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was derived from the percentages of weights and lengths (Hemmer
1975). Separate regression equations were prepared for serviceberry
and mountain maple. These were used to determine percent of weight
utilized from percent of length browsed.

Utilization was also determined by postbrowsing surveys
in spring 1976. Two procedures were used: (1) an estimate of
percentage of current annual growth twigs (CAGT) browsed (Cole 1958,
Stickney 1966); and (2) an estimate of length and weight removed
(Basille and Hutchings 1966, Lyon 1970). Thirty-eight sites, roughly
adjacent to the randomly selected production sites, were sampled.
At each site, 15 to 20 shrubs (serviceberry or mountain maple) were
measured, Plants were selected by the closest neighbor method
(Cole 1958) along a compass line or by the nearest plant ever‘y 5 to
10 paces, depending upon relative shrub density. On each shrub, a
major branch or stem [one with 10 to 20 current annual growth twigs
within 6 feet (1.8 m) of the ground] was chosen as a twig cluster. In
most instances no single stem had enough twigs to constitute a cluster
so the nearest stem or stems were also measured. The stems
collectively made up the twig cluster. Within the cluster, the number
of browsed and unbrowsed twigs was recorded. Any CAGT that had
the terminal bud or any portion below it missing constituted a browsed
twig. Length of each browsed twig was measured from the leaf scar

to the browsed end to the nearest 1/16 inch (.16 c¢cm). Two diameter
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measurements at point of browsing were taken at right angles on each
browsed twig and averaged to obtain mean diameter. Diameter was
measured to the nearest 0.001 inch (0.025 mm) with a dial caliper.
Utilization was determined by percentage of number browsed and
percentage of length reduction within a twig cluster.

To prepare linear regression equations random CAG leaders
of serviceberry and mountain maple were clipped at all sites. Twigs
were selected to obtain a range of lengths with no twigs shorter than
0.5 inch (1 cm) clipped. On the day the twigs were clipped, diameter
was measured 0.5 inch (1 cm) above the bud scar to the nearest 0. 001
inch (0.025 mm). Two diameter measurements were taken at right
angles and averaged. Twig lengths were measured to the nearest
1/16 inch (.16 cm) from the leaf scar to the tip of the terminal bud.
Twigs were later oven-dried for 48 hours at 70°C and weighed to the
nearest 0.01 gm. Coefficients were computed for the regression of

length on diameter, weight on diameter, and weight on length.

Statistical and Computer Procedures

The Student's t-test and Scheffe's s-method (Chapman and
Schaufele 1971, Hicks 1973) were used to test for significant differences
between production and utilization in the four habitat-type groups.

Regression analyses on utilization data were performed with

BMD polynomial linear regression program 5-R (Dixon 1974). A
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Dec-10 digital computer system was used.

Radiotelemetry

Radiotelemetry was the primary means of collecting elk
location data. Trapping and marking were concluded during the
previous study (Biggins 1975) leaving 18 elk with operative radios and
numerous collared elk. Fourteen elk with operative radio collars
remained at the conclusion of this study.

Aerial tracking was used to locate instrumented elk. Flights
were made with a 150 Super Cub with two, three-element Yagi antennas
attached to the wings and tracking equipment as described by Denton
(1973). Weather conditions limited the number and regularity of the
flights. Nine flights were made during the study period, lasting from
2 to 4 hours each. Additional information on locations of radio-
collared elk was obtained from researchers on the Border Grizzly
Project (Joslin personal communication).

Locations of radioced elk were initially plotted on aerial
photographs and later converted onto USGS topographic maps. For
each location, general habitat type, slope position, time and weather
conditions were recorded. If the radioed elk was sighted, sex, age,

size of herd, and number of marked animals were recorded.
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CHAPTER 1V

RESULTS AND DISCUSSION

Vegetative Characteristics of the Winter Range

Habitat types and habitat type phases (where possible) present
on the Spotted Bear Mountain winter range study area are listed by
habitat type groups in Table 3. Percent area covered by the groups
and the number of production/utilization sampling sites within the
groups and in specific habitat types and phases are also listed. Fig. 5
is a map of the winter range study area showing the areas of each
habitat type group and the predominant habitat types and phases (by
abbreviations given in Table 3) within the group areas. Locations of
production/utilization sampling sites are also shown.

Serviceberry and mountain maple were selected as the ''key
species, ' as defined by Julander (1937), because of their relative
abundance and importance to wintering elk, as indicated by observation
and the two previous studies (Simmons 1974, Biggins 1975). Both
species were found on areas of all four habitat-type groups. Actual
densities of serviceberry and mountain maple were not calculated.
Both species were moderately abundant, at least in parts, on areas of

groups 1, 2, and 6, but were much less abundant on group 4 areas
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Table 3.

(Groups after On and Losensky 1975.)

Habitat types and phases on the Spotted Bear Mountain winter range.

Percent No. sampling
Habitat type and phase Abbreviations coverage site locations
Group 1 "Warm and Dry" 10 5
Pseudotsuga menziesii (DF) series
DF/Agropyron spicatum DF/Agsp DA 1
DF /Symphoricarpus alba/Agropyron spicatum DF/Syal/Agsp DSA 4'
Group 2 "Moderately Warm and Dry" 32 11
Pseudotsuga menziesii (DF) series
DF/Symphoricarpus alba DF/Syal DS 4
*DF [ Symphoricarpus alba/Symphoricarpus alba DF/Syal/Syal DSS 1
DF/Symphoricarpus alba/Calamagrostis rubescens DF/Syal/Caru DSC 62
*DF/Vaccinium caespitosum DF/Vaca DVe
*DF /Spirea betulifolia DF /Spbe DSp
Group 3 '"Moderately Cool and Dry" 2 0
Abies lasiocarpa (AF) series
*AF [Calamagrostis rubescens AF/Caru ACr
Group 4 "Cool and Moderately Dry" 13 7
Abies lasiocarpa (AF) series
AF/Vaccinium caespitosum/Vaccinium caespitosum AF/Vaca/Vaca AVV 734
*AF [/ Xerophyllum tenax AF /[Xete AX

*AF [Xerophyllum tenax/Vaccinium globulare

AF/Xete/Vagl AXVg

&4
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Table 3. (continued)
: Percent No. sampling
Habitat type and phase Abbreviations coverage site locations
Group 5 "Moderately Cool and Moist" 1 0
Picea (S) series
*S/Vaccinium caespitosum S/vaca SV
*S/Clintonia uniflora S/Clun SC
*S/Clintonia uniflora/Clintonia uniflora S/Clun/Clun  SCC
Group 6 ''Cool and Moist" 39 15
Abies lasiocarpa (AF) series
AF/Clintonia uniflora AF/Clun AC 1
AF/Clintonia uniflora/Clintonia uniflora AF/Clun/Clun ACC 8
AF/Clintonia uniflora/Vaccinium caespitosum AF/Clun/Vaca ACV 4
AF/Clintonia uniflora/Xerophyllum tenax AF/Clun/Xete ACX 2

*AF [ Linnaeus borealis

AF/Libo AL

*Statistically small areas.

'"Two sites classified as DSA-DSC.
2One site classified as DSC-DSA.
*One site classified as AVV-ACV,
“One site classified as AVV-DS.

ce
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where mountain maple was nearly absent. The relative occurrence of
the two species in comparison to each other was calculated by the
numbers of each species encountered on the utilization transects. On
the average, serviceberry occurred more frequently than mountain
maple on areas of all four habitat-type groups, although mountain
maple was more abundant on individual sites within groups 2 (one site)
and 4 (four sites). The two species were most evenly distributed on
group 6 areas, occurring in a 1.9:1 ratio of serviceberry to mountain
maple. Percent cover of serviceberry relative to mountain maple
increased on the drier, warmer areas of groups 1 and 2, with ratios
of 4.4:1 and 4.5:1 respectively. Serviceberry was much more
abundant relative to mountain maple on group 4 areas, with a 79.9:1
ratio.

Overall vigor of both serviceberry and mountain maple was
generally low throughout the range with most mountain maple under
4 feet (1.2 m) tall and most serviceberry under 3 feet (0.9 m).
Exceptions occurred in intermittent stream bottoms (in group 6
habitat types) where most shrubs had grown beyond the reach of elk,
possibly as a result of winter inaccessibility due to snow accumulation.
Some tall overmature forms of both species were found on steep,
relatively open (low canopy density) group 1 areas. Serviceberry
demonstrated all five growth forms described by Hemmer (1975) but

with few examples of the mat-forming and overmature forms. Most
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plants of both species were moderately to heavily clubbed (Cole 1958),

particularly on areas of groups 1, 2, and 6.

Random Sampling Procedures

Production and utilization sampling sites were chosen by a
random method in order to eliminate bias from site selection and to
allow the procedures to be repeated without establishing permanent
transects. In this way, data can be obtained by comparable production
and utilization sampling methods during and after timber harvest
which will alter the existing conditions. In addition, for production
studies involving clipping, permanent transects could affect the

physiology and vigor of the plants.

Browse Production

Forage production studies are used to determine potential
carrying capacity of pastures and ranges. Sampling methods often
involve clipping and weighing forage from small randomly located
plots but plot yields may vary widely and the process is time con-
suming. Halls and Dell (1966) found that the ranked-set method of
clipping proposed by McIntyre (1952) was considerably more effective
than random sampling for estimating weight of browse in a pine-
hardwood forest of east Texas. The increased efficiency and conse-
quent accuracy saved time. The ranked-set method proved effective

in sampling current annual production on Spotted Bear Mountain winter
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range. The area was too large for complete quantification and the
randomly located, stratified ranked-sets provided an unbiased
estimate of production. Local variation within habitat-type groups
was the major sampling problem.

Current annual growth production for serviceberry and
mountain maple (and small amounts of chokecherry and red-osier
dogwood) was measured on 38 sample sites (1,140 plots) within areas
of the four habitat-type groups. Production sampling sites are shown
on Fig, 5. Table 4 summarizes production data by habitat-type group.
Aspect, slope, and elevation given in Table 4 are representative
averages for the sample sites within the habitat-type group.

Analyses using Scheffe's s-test showed highly significant
differences in mean production between all four habitat-type groups at
the 0. 05 confidence level. Differences were also significant between
all groups at the 0.01 confidence level, except between groups 1 and
2. Ranges of production data (Table 4) within these two groups show
considerable overlap. Some overlap is probably caused by ''blending"
of the habitat types. Although sites were stratified by habitat-type
groups, local variation within a site resulted in two or three classifi-
cations of habitat type phase within the site. Habitat blending also
occurred within groups 4 and 6,

Production results were also analyzed by subpopulations based

on aspect, slope, and elevation. Most of the gradients in production
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Table 4. Summary of production data from ranked-set samples on Spotted Bear Mountain

winter range,

Mean annual
production
lb/a
kg/ha

Range of annual
production
lb/a
kg/ha

Average aspect
(range)

Average percent
slope
(range)

Average elevation
in feet
(range)

Average elevation
in meters
(range)

Habitat-type groups

1 2 4 6
31.23 24,86 2.35 13,71
35.00 27.86 2.63 15,37

24.80-37,68 14,12-38.15 1,60-3,13 8.27-18.96
27.80-42.21 15.83-42,76 1.79-3.51 9.27-21.25
210° 240° variable 330°
(200°-240°) (210°-270°) (200°-40°)
50 30 <10 20
(40-70) (10-70) (0-10) (0-40)
4,200 4,500 3,900 4,100

(3,900-4,400)

1,280
(1,190-1,340)

(4,000-4,700)

1,370
(1,220-1,430)

(3,700-4,100)

1,190
(1,130-1,250)

(3,900-4,400)

1,250
(1,190-1,340)

0¢
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revealed by these factors corresponded highly to the different habitat-
type groups. Habitat types, by definition, describe the potential
climax vegetation based on the sum of environmental factors,
including aspect, slope, and elevation.

The number of sites on different habitat types and phases
within the groups was too small to show significant differences
(p=0.05) between those habitat types and phases within one group.
General trends were apparent. Within group 6 production on all
AF/Clun/Clun habitat type phases was higher than on AF/Clun/Vaca
phases. The AF/Clun/Vaca phases had the lowest production within
the group. AF/Clun/Vaca is a distinct minor phase characterized by
unusual undergrowth for AF/Clun habitat types (Pfister 1974). Char-
acteristics (vegetation, slope, aspect, elevation) more nearly
resembled AF/Vaca/Vaca areas of group 4, and the two often occupied
small adjacent areas on the winter range. The highest production
values were obtained for areas of DF/Syal/Agsp — DF/Syal/Caru
(DSA-DSC, group 1) and DF/Syal/Caru — DF/Syal/Agsp (DSC-DSA,
group 2) on moderate to steep (> 30 percent) slopes of southwest
aspect (210-230°). Very poor production was found on all group 4
(AF/Vaca/Vaca) sites. Nearly all of the data for group 4 areas was
based on production of serviceberry, which occurred sparsely and was
usually of thé spindly small-repressed growth form described by

Hemmer (1975).
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The weighted average of overall production on the winter
range of Spotted Bear Mountain was 17.9 lbs/acre (20.1 kg/ha). This
value was determined by multiplying the percentage of the study area
occupied by each habitat-type group by the mean production of each
group and adding the products. Percent area values were for the
95 percent of the entire range occupied by the four habitat-type groups,
thus the overall value reflects production on 95 percent of the range.

The overall production value and mean group production
values are relatively low in comparison to production capability for the
area (On persAonal communication). Most sites, except those on
group 1 areas, have high canopy cover and tree competition is a factor
limiting production.

In a browse production study on control-uncut, clearcut-
unburned, and clearcut-burned areas near St. Regis, Montana, Warner
(1970) found production values in lbs/acre of 2.7, 20.8, and 48.4,

respectively. Climax vegetation potential was Pseudotsuga menziesii/

Physocarpus malvaceus (DF/Phme). This habitat type fits in the

ecoclass group 2 of this study. Comparison of data for different areas
and browse species is difficult but Warner's (1970) data indicate
increased production after timber harvest. Production will probably

increase on the Spotted Bear Mountain range following timber harvest.
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Browse Utilization

Utilization was measured by three methods. The first,
involving measurements of marked twigs before and after the winter
period along a transect adjacent to the production transects, was only
attempted on part of the sample sites in the fall. Coupled with pro-
duction clipping the process was too time-consuming. Additional time
loss would have occurred while trying to relocate exact sites during
spring. The method used for attaching the plastic marking tags
resulted in loss of most of the tags by spring; thus, _fall data were not
used. Tags should have been stapled on to prevent loss.

Utilization was calculated by two means from postbrowsing
measurements. Utilization by number of twigs browsed was deter-
mined by comparing the percent of browsed current annual growth
twigs (CAGT) to the total CAGT available. Utilization by length
removed was determined with diameter measurements and regression
equatioﬁs developed for length on diameter. Percent of average twig

length utilized was calculated by the equation:

p=100 (LB
B T .

P is the percent utilization by length, T the total length of twig
computed with the diameter measurement and the regression equation,
and R the length of the remaining portion (Basille and Hutchings 1966).

To directly estimate utilization by weight, the portion of a twig
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remaining after browsing is clipped and weighed, and utilization is
computed by substituting weight for length in the above formula. The
regression equations developed in this study for weight on diameter
for serviceberry and mountain maple (Table 5) could be used.

Table 5 presents the regression equations developed for
regression of length on diameter, weight on diameter, and weight on
length for serviceberry and mountain maple. Regression of percent
weight on percent length is also given. Linear correlation between
length and diameter of serviceberry and mountain maple was high,
r=0,909 and r=0.899, respectively. Variation in diameter explained
82.6 percent of the variation in length for serviceberry and 80.9
percent for mountain maple. These high correlation values lend
confidence to the method used to estimate length utilization from
diameter measurements. Correlation was slightly better for lengtih
and diameter than weight and diameter.

Regression equations were calculated for the entire winter
range study area with data from areas of all four habitat-type groups.
Basille and Hutchings (1966) found significant differences in regression
coefficients within and between sites for bitterbrush (Purshia

tridentata). For field applications, Lyon (1970) reported that

"utilization on twigs that are browsed will always be high enough to

prevent gross errors in utilization estimates associated with site

1

variability. ' In future studies on the Spotted Bear winter range,
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Table 5. Summary of regression equations and correlation coefficients of length on diameter, weight

on diameter, weight on length, and percent weight on percent length for serviceberry and
mountain maple.

Regression equation’

_ Correlation
: regression coefficient
intercept coefficient se”of b r
a
b
Length (Y) on diameter (X)
Serviceberry -3.656 129,142 4,515 0.909
Mountain maple -7.370 165.008 6.014 0.898
Weight (Y) on diameter (X)
Serviceberry -0.00198 0.03217 0.0013 0.882
Mountain maple -0.00217 0.0320 0.0012 0.894
Weight (Y) on length (X)
Serviceberry -0.00089 0.00024 0.00001 0.902
Mountain maple -0.00055 0.00017 0.00001 0.899
Percent weight (Y) on percent length (X)
Serviceberry -7.502 0.952 0.017 0.972
Mountain maple -7.591 0.939 0.018 0.970

'Regression equation calculated by Y =a+b (X); length and diameter in inches, weight in lbs,

2Standard error of regression coefficient.

G
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separate regression equations could be developed for the four habitat-
type groups to test this statement.

Table 6 summarizes utilization levels of serviceberry and
mountain maple, calculated by the two postbrowsing methods, on the
four habitat-type groups. I felt that the utilization levels determined
by the percent length removed method most accurately reflected
utilization on the Spotted Bear Mountain winter range. These data
were used in making all the following comparisons and conclusions,
unless otherwise stated.

Scheffe's s-test showed significant differences in mean
utilization levels of both species between all combinations of habitat-
type groups, except 1 and 2, at the 0.05 and 0.01 confidence levels.
Utilization of both species was greatest on the warm, dry habitat-type
groups 1 and 2. Within these two groups the highest values were
calculated for steeper (aspect > 40 percent), southwest facing (210° -
240°) slopes. Production values were also highest for these areas.
Biggins (1975) found 53 percent habitat use of the drier habitat-type
groups (groups 1-3) in January-February and 70 percent use in March-
April when these slopes were the first to become snow-free. Signifi-
cant amounts of utilization also occurred on areas of habitat-type
group 6. Biggins (1975) found 60 percent habitat use of group 6 to 8 in
late fall-early winter (November-December) and 40 pel."cent use in

March-April. Within group 6, utilization levels were highest on
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Table 6.

Average browse utilization on four ecoclass group areas as calculated by two methods.

1. Percent numbers removed:

Serviceberry
Mountain maple

Total (weighted mean)

2. Percent length removed:

Serviceberry
mean
range

Mountain maple
mean

range

Total (weighted mean)

Habitat-type groups

1 2 4 6
53.72 54.28 8.48 28.68
72.03 48,56 27.27 37.97
55.77 47,46 10.33 30.49
66.17 64.20 15.55 42 .42

59.43-67.91 52.42-69.74 7.71-23.42 13.43-61.34
70.87 75.76 37.50 56.53

62.03-77.12 52.42-78.98 31.37-43.63 39.36-69,28
67.16 64.64 16.24 46.49

L
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AF/Clun/Clun habitat type phases which also had the highest
production of group 6 areas. Utilization was low on group 4 areas
which correlated with the less than 20 percent habitat use Biggins
found on this group throughout the winter., These areas also had the
lowest production values. Fig. 6 shows a relative comparison between
production in pounds per acre and mean utilization of serviceberry and
mountain maple by percent length on the four habitat-type groups.

Utilization on the entire Spotted Bear Mountain winter range
varied from 7.71 to 69.74 percent for serviceberry and 31.37 to
78.61 percent for mountain maple. Mountain maple had higher mean
utilization levels than serviceberry for all four habitat-type groups.

In nearly all instances when both species were present on a sample
site mountain maple showed greater utilization than serviceberry.
Differential use could indicate greater preference for mountain maple
by elk or it might reflect more favorable micro-habitat locations of
mountain maple in the winter.

Between the habitat-type groups, mean utilization of service-
berry and mountain maple varied from 16.24 to 67.16 percent. Over-
all mean utilization on the winter range was 50.7 percent. This value
was calculated by multiplying the mean utilization of each habitat-type
group by the percent area occupied by the group and adding the
products. Percent area was adjusted as in the calculation for overall

production and thus, the utilization value refers to 95 percent of the
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Fig. 6. Comparison of production in lbs/acre to percent utilization
by length for serviceberry and mountain maple on four
ecoclass groups.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



40

winter range on Spotted Bear Mountain. If utilization levels over
60 percent are considered heavy (Anderson et al. 1972), overall
utilization on Spotted Bear Mountain was moderate. Between the
habitat-type groups utilization varied from light (group 4), to
moderate (group 6), to heavy (groups 1 and 2).

Utilization levels were generally lower than levels indicated
for past years by clubbed growth forms of both species. The 1975-76
winter was significantly milder than the two previous winters and the
28-year mean. In a milder winter with less snow accumulation elk
probably use larger areas (supported by location data in this study)
and utilize shrubs and portions of shrubs not available during more
severe winters. A greater proportion of grass species are probably
also available, resulting in decreased browsing pressure on shrubs.
Shifts in relative utilization levels on different habitat-type groups
might occur between winters of differing severity. Greater utilization
of the wetter, colder groups might occur in milder winters. Simmons
(1974) reported a general figure of 80 percent utilization for the 1973-
74 winter (relatively severe) based on visual estimates of leader use.
Although this figure can not be compared directly to levels calculated
in this study by different methods, it probably indicates that utilization
is greater in local areas during a severe winter. Estimates of
utilization by numbers browsed (roughly similar methods) calculated

in this study show even greater differences.
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On all sites, utilization as determined by percent length
removed was greater than utilization determined by percent of twig
numbers removed. In contrast, Beall (1974) found that utilization
determined by percent numbers removed fof five browse species on
the Sapphire elk winter range was greater than that determined by
length utilized. In a study of serviceberry in Montana, Hemmer (1975)
found good correlation (r=0.97 and r=0.93 during 2 years) between
percent number utilized and percent length utilized. Stickney (1966)
reported that the twig count method is sensitive to utilization levels
up to 60 percent and felt that beyond that most twigs would show some
browsing. That method was not sensitive to utilization levels in this
study. However in all habitat-type group areas the remaining
unbrowsed twigs of both species were considerably shorter than the
calculated lengths of the browsed twigs and than the mean twig lengths
determined by the regression programs for both species. Elk
preferred longer twigs on the Spotted Bear Mountain winter range.
Perhaps in areas where browsing pressure is light and utilization
levels low such as Beall (1974) found, elk take the ends of many twigs
rather than the longer twigs., Taking the tips of many twigs would
result in higher utilization by percent number while preference for
longer twigs would result in greater utilization by percent length. In
contrast, Hemmer (1975) found evidence for serviceberry that

indicated a greater increase in percent number usage than percent
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