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ABSTRACT: From December 1991, through November 1995, we recorded 3,897 locations on 66
radio-collared moose (Alces alces shirasi) (25 males and 41 females) in northcentral Colorado, to
determine seasonal movements and selection of habitat. Few significant differences (P <0.05) were
found between sex or age categories in median size of seasonal minimum convex polygon (MCP)
areas, or in median distances moved between seasonal median activity centers (MACs), because
movement depended mainly upon characteristics of individual animals. However, subadult and adult
males used larger seasonal MCP areas than females, and adults used larger seasonal MCP areas than
subadults. Sixty-two percent of subadult males and 17% of subaduit, females dispersed from natal
areas at distances ranging from 13 to 120 km. Moose >2 years old, of both sexes occupied annual
home ranges that usually included several smaller areas which the animal used seasonally. Winter
MCP areas usually included lower elevations than spring, summer, and autumn MCPs suggesting
most moose migrated to higher elevations in other seasons. The only significant difference (P < 0.05)
between sexes in proportional use of habitat types during seasons of the year was in lodgepole pine
habitatin winter. Willow (Salix spp.) was the most commonly selected habitat by moose in all seasons,
and lodgepole pine (Pinus contorta) was second. Other habitat types used by moose were aspen
(Populus tremuloides), spruce-fir (Picea engelmannii - Abies lasiocarpa), and grass meadow.
Locations of radio-collared moose in lodgepole pine or spruce-fir usually were near willow habitat.
We infer that willow habitat in riparian areas is important to maintain moose populations and should
be protected from influences that could reduce its value to moose. During logging operations strips
of uncut, mature timber should be maintained within 250 m of willow bottoms and clearcutting
patterns should be designed to produce a mosiac of relatively large patches (> 0.7 km?) of uncut,
mature timber. We suggest that no pointin a clearcut be more than 100 m from adequate hiding cover.
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Moose in Coloradohistorically wererare  moose have been studied throughout much
(Warren 1942, Bailey 1944, Lechleitner of their range (Houston 1968, Stevens 1970,
1969). In 1978 - 1979, 24 moose (Alcesalces  Van Ballenberghe and Peek 1971, Krefting
shirasi) were transplanted from northeastern 1974, LeResche et al. 1974, Peek et al. 1976,
Utah and northwestern Wyoming to North  Doerr 1983, Pierce and Peek 1984, Cederlund
Park, in northcentral Colorado, to establisha  and Okarma 1988, Leptich and Gilbert 1989,
viable population (Duvall and Schoonveld Cederlund and Sand 1994). Nowlin (1985)
1988). The population in North Park had  reported on pioneering movements of ani-
grown to approximately 382 to 505 animals  mals originally released in the then vacant
by 1992 (Bowden and Kufeld 1995). Subse- moose habitat of North Park. Our study was
quent transplants have been conducted to initiated to determine the magnitude of sea-
establish populations of moose in other parts  sonal movements and seasonal preference
of Colorado (Kufeld 1994, Olterman et al.  forhabitat types exhibited by moose now that
1994). sufficient time has elapsed for the population

Movements and habitat relationships of  in North Park to become established and to
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occupy available habitat. Such information
will be useful to wildlife personnel con-
cerned with habitat evaluation and improve-
ment or with mitigation of habitat losses.
We examined the following general hy-
potheses: (1) distribution and movements of
moose varies by sex, age, and season of year;
(2) habitat selection by moose varies by sex
and season of year; (3) moose exhibit astrong
degree of fidelity to riparian habitats along
drainages during winter census periods.

STUDY AREA

North Park, with the same boundaries as
Jackson County in northcentral Colorado
(41°N, 106°W), is a large, open valley almost
completely surrounded by high peaks. The
northern boundary is the Wyoming state line.
North Park is approximately 72 km long by
64 km wide, with elevations ranging from
approximately 2,400 to 4,000 m.

All radio-collared moose were captured
and most remained in the eastern, southern,
and central portions of North Park, Colorado.
However, study animals which moved out-
side North Park were monitored. Terrain and
habitat complexes frequented by migrants
were similar to those found in North Park.

North Park contains numerous streams
and rivers that support extensive stands of
willow (Salix spp.) dominated riparian habi-
tat. The central part of North Park consists of
open, relatively flat to rolling terrain domi-
nated by sagebrush (Artemisia tridentata)
habitat. Willow bottoms in the lower eleva-
tions of the central part meander through the
large expanses of sagebrush. At higher ele-
vations willow bottoms are bordered by ex-
tensive forests of lodgepole pine (Pinus
contorta), aspen (Populus tremuloides) or
spruce (Picea engelmannii) and subalpine fir
(Abies lasiocarpa). Aspen may grow as a
relatively pure stand or occur as a sub-dom-
inant species within a habitat of predomi-
nately lodgepole pine. There are numerous
clearcuts of varying sizes within the lodgepole
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pine and spruce-fir habitat types. Alpine
tundra occurs at the highest elevations. Itis
dominated by numerous species of low grow-
ing grasses and herbs. Irrigated grass mead-
ows are common along stream bottoms at
lower to intermediate elevations. Plant names
are from Scott and Wasser (1980).

Mean January minimum temperatures in
North Park range from -18 to -22 C and mean
July maximum temperatures range from 11
to 22 C. Mean annual snowfall ranges from
1.3 to 3.8 m (Erickson and Smith 1985).
Winters can be severe with long periods of
low temperatures and deep snow.

METHODS

Moose were captured throughout the east-
ern, southern, and central portions of North
Park during December 1991, January, March,
October, and December 1992, and January
1994. Two methods of capture were used:
(1) drugs administered in 1-cc darts fired
from the ground or from a helicopter, and (2)
a net fired from a helicopter (Olterman et al.
1994). For immobilizing aduilts, we used 2.7
mg carfentanil HCL (3 mg/ml) and 40 mg
xylazine HCL (400 mg/ml) delivered
intramuscularly; immobilization was antag-
onized with 500 mg naloxone HCL (50 mg/
ml) delivered intravenously (IV) (150 mg)
and subcutaneously (SC) (350 mg). Calves
were immobilized with about 1.4 mg
carfentanil HCL and 20 mg xylazine HCL
IM and antagonized with 300 mg naloxone
HCL (divided 100 mg IV and 200 mg SC).
Penicillin, 30 cc for adults and 20 cc for
calves, was given subcutaneously to help
prevent infection.

Sex and age composition of captured
moose was similar to composition of sex and
age classification determined by previous
counts in the area. Moose were considered
calves during their first year, subadults on
June 1 beginning their 2nd year, and adults
onJune | beginning their 3rd year. Captured
moose were fitted with a numbered, cattle-
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type, plastic ear tag in each ear, and a num-
bered radio collar. Numbering of the collars
enabled individual identification of sighted
moose without use of a radio receiver. We
used expandable radio collars for calves.
Each radio collar was equipped with a mor-
tality switch that increased pulse rate of the
transmitter after 5 hours of inactivity.

Radio-collared moose were located at
intervals of approximately 2-weeks from
December 1991 through November 1995.
Most locations were from a Cessna 185 air-
craft with a 2 element, “H” configuration,
receiving antenna mounted on each strut. A
switchbox permitted the telemetry operator
to use antennas jointly or separately. Aerial
locations were made from an altitude of ap-
proximately 40 mto 150 m and an airspeed of
approximately 120 km/hr.

Occasionally, locations were made by
radio-tracking on the ground using a 2-ele-
ment, “H” configuration, receiving antenna.
The signal was pursued until the animal was
observed. A TR-2 receiver with a TS-1
Scanner-Programmer (Telonics, Inc., Mesa,
AZ) was used for all aerial and ground track-
ing. Moose locations were plotted on
1:50,000 scale, U.S. Geological Survey, top-
ographic, county maps and recorded as Uni-
versal Transverse Mercator (UTM) coordi-
nates (Grubb and Eakle 1988) to the nearest
0.01km. A global positioning system receiv-
er was often used to determine coordinates of
locations on the ground. Elevation for each
location was determined from topographic
maps. Habitat type for each moose location
was also recorded. These habitat types were
major vegetation communities common in
North Park and surrounding areas of Colora-
do as described by Costello (1954). The
name of each habitat type, in all cases except
alpine and grass meadow, is the dominant
species or genera. Where aspen grows in
relatively pure stands it was considered as-
pen habitat. Where it occurs as a secondary
species in a habitat type dominated by
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lodgepole pine the habitat type was consid-
ered to be lodgepole pine.

Habitat availability was determined by
the Colorado Division of Wildlife satellite
based global information system (GIS)
(Buffington and Cade 1992). Percent com-
position of habitat types, in the area of North
Park where 96% of moose locations occurred,
was compared with percent of locations of
moose (sexes combined) for each habitat
type during each season by t-test.

The area encompassing all observed lo-
cations for an individual moose during a
specific season of the year (winter = Decem-
ber - February, spring = March - May, sum-
mer = June - August, Fall = September -
November) was determined using the mini-
mum convex polygon (MCP) feature (Mohr
1947, Jennrich and Turner 1969) in version
1.2 of program McPaal (Stuwe and
Blowhowiak 1986). The area encompassing
observed seasonal locations for a given moose
is referred to as its seasonal MCP area. We
use the term “MCP area” rather than “home
range” to describe the area encompassing
observed locations because locations were
obtained at points in time which were ap-
proximately 2 weeks apart. A median activ-
ity center (MAC) for each seasonal group of
locations was computed according to proce-
dures described by Berry et al. (1984). A
MAC is the point with coordinates (x,y)
which is closest on average to all of the
locations. In other words the sum of the
distances of the group of locations from the
MAC point is smaller than can be obtained
when compared to sum of the group’s dis-
tances from any other point in x,y space.
Straight line distances between seasonal
MACs were computed using version 6.03 of
program SAS (SAS Institute Inc. 1988).

We made comparisons between catego-
ries of sex and age for seasonal MCP area
size, distances moved between seasonal
MACs, seasonal elevations, and seasonal use
of habitat types. We used 0.05 significance
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level in all statistical tests of hypotheses.
Differences in use of habitat types between
sexes of moose, as measured by numbers of
locations per type by sex category, were
compared using standard 2-sample t-tests.
Differences between sexes or ages of moose
in size of seasonal areas occupied, or in
distances between seasonal MACs were com-
pared using non-parametric, Mann-Whitney-
Wilcoxon procedures (Gibbons 1985).

RESULTS

Sixty-six moose, (age when captured:
calves = 16 males and 20 females, subadults
= 1 male and 2 females, adults = 8 males and
19 females) were monitored during this study.
Individuals were monitored for periods up to
4 years and 3,897 moose locations were ac-
cumulated. Logically, when calves became
subadults they were included in the subaduit
category and, subsequently, included in the
adult category when they became adults.
Thus, the number and sex and age composi-
tion of moose available for comparisons is as
follows: calves = 16 males and 20 females,
subadults = 13 males and 18 females, adults
= 20 males and 35 females.

During a test of aerial location accuracy
(Kufeld and Bowden 1995) using transmit-
ters placed at 27 locations unknown to the
aerial observer, the same observer, flying in
the same aircraft, at similar altitudes and
airspeeds, with the same pilot as used in this
study, the mean, SD, and median map dis-
tances between estimated and actual point
locations were 125+90m, and 100 m, respec-
tively. Accuracy in locating moose by air-
craft probably was superior to results of this
test because the animal was often seen. Based
on these test results, and because of the
relatively large patches of habitatinvolvedin
our study, we believe that aerial accuracy of
telemetry was adequate to determine selec-
tion of habitat and sizes of areas used by
individual moose.

88

Seasonal Movements

There were few significant differences
between sex or age categories in size of
seasonal MCP areas (Table 1), in distances
moved between seasonal MACs (Table 2), or
in elevations of seasonal MCP areas (Table
3), because behavior associated with move-
ment was highly variable among individual
moose. This variability was reflected by the
range of values for seasonal MCP area size
and for distances moved between seasonal
MAC:s (Tables 1 and 2).

Size of Seasonal Minimum Convex Pol-
ygon Areas.-- Differences in median size of
MCP areas of male and female calves by
season were not significant (Table 1).
Subadult, males had significantly larger me-
dian MCP areas than females during winter,
and larger, but not significant, median MCP
areas than females during other seasons.
Maximum of subadult male MCP areas was
larger than maximum of subadult female
MCP areas during winter, summer, and au-
tumn. Adult males consistently had larger
median MCP areas during all seasons than
adult females (Table 1), but these differences
were not significant.

Winter MCP areas for subadults and
adults were not significantly different in me-
dian size from summer MCP areas. Subadults
of both sexes had larger MCP areas during
winter and spring than did calves, but only
the difference for male subadults vs calves
during winter was significant. Adult moose
of both sexes had larger MCP areas during
each season than subadults, but only the
difference between female adults and female
subadults during autumn was significant (Ta-
ble 1).

Distances Moved Between Seasonal
Median Activity Centers.-- Male calves
moved farther between seasonal median
MACs than females and significantly farther
from spring to summer and from winter to
summer. Maximums of male calf move-
ments between seasonal MACS were greater
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Table 1. Comparison of seasonal minimum convex polygon areas (km?) between male and female
moose in North Park, Colorado for years 1992 - 1995.

Males Females
Age® Season®  Min. Max. Med. Min. Max. Med. P
Calves Winter 0.1 10.3 2.2 0.1 9.2 1.0 0.698
Spring 0.2 78.7 34 0.2 30.0 3.6 0.808
Subadults Winter 1.3 180.9 8.5 0.1 21.2 4.1 0.005
Spring 0.8 30.0 7.7 0.3 46.2 5.5 0.876
Summer 0.1 349 6.1 0.1 234 4.5 0.285
Autumn 0.1 351.2 8.8 0.5 23.8 6.8 0.315
P Winter versus 0.910 0.433
Summer
Adults® Winter 2.1 62.2 14.5 0.7 74.1 5.0 0.062
Spring 0.2 76.8 10.9 1.0 28.5 7.3 0.241
Summer 0.6 36.3 7.5 0.3 40.7 5.8 0.782
Autumn 2.5 74.3 20.2 2.0 33.1 10.2 0.125
P* Winter versus 0.068 0.790
Summer
P* Calves versus Winter 0.001 0.577
Subadults Spring 0.164 0.323
Pc Subadults versus Winter 0.947 0.071
Adults Spring 0.209 0.362
Summer 0.973 0.359
Autumn 0.235 0.010

2 Sample sizes are: calves = 16 males and 20 females, subadults = 13 males and 18 females, adults =

20 males and 35 females.

® Seasons: Winter = Dec. - Feb.; Spring = Mar. - May; Summer = June - Aug.; Autumn = Sep. -Nov.

¢ P value is based on Wilcoxon ranked sum comparison of median values.

4 P value is based on Wilcoxon signed rank comparison of median values.

¢ A mean seasonal minimum convex polygon area was computed for each individual adult moose for
the number of years it was monitored as an adult (1 to 4 years). Then minimum, maximum and
median values were determined for those means.

than those of female calves (Table 2). differences were not significant (Table 2).

Median movements of subadults between  Eight of 13 subadult males (62%) and 3 of 18
winter and spring and between spring and subadult females (17%) made long distance
summer MACs (the summer when subadults movements, considered to represent disper-
became adults) were similar for males and sal, during their subadult year or shortly after
females. Subadult males moved significant- they became adults (Table 3). Dispersal in-
ly farther than females between summer and volved movement to completely different
autumn. Subadult males also moved farther mountain ranges and different major river
than females between autumn and winter, drainages, but to similar habitat. None of the
and between winter and summer (the sum- animals returned to the area from which they
mer when subadults became adults) butthose  dispersed during the course of the study.
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Table 2. Comparison of distances moved (km) between seasonal median activity centers between
male and female moose in North Park, Colorado for years 1992 - 1995.

Males Females
Age® Season® Min. Max. Med. Min, Max. Med. Pe
Calves Winter to Spring 0.1 14.5 2.1 0.1 3.6 1.3 0.175
Spring to Summer 0.4 17.9 6.7 04 11.2 23 0.004
Winter to Summer 0.5 15.2 8.5 03 8.8 2.2 0.001
Subadults ~ Winter to Spring 0.2 8.5 1.7 0.3 16.3 1.7 0.635
Spring to Summer 0.6 25.6 3.8 0.3 58.2 3.8 0.239
Summer to Autumn 0.7 75.9 3.8 0.1 23.5 1.0 0.004
Autumn to Winter 0.4 24.7 8.8 0.3 15.0 4.6 0.224
Winter to Summer 1.1 25.7 7.1 0.1 58.7 42 0.386
Adults? Winter to Summer 0.6 8.4 3.6 0.1 14.4 33 0.810
Spring to Summer 1.2 16.3 7.2 0.6 18.5 43 0.340
Summer to Autumn 0.7 19.1 34 0.5 21.7 2.7 0.342
Autumn to Winter 2.1 11.9 6.3 04 16.7 6.5 0.622
Winter to Summer 1.2 18.8 5.5 1.1 18.1 5.8 0.646
P Calves  Winter to Spring 0.910 0.254
versus Spring to Summer 0.671 0.268
Subadults Winter to Summer 0.548 0.071
P¢ Subadults Winter to Spring 0.286 0.174
versus Spring to Summer 0.901 0.311
Adults Summer to Autumn 0.722 0.008
Autumn to Winter 0.336 0.444
Winter to Summer 0.960 0.480

2 Sample sizes are: calves = 16 males and 20 females, subadults = 13 males and 18 females, adults =

20 males and 35 females.

b Seasons: Winter = Dec. - Feb.; Spring = Mar. - May; Summer = June - Aug.; Autumn = Sep. -

Nov.

¢ P value is based on Wilcoxon ranked sum comparison of median values.

4 A mean distance moved between seasonal median activity centers was computed for each individ-
ual adult moose for the number of years it was monitored as an adult (1 to 4 years). Then mini-
mum, maximum and median values were determined for those means.

study. Median and maximum movements
between seasonal MACs were similar for
adult males and adult females (Table 2).
Median distances moved from winter to
spring, spring to summer, and winter to sum-
mer MACs were not significantly different
between calves and subadults for either sex,
but subadults consistently had greater maxi-
mum movements between seasonal MACs
than calves (Table 2). Median distances
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moved between seasonal MACs were not
significantly different between subadults and
adults for either sex except for the median
distance moved from summer to autumn by
females. Although that median distance was
statistically significant the difference in km
moved was small. Subadults exhibited much
longer maximum movements between most
seasonal MACs than did adults (Table 2).

Individual adult moose demonstrated fideli-
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Table 3. Distances dispersed (km) and directions of dispersal by 8 male and 3 female subadult moose

radio-collared in North Park, Colorado.

Males Females
Distance Direction Distance Direction
120 Southwest 114 North
95 North 91 Southwest
68 North 14 Southeast
27 Southeast
21 North
19 Northeast
19 Southwest
13 Southwest

ty to winter and summer MACs during the 4
years of the study. Winter MACs for adults
were a median distance of 3.6 km apart while
the median distance separating summer
MACs was 1.9 km.

Elevations of Seasonal Minimum Con-
vex Polygon Areas.-- Median elevations of
seasonal MCP areas of individual moose
ranged from 2,465 t0 3,222 m. (Table 4). The
lowest location for a radio-collared moose
during this study was 2,451 m, the highest
was 3,487 m. Treeline for North Park is
approximately 3,300 m depending on slope
and aspect. Most moose, regardless of sex or
age, tended to spend winters at lower eleva-
tions and move to higher elevations during
spring, summer, and autumn. Some of the
highest locations observed were during fall
(Table 4). Seasonal migratory behavior var-
ied withindividual animals, however, as some
stayed at about the same elevation year round,
while others moved higher during winter and
lower during summer.

Median elevations of MCPs for female
calves during winter were significantly high-
er than for males, although the actual differ-
ence in elevation was only 86 m, and likely
not biologically meaningful. The difference
between male and female calves in median
elevation of spring MCPs was not signifi-
cant. Differences between male and female
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yearlings, and between male and female adults
inelevations of seasonal MACs also were not
significant (Table 4). Median elevations of
MCPsused by calves during winter and spring
were not significantly different from those
used by yearlings for the same seasons. Sim-
ilarly, there were no significant differences
between yearlings and adults in median ele-
vations for any of the 4 seasons (Table 4).

Seasonal Habitat Selection

The only significant difference between
between males and females in proportional
use of habitat types during seasons of the
year was in use of lodgepole pine during
winter (Table 5). No moose locations were
recorded in sagebrush or alpine habitats, al-
though sagebrush was the most common
habitat in terms of availability (Table 6).
Willow was the most commonly used habitat
during winter, spring, and summer (Table 5).
Proportion of moose locations in willow hab-
itat was significantly greater than its GIS
availability during all seasons (P < 0.0001).
Lodgepole pine was the second most com-
monly used habitat during winter, spring and
summer. During autumn, lodgepole pine
habitat was most commonly used followed
closely by willow habitat. Proportion of
moose locations in lodgepole pine habitat
was significantly greater than its GIS availa-
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Table 4. Comparison of elevations (meters) between male and female moose in different seasons in

North Park, Colorado for years 1992 - 1995.

Males Females
Age? Season® Min. Max. Med. Min. Max. Med. P
Calves Winter 2609 2774 2669 2557 2893 2755 0.018
Spring 2536 2850 2682 2505 2963 2752 0.226
Subadults Winter 2536 2854 2630 2594 2999 2699  0.260
Spring 2559 2841 2633 2487 2822 2690 0.336
Summer 2627 2999 2819 2499 3008 2771 0.401
Autumn 2658 3222 2798 2646 3097 2765  0.577
Adults? Winter 2525 2761 2658 2487 2790 2683  0.366
Spring 2525 2785 2661 2486 2792 2665  0.583
Summer 2526 3085 2777 2485 3085 2752 0918
Autumn 2566 2994 2798 2577 3188 2768  0.469
Pe Calves versus Winter 0.723 0.175
Subadults Spring 0.314 0.267
P¢ Subadults Winter 0.969 0.430
versus Adults  Spring 0.839 0.310
Summer 0.522 0.988
Autumn 0.889 0.655

2 Sample sizes are: calves = 16 males and 20 females, subadults = 13 males and 18 females, adults =

20 males and 35 females.

® Season: Winter = Dec - Feb; Spring = Mar. - May; Summer = Jun - Aug; Autumn = Sep - Nov.

¢ P value is based on Wilcoxon ranked sum comparison of median values.

¢ A mean elevation was computed for each individual adult moose in each season for the number of
years it was monitored as an adult (1 to 4 years). Then, minimum, maximum, and median values

were determined for those means.

bility during all seasons (P <0.0001). Aspen
habitat type was the third most commonly
used type during all seasons. Aspen also
occurred infrequently as a secondary species
within the lodgepole pine habitat type where
radio-collared moose were located. Propor-
tion of moose locations in aspen habitat was
significantly less than its GIS availability
during spring (P = 0.021). During other
seasons no significant differences were found
(P>0.092). The spruce-fir habitat type was
used during all seasons but ranked fourth in
percent of moose locations. Proportion of
moose locations in spruce-fir habitat was
significantly less than its GIS availability
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during all seasons (P < 0.0001). Although
large expanses of lodgepole pine and spruce-
fir habitat occured on the study area, radio-
collared moose located in these habitats were
usually in close proximity to willow habitat.
The study area contained many clearcuts of
varying sizes, totalling approximately 50 km?,
in lodgepole pine and spruce-fir habitat, but
no moose locations were recorded in them
during winter or spring. Less than 1% of
locations during summer and fall were in
clearcuts, and proportion of moose locations
in clearcuts during summer and fall was
significantly less than GIS availability of
clearcuts (P < 0.0001). Grass meadows re-
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Table 5. Seasonal use of habitat by radio-collared moose in North Park, Colorado for years 1992 to

1995°.
% of locations by habitat type
Males n=25 Females n=41

Season Habitat type X (%) SD X (%) SD PP

Winter Willow 69.9 20.9 60.1 20.7 0.076
Lodgepole pine 233 16.6 33.8 19.5 0.026
Aspen 6.0 9.5 37 7.3 0.306
Spruce-fir _0.8 2.9 24 8.1 0.255
Total 100.0 100.0

Spring Willow 64.6 25.1 60.0 22.9 0.446
Lodgepole pine 28.4 19.0 343 20.7 0.195
Aspen 5.6 8.0 3.1 7.5 0.224
Spruce-fir 0.8 3.0 1.9 6.1 0.358
Grass meadow _0.6 1.7 0.7 2.3 0.740
Total 100.0 100.0

Summer Willow 47.7 242 57.5 239 0.548
Lodgepole pine 39.9 20.2 31.5 18.2 0.114
Aspen 9.5 16.1 7.0 14.6 0.544
Spruce-fir 2.9 6.1 39 9.3 0.640
Clearcut _0.0 0.0 _0.1 0.7 0.324
Total 100.0 100.0

Autumn Willow 384 24.8 42.8 224 0.490
Lodgepole pine 51.9 23.5 47.0 21.1 0.415
Aspen 4.4 5.2 6.4 11.0 0.328
Spruce-fir 4.8 11.4 3.6 9.7 0.667
Clearcut _0.5 1.9 _02 1.1 0.527
Total 100.0 100.0

Seasons: Winter = Dec. - Feb.; Spring = Mar - May; Summer = June - Aug.; Autumn = Sep. - Nov.

® P value is based on standard, 2-sample, t-test.

ceived a proportionately small amount of use
during spring when moose sought new growth
of green grass. Moose were observed forag-
ing on their front knees because the grass was
so short. Proportion of moose locations in
grass meadows during spring was signifi-
cantly less than GIS availability of grass
meadow habitat (P < 0.0001).

DISCUSSION

Seasonal Movements
The observed greater mobility of male
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moose in this study is a pattern described by
other investigators (Lynch and Morgantini
1984, Cederlund and Sand 1994). However,
mobile or sedentary behavior of moose in
this study depended mainly upon character-
istics of the individual rather than a tendency
of sex or age groups to conform to consistent
patterns of behavior. Movements of calves
were naturally dictated by their dams. Fe-
male movement varied from sedentary to
mobile. Consequently, calf movement pat-
terns varied in a like manner, at least until
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Table 6. Availability of habitat types in the area
of North Park, Colorado where 96% of moose
locations occurred?.

Composition (%) of

Habitat type habitat types
Sagebrush 38.7
Lodgepole Pine 15.1
Grass meadow 12.2
Spruce-fir 9.5
Willow 8.3
Aspen 6.3
Alpine 3.6
Clearcuts® 24
Other habitats 39
Total 100.0

* Habitat availability was determined by the
Colorado Division of Wildlife satellite based
global information system (GIS) (Buffington
and Cade 1992).

® Clearcuts were in lodgepole pine and spruce
fir forests.

they separated from the dam at the end of
their first year of life.

If an animal dispersed it did so as a
subadult or shortly after becoming an adult.
A similar behavior pattern was described by
Mytton and Keith (1981). Both sexes dis-
persed, but males appeared more prone to
disperse than females. Yearlings that did not
disperse selected home ranges in the vicinity
of where they were captured and monitored
as calves. Gasaway et al. (1980) reported a
low rate of dispersal from a low density
moose population in Alaska, and suggested
that a higher dispersal rate may occur in
denser populations. The subadult dispersal
rate we observed may be the combined result
of rapid population increase (Bowden and
Kufeld 1995) on sites where moose were
introduced (Duvall and Schoonveld 1988),
coupled with subadult moose dispersing to
previously unoccupied, suitable habitat
(Nowlin 1985). This suggests that a viable
moose population likely will become estab-
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lished throughout Colorado in suitable habi-
tat as a result of the previous strategic trans-
plants described by Duvall and Schoonveld
(1988) and Olterman et al. (1994).

Radio-collared moose of both sexes, 2
years old, selected well defined annual home
ranges of variable size depending on charac-
teristics of movement of individual moose.
These annual home ranges often included
several areas of variable size that the animal
occupied seasonally (Hauge and Keith 1981),
spaced at varying distances. These areas
tended to be lower in elevation during winter
and higher during spring, summer and au-
tumn, indicating that most moose were sea-
sonally migratory. The observation that most
movement from autumn to winter use areas
on our study area appeared related to snow
depth agrees with findings of Kelsall (1969),
Coady (1974), Van Ballenberghe (1977), and
Sandegren ef al. 1985). Hundertmark et al.
(1990) reported that moose in southeastern
Alaska avoided snow >80 cm deep. Howev-
er, some of our radio-collared individuals
appeared to migrate for reasons unrelated to
snow depth, similar to migration reported for
moose in southcentral Alaska (Van
Ballenberghe 1977). Once areas of seasonal
use were established individual moose usual-
ly exhibited fidelity to winter and summer
areas, over time, consistent with that report-
ed in other studies (Coady 1974, Van
Ballenberghe 1977, Cederlund and Sand
1990). Occasionally, an individual animal
would make a “trip” of short duration to a
spot some distance away from one of its
seasonal concentration areas but would then
return.

Seasonal Habitat Selection

Because all moose locations were ob-
tained in daylight, habitat use described herein
reflected only diurnal use. Beyer and Haufler
(1994) found that descriptions of habitat use
patterns based on daylight made observa-
tions may differ from use patterns based on
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24-hour sampling.

The importance of willow for moose has
been described by numerous investigators
(Phillips et al. 1973, Peek 1974, Ballard et al.
1991, Risenhoover 1989, Borkowska and
Konopko 1994). In our study moose used
willow extensively for both food and cover.
Many individual moose were located exclu-
sively in willow for several months or even
years where extensive willow habitats oc-
curred at lower elevations along river bot-
toms. These river bottoms were paralleled by
vast, treeless, expanses of sagebrush habitat.
No locations of moose were recorded in
sagebrush during the study. It appeared that
the willow habitat on our study area can
supply all of the needs of moose as long as (1)
willows are tall enough to provide hiding and
thermal cover, and (2) the area of willow is
large enough so that the habitat can adequate-
ly provide food and cover needs of the ani-
mals for a long time.

Lodgepole pine has been reported as a
winter forage of moose (Harry 1957, Hou-
ston.1968, Schladweiler 1974, Ritchie 1978).
Part of the relatively large amount of time
radio-collared moose spent in this type may
have been to forage on lodgepole pine. How-
ever, the importance of this habitat type and
the spruce-fir type may be in their value as
hiding and thermal cover (Schwab and Pitt
1991). Radio-collared moose locations in
the lodgepole pine and spruce-fir types were
usually in close proximity to willow habitat.
Because the coniferous forests in North Park
have very little shrub understory we believe
these types were used mainly for cover and
that willow provided the majority of forage.
Lodgepole pine and spruce-fir forests could
be important in providing cover for moose at
higherelevations because: (1) willow at high-
er elevations was shorter than at lower eleva-
tions and offered food but little cover, and (2)
the width of willow habitat along drainages
decreased with elevation,

Numerous studies have reported in-
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creased use of clearcuts by moose as a result
of clearcutting coniferous forests (Parker and
Morton 1978, Doerr 1983, Monthey 1984,
Matchett 1985, Cederlund and Okarma 1988).
In those instances moose responded to a
browse understory that was released by
clearcutting resulting in an improved stand
of forage. Matchett (1985) reported, howev-
er, that clearcuts with little or no browse
regeneration were used rarely. Eason (1989)
observed that moose densities were higher in
>0.7 km? blocks of standing timber left after
logging than in smaller blocks, and blocks
>5.0 km? had higher densities of moose than
did medium sized blocks. Eason (1989)
attributed this to a lack of cover in logged
areas and to improved access for hunters due
to construction of logging roads. Because
the lodgepole pine and spruce-fir forests in
North Park have little browse understory to
be released, recent clearcuts are nearly de-
void of vegetation except for grass, new
growth of lodgepole pine, and occasionally
young aspen, if aspen was present before
logging. This absence of food and cover
likely resulted inradio-collared moose avoid-
ing recent clearcuts.

MANAGEMENT IMPLICATIONS

Because both sexes of moose dispersed
relatively long distances and in many direc-
tions as subadults, a viable moose population
likely will become established throughout
suitable habitat in Colorado as a result of 3
previous transplants of moose to Colorado
described by Duvall and Schoonveld (1988),
Kufeld (1994), and Olterman et al. (1994).
Given the importance of willow habitat in
riparian areas in providing forage as well as
hiding and thermal cover for moose, we rec-
ommend that such habitat on ranges of moose
be protected from all human influences which
could reduce its value to moose. Such influ-
ences include over grazing by livestock, and
logging and land development in close prox-
imity to willow habitat.
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Nearly all locations of radio-collared
moose in lodgepole pine and spruce-fir for-
ests were in mature timber stands and near
willow habitat. This pattern of use suggests
specific management constraints when log-
ging operations are conducted in a willow-
coniferous forest habitat complex where there
is little or no understory browse. We suggest
thatlogging in such habitats should: (1) main-
tain mature timber stands adjacent to willow
bottoms, and (2) provide a mosiac of rela-
tively large areas of uncut, mature timber.
The need for maintaining old growth timber
to provide cover for moose in a habitat com-
plex similar to our study area has been sup-
ported by Tyers and Irby (1995). Hamilton ez
al. (1980) observed that 95% of all browsing
activity was confined to within 80 m of
cover. Mastenbrook and Cumming (1989)
reported that moose used areas near corridors
of residual timber within clearcuts during
winter and preferred the area within 45 and
90 m of cover. Given the lack of use of
clearcuts by radio-collared moose in our study
we recommend that strips of uncut, mature
timber be maintained within 250 m of willow
bottoms, and that clearcutting be designed to
result in a mosiac of relatively large patches
(>0.7 km? and preferably > 5.0 km?) of uncut,
mature timber. We suggest that no point in a
clearcut be more than 100 m from cover.
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