG

Correlation

(CAG to

twig)

Model a b n r2 P Model a b n r2 P r n

Alnus crispa E 12.688 0.091 27 0.93 <0.0001 L �0.0104 0.531 27 0.63 <0.0001 0.92 27

Amelanchier alnifolia E 12.497 0.08 30 0.75 <0.0001 L �0.0318 0.57 30 0.81 <0.0001 0.16 30

Betula glandulosa E 11.769 0.128 28 0.87 <0.0001 L �0.0363 0.556 28 0.89 <0.0001 0.72 28

Elaeagnus commutata E 12.925 0.076 30 0.90 <0.0001 L �0.0134 0.474 30 0.71 <0.0001 0.92 30

Ledum groenlandicum E 14.004 0.039 32 0.68 <0.0001 L �0.015 0.515 32 0.76 <0.0001 0.70 32

Lonicera involucrate L 2.992 7.455 17 0.88 <0.0001 L �0.0268 0.538 17 0.80 <0.0001 0.94 17

Populus balsamifera E 11.628 0.07 29 0.91 <0.0001 L �0.0047 0.469 29 0.24 0.0067 0.87 29

Populus tremuloides E 11.098 0.08 29 0.89 <0.0001 L 0.0097 0.402 29 0.48 <0.0001 0.85 29

Potentilla fruticosa E 11.156 0.155 29 0.83 <0.0001 L �0.0407 0.55 29 0.88 <0.0001 0.76 29

Ribes spp. E 12.246 0.118 58 0.51 <0.0001 L �0.0317 0.554 58 0.46 <0.0001 0.71 58

Rosa acicularis E 12.668 0.089 26 0.80 <0.0001 L �0.0149 0.54 26 0.47 0.0001 0.75 26

Rubus idaeus E 6.865 0.072 28 0.54 <0.0001 a – – – – – – –

Salix spp. L 2.981 1.075 60 0.73 <0.0001 L �0.0158 0.466 57 0.67 <0.0001 0.74 57

Sheperdia canadensis E 12.238 0.129 29 0.86 <0.0001 L �0.0191 0.43 29 0.72 <0.0001 0.96 29

Spirea betulifolia M – – 27 – ns a – – – – – – –

Symphoricarpos albus P 0.189 2.184 16 0.84 <0.0001 a – – – – – – –

Vaccinium spp. E 0.066 1.078 20 0.67 <0.0001 a – – – – – – –

Viburnum edule E 10.009 0.139 29 0.75 <0.0001 L �0.0474 0.642 29 0.68 <0.0001 0.26 29

Model structure included exponential (E), linear (L), power (P) or mean value (M). Means were used to estimate biomass when a species regression model was not

significant (P > 0.05). Model forms were (E) y = a � e(b � x), (P) y = a � xb, (L) y = ax + b, where y is biomass (g/stem) or proportion of twig biomass that is CAG

and x is basal diameter (mm). Pearson’s correlations (r) show the strength of the relationship between CAG and non-CAG biomass on twigs up to 7 mm in diameter.
a Note that CAG was not distinguished from previous years growth for these species.
3.2. Proportion of twig biomass above snow

Only about half (8 of 17) of the species exhibited evidence

for a linear relationship between the proportion of woody stem

biomass above snow line and the proportion of the stem height

above snow line (Table 3, Fig. 1). Linear relationships were

apparent for species typically small in stature, averaging
Table 2

The relationship between basal diameter (mm) and height (cm) of common

shrub species found in the central east slopes of Alberta

Species a b n r2 P-value

Alnus crispa 10.04 4.59 30 0.81 <0.0001

Amelanchier alnifolia 6.58 19.77 30 0.89 <0.0001

Betula glandulosa 9.85 7.75 30 0.82 <0.0001

Elaeagnus commutata 8.59 8.94 30 0.63 <0.0001

Ledum groenlandicum 6.87 2.99 30 0.75 <0.0001

Lonicera involucrate 4.44 17.45 30 0.70 <0.0001

Populus balsamifera 9.01 1.87 30 0.73 <0.0001

Populus tremuloides 6.41 30.41 50 0.79 <0.0001

Potentilla fruticosa 6.39 14.54 22 0.65 <0.0001

Ribes spp. 13.14 -8.73 58 0.73 <0.0001

Rosa acicularis 10.25 4.33 30 0.75 <0.0001

Rubus idaeus 10.36 2.30 30 0.62 <0.0001

Salix spp. 7.42 39.41 60 0.75 <0.0001

Sheperdia canadensis 2.61 48.52 21 0.15 0.0860

Symphoricarpos albus 7.68 18.18 30 0.65 <0.0001

Vaccinium spp. 4.95 9.15 30 0.33 0.0010

Viburnum edule 10.51 9.29 30 0.70 <0.0001

a and b are model coefficients for the linear model of the form y = ax + b, where

y is height (cm) and x is basal diameter (mm) of individual shrubs.
29.8 � 15.8 cm (X̄ � S.D.) in height, and frequently were

branched near the base such that biomass occurred along the

entire stem making them ‘‘bush-like’’. After inspection of

model fit and the distribution of the residuals, the other 9

species investigated were modeled using a sigmoid function.

These shrub species tended to be ‘‘tree-like’’ with generally less

biomass at the base of the stem.

3.3. Browse availability within forest communities

Browse availability of all species and preferred species was

highest in shrublands and lowest in dry herbaceous commu-

nities under all but the highest snow depths (Fig. 2). Percent

decline in total woody biomass was lowest (�23%) over the

first 20 cm of snow accumulation in the mixedwood forest and

in shrublands because the dominant species were tree-like. The

mixedwood understory was composed primarily of aspen,

balsam poplar, alder and buffaloberry, while shrublands were

comprised almost exclusively of willow and bog birch. In

contrast, total shrub biomass under closed and open canopy

conifer forests was composed almost exclusively of Labrador

tea, a short (<30 cm) shrub that showed the most rapid (�80%)

decline over the first 20 cm of snow (Fig. 2A). Because

Labrador tea was not a preferred species, a similar decline in

browse availability in these communities was not evident when

only forage browse was considered (Fig. 2B). Mixedwood and

deciduous forest communities offered more available browse

than either open or closed conifer forest communities at all

snow depths, and more than shrublands when >75 cm of snow
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Fig. 1. Examples of species-specific regressions for the prediction of the

proportion of biomass remaining given the proportion of the shrub above

the hypothetical snow line, calculated as P = 1 � (snowdepth/shrubheight).

Models took two general forms: linear (A); and sigmoid (B) as represented

by prickly rose (Rosa acicularis) (A); and aspen (Populus tremuloides) (B).

Error bars indicate the standard error of the estimate.

Fig. 2. The influence of increasing snow depth (cm) on the availability of total

(A); and preferred forage (B) browse biomass (g/m2) for the shrubland (—),

closed conifer ( � � � ), mixedwood forest (- - -), open conifer (– –), deciduous

(���), and dry herbaceous (+ +) vegetation types in the central east slopes of

Alberta, Canada.

Table 3

Model coefficients and statistics for the proportion of biomass remaining above snow depth (y) as a function of proportion of stem height above snow (x) calculated as

P = 1�snowdepth/shrubheight for 17 common shrub species in the Rocky Mountains of Alberta

Species Model

form

Coefficients Standard error

of estimate

d.f. r2 P-value

a b c

Amelanichier alnifolia L �0.0777 1.0551 0.1413 98 0.86 <0.0001

Ledum groenlandicum L* �0.1020 1.0900 0.0957 74 0.93 <0.0001

Loniceria involucrate L �0.0740 1.0630 0.0868 82 0.94 <0.0001

Potentilla fruticosa L* 0.0050 1.0190 0.0640 89 0.96 <0.0001

Rosa acicularis L �0.0750 1.0740 0.1331 92 0.89 <0.0001

Rubus idaeus L �0.0900 1.0850 0.0465 76 0.98 <0.0001

Symphoricarpos albus L �0.0480 1.0550 0.0606 67 0.97 <0.0001

Vaccinium myrtilloides L* �0.0460 1.0290 0.1528 71 0.85 <0.0001

Alnus crispa S 1.0373 0.1388 0.5369 0.1029 151 0.93 <0.0001

Betula glandulosa S 0.9887 0.1353 0.4006 0.1570 145 0.82 <0.0001

Elaeagnus commutata S 1.0239 0.1285 0.5016 0.1086 132 0.92 <0.0001

Populus balsamifera S 1.0689 0.1508 0.5841 0.1279 132 0.89 <0.0001

Populus tremuloides S 1.0706 0.1331 0.6402 0.1159 258 0.91 <0.0001

Ribes spp. S 1.1815 0.1854 0.6829 0.0527 98 0.98 <0.0001

Salix spp. S 1.0660 0.1729 0.5428 0.1526 325 0.83 <0.0001

Shepherdia canadensis S 1.0268 0.1337 0.5223 0.0857 90 0.95 <0.0001

Viburnum edule S 1.1126 0.1818 0.6015 0.1107 171 0.92 <0.0001

Model forms include sigmoidal (S) where y = a/(1+(e�(x � c/b))) or linear (L) where y = a + bx. Asterisks (*) indicate the ‘‘short’’ shrubs that were divided into 10-cm

sections while the rest were divided into 20-cm section.
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accumulated (Fig. 2). In mixedwood and deciduous commu-

nities, aspen and balsam poplar tended to be relatively

numerous and taller (i.e. sapling like) than other forest types,

where they had more of a shorter, more shrub-like form.

4. Discussion

The relative declines in browse availability with increasing

snow accumulation were primarily the result of compositional

differences that reflected the combined effects of shrub

abundance, height, and form. Previous plot-based approaches

that have summarized browse-snow relationships for forest

communities have assumed constancy (averages) for one or

more of these effects. For this reason, an individual-stem

approach has the distinct advantage in allowing greater insight

into the effects of changing composition within and between

communities with land management practices. Further, when

the true distribution in stem sizes are known, it avoids the

problem associated with using a mean value of plant height to

adjust for snow depth. For example, if the snow adjustment

were based on a mean height of 50 cm, and the snow depth were

60 cm, then no browse would be available. However, if 50% of

the shrubs were <25 cm and 50% were >75 cm, some of the

stems will provide browse. Also, a stem-based approach

permits direct comparisons for specific browse species, which

is important for tailoring browse availabilities in food and

habitat selection studies for different ungulate species.

We found reasonable allometric relationships for 15 of 18

common browse species that can be used in other studies where

these relationships have not been developed. The poor fit we

observed for BD to height relationship of Sheperdia canadensis

(r2 = 0.15) may be improved with a larger sample size (n = 21

in this study) while we suspect the poor fit for Vaccinium

(r2 = 0.33) and Spirea (mean only) may be related to its low

prostrate growth form. The non-linear distribution in plant

biomass along a stem reported elsewhere for some of these

species (Jenkins et al., 1990) was not always present in the

species we examined. Indeed, based on visual inspection of

residuals for 8 of the 17 species that we modeled, there was no

evidence that the sigmoid model improved model fit. For the

other 9 species, however, we found on visual inspection of

residuals evidence for a sigmodal model form because a linear

model produced a systematic bias that is reflected in Fig. 1.

Because of this bias, we chose the sigmoid functions to quantify

the biomass distribution of these species in our vegetation

communities.

Woody browse availability in the 6 common vegetation

communities along the east slopes of the Rocky Mountains in

central Alberta was generally lower than those reported for

coastal forest communities but much higher than reported by

Dumont et al. (1998) in Quebec. Snow depths in our study area

normally range from 10 to 60 cm in mid winter indicating that

availability of browse species most preferred by ungulates in

this area is highest in shrublands, mixed conifer, and deciduous

forests when depths are comparable. However, these compar-

isons among vegetation communities do not reflect the

differential effects related to canopy closure and snow
interception. For example, Kirchhoff and Schoen (1987) found

sizeable reductions in snow depth with increasing timber

volume (which relates to canopy coverage) in the spruce forests

of southeast Alaska. Limited data in our area also suggest that

in the closed conifer and open conifer forests snow depths are

approximately 40 and 50% that in dry herbaceous communities

during mid winter in an average year. However, snow dynamics

are complex and accumulation as well as melting patterns are

influenced not only by canopy cover, but by other factors such

as aspect and slope that affect solar insolation (Hardy et al.,

1998) and topography that affect winds and evapo-tranpiration

rates (Hardy et al., 1998). A better understanding of these

dynamics does not negate the flexibility of the approach we

present but offers the opportunity for refinement.

Finally, our estimates of browse availability may differ from

those using other models because they do not reflect the

reductions in availability that can result from bending under

different snow loadings and has been reported to be an

important factor in browse availability estimates (Hovey and

Harestad, 1992). Snow conditions in the central east slopes of

Alberta typically are characterized by dry, powdery snow,

which reduces this differential browse burial for most species in

our area. Thus, our assumption that snow progressively

accumulates up the stem without considerable stem bending

seems suitable for our area. However, we suggest that the

approach presented by Schwab and Pitt (1987) and Schwab

et al. (1987) may be more appropriate in areas where snow

conditions frequently are heavy and wet, causing stem bending.

Under conditions similar to those witnessed in this study, our

methodology can allow estimation of browse availability from a

single assessment of local shrub abundances and size

distributions (with updated snow depths) instead of repeated

visits to a small set of individual shrubs. This presents a more

realistic browse assessment of larger areas when linked to

appropriate surveys (i.e. transects and quadrats) for the same

effort required for repeated visits to individual shrubs.

5. Conclusions

Adjusting forage availability to reflect snow accumulation is

a key step to accurately assessing ungulate habitat and food

selection as well as range evaluations. We provide species-

specific relationships for a wide variety of browse species

common to forested ecosystems in the Rocky mountains that

can be used with local information on stem densities to make

these assessments when heavy, wet snows are not common.

Local data consisting of assessments of species-specific stem

densities and shrub heights can take advantage of the

methodology presented here to tailor results to a researchers

particular question. In illustrating our approach, we have

demonstrated that the relative value of different vegetation

types in providing winter forage for ungulates depends on the

interaction of snow depth with browse composition and height

class distributions of stems as well as stem densities. Linked

with even a general knowledge of the temporal patterns of snow

accumulation and melt should improve assessments of browse

availability based on relative abundance of forage alone.
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Forestry practices directly influence browse composition and

size distributions and indirectly influences snow accumulation

by modifying stand density and canopy cover (Kirchhoff and

Schoen, 1987; Schwab et al., 1987; McKay et al., 1988).

Further quantification of these relationships across vegetation

types will improve our ability to predict the impacts of forest

management on ungulate winter ranges. Nevertheless, these

relationships remain complex due to short and long-term

temporal effects of climate. Finally, snow depth can have a

direct effect. For example, studies have found that both white-

tailed and black-tailed deer (O. hemionus columbianus)

selected forest stands where snow depth was lower even when

browse availability was low, and they attributed this to snow

impeding locomotion and increasing energetic demands

(Bunnell and Jones, 1984; Dumont et al., 1998). Integration

of our approach with models that reflect relative forage

efficiency among forest types is the next step in meeting the

challenge of understanding animal use in heterogeneous

landscapes.
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