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ABSTRACT: Winter habitat use by moose (4dlces alces) is typically comprised of regenerating forest
and softwood cover in the northeastern United States, and globally, high winter densities are of con-
cern relative to forest damage. Habitat variables associated with winter locations of moose collected
during aerial surveys in Maine in 2011 and 2012 were compared to available habitat at multiple land-
scape scales. Mixed forest was the most used land cover type at both the location and 5 ha scales
(35.1% and 31.3%, respectively). Although regenerating forest habitat was used only in proportion
to availability, the proximity to recent clearcuts, light partial cuts, and heavy partial cuts was an import-
ant predictor of moose location. The used proportion of coarse habitat variables (i.e., mature and re-
generating forest) were similar to those available in each aerial survey block, indicating that
heterogeneous and productive moose habitat is widely available across the commercial forest land-
scape of northern Maine. Moose locations derived from aerial surveys can provide insight about
spatial distribution and habitat use across the landscape, identify local density in areas where
forest regeneration is of concern, and monitor population responses to commercial forest manage-
ment practices.
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Moose (Alces alces) exhibit patterns of Although moose are reasonably mobile
habitat use that indicate generalist behavior, in typical winter conditions in northern
but often have seasonal preference for spe- New England, habitat use is influenced by
cific habitat variables. Peek (1997) consid-  weather, snow depth, forage availability, and
ered moose “selective generalists” due to  cover. Moose minimize energy expenditure
their selective use of certain habitats when and reduce home range in winter (Peek 1997,
seasonally advantageous. Habitat selection Renecker and Schwartz 1997b), indirect evi-
in all seasons is primarily driven by food dence of the importance of winter habitat rela-
abundance and quality (Vivas and Saether tive to individual and population productivity.
1987), and access to adequate thermal cover At the fine scale, cut/regeneration habitat
(Karns 1997, Dussault and Ouellet 2004). In  is used more than other habitat types during
northern New England, commercial timber winter in New Hampshire, presumably be-
harvesting typically provides heterogeneous cause of high forage availability and prefer-
forests with stands of varying age that pro- ence (Scarpitti 2006). The most significant
vide high quality forage and cover for moose  landscape characteristic influencing winter
(Leptich and Gilbert 1989, Scarpitti et al. locations in northeast Vermont was proximity
2005). to forest openings/timber cuts that presumably
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provide important seasonal browse (Millette
et al. 2014). Areas where moose concen-
trate habitually in high seasonal density are
often associated with forest damage globally
(Heikkila et al. 2003). For example, high
winter densities of moose were associated
with heavy browsing, limited growth, and re-
generation of birch (Betula spp.) in New-
foundland (Bergerud and Manuel 1968),
and low regeneration in specific cutover sites
adjacent to traditional wintering areas in New
Hampshire (Bergeron et al. 2011). It was
predicted that such sites were shifting from
hardwood to coniferous dominance in both
northeast Vermont (Andreozzi et al. 2014)
and northern New Hampshire (Bergeron et al.
2011).

Winter aerial surveys conducted by The
Maine Department of Inland Fisheries and
Wildlife (MDIFW) in 2011 and 2012 mea-
sured moose abundance in specific northern
Wildlife Management Districts (WMD) with
presumed high moose density (Kantar and
Cumberland 2013), and additional surveys
determined sex-age composition. Each ob-
servation had an associated GPS location
providing the ability to identify and assess
habitat use by moose during the survey period.
While habitat use patterns are generally
known for moose throughout their range,
and specifically in New Hampshire (Miller
1989, Scarpitti et al. 2005, Scarpitti 2006)
and Maine (Leptich and Gilbert 1989,
Thompson et al. 1995), it is important to con-
tinually examine how these patterns are ex-
pressed on a local scale and respond to habitat
(forest) change (Peek 1997). Identifying the
seasonal habitat use of moose should pro-
vide information on the relative proximity
and dispersion of forage and cover resources
(Hundertmark 1997) and provide regional
insight about the relationship between forest
harvest practices and moose populations.

This GIS analysis was conducted to
measure habitat and landscape characteris-
tics associated with locations of moose
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observed during winter aerial surveys in
northern Maine. Millette et al. (2014), who
originally measured moose abundance, used
a similar approach to identify winter habitat
use relationships in northern Vermont. The
primary objectives were to identify the habi-
tat type associated with locations, determine
if locations were random relative to habitat
availability, and identify land cover charac-
teristics related to locations.

STUDY AREA

The study area encompassed those
WMDs flown in each survey year: WMDs
2, 3 and 6 were flown in winters 2010 and
2011, and WMDs 1, 2, 3,4, 5, 8, 11 and 19
in winters 2011 and 2012 (Fig. 1). The sur-
vey area totaled ~32,950 km? and included
Aroostook County and northern portions
of adjacent Franklin, Hancock, Penobscot,
Piscataquis, Somerset, and Washington
Counties which are dominated by commer-
cial forests comprised primarily of spruce
(Picea spp.), balsam fir (4bies balsamea),
northern white cedar (Thuja occidentalis),
and white pine (Pinus strobus), with mixed
hardwoods of aspen (Populus spp.), birch
(Betula spp.), beech (Fagus grandifolia), and
maple (Acer spp.) (Kantar and Cumberland
2013). The forest composition in each WMD
was described by 7 forest habitat variables
(Maine Office of Geographic Information
System 2004), and each survey block was
representative of the proportional availability
of the 7 habitat variables within a WMD.
Most blocks were dominated by uncut (>50%
combined) and cut (>20%, various treat-
ments) forest; recent cuts and regenerating
habitat were available in all survey blocks
(Table 1; L. Kantar, unpublished data).

METHODS
The WMDs with highest moose den-
sity (based on hunter sighting rates and
highest harvest rates and permit allocations)
were prioritized for the aerial surveys except
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Fig. 1. Maine Wildlife Management Districts (shaded) used for double-count aerial surveys and sex-
age composition surveys during winters 2011 and 2012, northern Maine, USA.

WMD 11 which was surveyed to evaluate the
reliability of the survey technique at lower
density. Survey blocks were 15 x 24 km rec-
tangles selected by assessing the propor-
tion of habitat variables within each survey
block, and prioritizing the block that was most
representative of the overall habitat in the
WMD. The double-count survey occurred
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when moose mobility was unrestricted (snow
depths <61 cm), ambient temperature was
relatively cold (<—12 °C), and no obvious
group-ing was evident (Kantar and Cumber-
land 2013); the same conditions were met
during the composition surveys. Moose loca-
tions (n = 481; >1 moose/location) were
acquired during abundance surveys in 2011



WINTER HABITAT USE — ANDREOZZI ET AL.

ALCES VOL. 52, 2016

Table 1. Forest composition (%) of survey blocks within Wildlife Management Districts (WMD) flown in
double-count and age-sex composition aerial moose surveys during winters 2011 and 2012, northern

Maine, USA.

Mixed Recent Cuts/ Crops/

Forest Deciduous  Coniferous Partial Regenerating Forest/ ~ Wetland ~ Grassland
WMD (%) Forest (%) Forest (%)  Cuts (%) Scrub-Shrub (%) (%) (%)
1 21.7 10.4 359 21.4 6.7 4.0 0.0
2 40.7 17.8 14.1 12.9 9.9 4.5 0.1
3 30.5 18.1 23.9 33 10.3 7.1 6.9
4 17.4 16.3 217 18.0 17.6 8.9 0.1
4 15.5 25.8 14.6 20.3 16.9 6.7 0.1
5 42.2 4.9 233 15.6 7.8 6.0 0.1
6 33.0 12.0 20.0 4.7 4.0 10.0 15.6
8 15.2 21.0 29.7 20.6 10.9 2.6 0.1
11 42.8 7.0 20.0 15.4 4.1 9.5 1.2
19 30.4 6.8 34.0 11.3 7.6 9.6 0.4

(28 January — 1 February) and 2012 (13
December 2011 — 8 February 2012), and
composition surveys in 2012 (13 December
2011 — 3 February 2012) (Table 2). The
GPS coordinates were collected at each ob-
servation location; the number of moose at
each location ranged from 1 (n = 215, 45%)
to 16 (n = 1), with groups >5 restricted to
composition surveys.

Habitat Use

All GPS locations were defined as used
locations and mapped in ArcGIS (ESRI 2010)
to identify habitat characteristics in a use-
availability analysis. An equal number of
random points were generated using the
“Generate Random Points” tool (ESRI
2011) to represent available locations within
each flight survey block. Because most
moose were moving (disturbed) from the
helicopter, and to evaluate a reasonable spa-
tial scale of habitat use, a circular buffer
(4.9 ha) was placed around each used and
available location as a conservative estimate
of diurnal habitat use; this buffer also
accounted for any GPS error. The ~5 ha scale
is representative of a circular polygon with a
radius of 125 m that was the average
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distance moved by moose in a 2-hour period
in northwest Wyoming (Becker 2008).

Land cover types were identified using the
Maine Landcover Dataset 2004 (MELCD:

Table 2. Survey dates and number of locations
collected during aerial double-count and compo-
sition count surveys by WMD during winters
2011 and 2012, northern Maine, USA.

Date WMD Locations (n)

Double-count
28-Jan-11 2 33
31-Jan-11 3 24
1-Feb-11 6 13
13-Dec-11 2 27
8-Jan-12 5 11
9-Jan-12 4 40
11-Jan-12 1 26
22-Jan-12 19 21
26-Jan-12 8 17
2-Feb-12 4 31
8-Feb-12 11 4

Composition count
13-Dec-11 2 66
28-Dec-11 3 63
22-Dec-11 4 55
3-Feb-12 8 50
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Maine Office of Geographic Information Sys-
tem 2004), and applied to used and available
units at all spatial scales. Cover types that
were not utilized or did not occur in the study
area or flight paths were not used in analysis.
Relevant cover types were aggregated into 7
habitat variables previously used in the selec-
tion of survey blocks for the aerial surveys:
1) mixed forest, 2) deciduous forest, 3)
coniferous forest, 4) partial cuts, 5) recent
clearcuts/regenerating forest/scrub-shrub, 6)
wetlands, and 7) crops/grasslands (Kantar
and Cumberland 2013). Additionally, recent
clearcuts, partial cuts, regenerating forest, and
scrub-shrub were analyzed as a combined
variable to reflect an overall regenerating land
cover class providing typical winter browse.
A separate habitat variable was created com-
bining recent clearcuts, heavy partial cuts,
and light partial cuts to evaluate the proximity
of used and available units to forest cuts in
general. Used and available units were also
analyzed for proximity to mature conifer,
using the coniferous forest land cover classi-
fication from MELCD. National Elevation
Data (NED) from the U.S. Geological Survey
was used to assess elevation, slope, and
aspect.

Statistical Analysis

General linear mixed model (GLMM)
analysis was performed using JMP software
(SAS Institute, Cary, North Carolina, USA)
to identify individual habitat variables that
differed between used and available units at
all landscape scales. These individual hy-
pothesis tests were used to inform variable
selection for use in eventual model selec-
tion under an information-theoretic approach
(Anderson et al. 2001). Land cover classes,
elevation, slope, aspect, proximity to cuts,
and proximity to mature conifer were treated
as fixed-effects for individual analyses;
WMD was treated as a random effect in all
analyses to remove variation due to habitat
differences within WMDs. Habitat variables
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with significant difference (P<0.05) be-
tween used and available units were used as
inputs for model selection.

Model selection was performed with a
mixed effects logistic regression model using
R statistical software (R Development Core
Team 2013) using the Ime4 package (Bates
et al. 2012); this analysis was used to
identify those combinations of habitat vari-
ables that most influence moose presence.
Significant habitat variables from the indi-
vidual GLMM analyses were treated as fixed
effects; WMD was treated as a random effect
in all models. Model comparisons were made
using the Akaike Information Criterion
(AIC,) scores; top competing models were
those with AAIC. <2.0 and the best fitting
model was determined by identifying the
model with the lowest AIC, score and high-
est Akaike weight (Burham and Anderson
2002). Model parameter coefficients were
averaged for top competing models (i.e.,
AAIC, <2.0) using the MuMIn package
(Barton 2013) in R. Significance values
were not reported for model parameter coef-
ficients as they are considered inappropriate
when using the information-theoretic ap-
proach (Anderson et al. 2001). Results are
presented throughout as X + SE.

RESULTS

Habitat composition of used units was
dominated (~95%) by 5 habitat variables
that were similar (0—4% different) at the loca-
tion and 5 ha scale. The primary composition
at the location scale was 35.1% mixed forest,
19.1% deciduous forest, 14.5% coniferous
forest, 15.2% partial cuts, and 11.8% recent
cuts/regenerating forest/scrub-shrub. Simi-
larly, habitat composition at the 5 ha scale
was 31.3% mixed forest, 20.7% deciduous
forest, 17.56% partial cuts, 14.5% coniferous
forest, and 11.4% recent cuts/regenerating
forest/scrub-shrub.

Significant differences were found be-
tween used and available units at locations
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and the 5 ha scale in the individual GLMM
analyses of habitat variables. Used locations
included more deciduous forest (7.3%, F =
8.92, P =0.003) than at available locations;
conversely, wetlands (3.3%, F = 5.64, P =
0.018), crops/grassland (2.1%, F = 7.64,
P = 0.006), and coniferous forest (3.7%,
F = 3.11, P > 0.05) were less common at
used than available locations (Fig. 2). At
the 5 ha scale, used areas included more de-
ciduous forest (6.3%, F = 8.18, P = 0.004)
and partial cuts (4.1%, F = 4.50, P = 0.034)
than in available areas; coniferous forest
(3.7%, F =4.58, P=0.033), wetlands (2.2%,
F = 4.56, P = 0.033), and crops/grassland
(1.9%, F = 9.85, P = 0.002; Fig. 2) were
used less than available. There was no de-
tectable difference (P > 0.05) between used
and available units in the combined regener-
ating habitat variable (recent clearcuts,
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partial cuts, regenerating forest, and scrub-
shrub) at either scale. Similarly, there was
no detectable difference in mixed forests
that represented the largest proportion of
used and available units at both scales
(28.8-35.1%; Fig. 2).

Used locations were in closer proximity
to cuts (299.4 £ 66.8 m) than available loca-
tions (410.4 + 66.8 m, P <0.0001); similarly,
at the 5 ha scale (P < 0.0001; Fig. 3) used
units were closer to cuts (215.1 = 62.2 m)
than available units (319.1 + 62.2 m). There
was no detectable difference (P > 0.05) in
proximity to mature conifer between used
and available units at either scale.

Elevation was higher at used (291.6 +
39.4 m) than available locations (280.1 +
394 m; P = 0.012), and likewise at the
5 ha scale (291.3 £ 39.6 m vs. 280.1 +
39.6 m, P = 0.014). Directional aspect was

5ha
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Fig. 2. Proportion (%) of cover types within used (U) and available (A) units for locations and the 5 ha
landscape scale during winters 2011 and 2012 in northern Maine, USA. Units are starred (*) that are
different (P < 0.05) within each cover type at the location and the 5 ha scale.
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Fig. 3. Mean distance (m) to cuts of used and
available units at locations and the 5 ha land-
scape scale during winters 2011 and 2012,
northern Maine, USA. Distance was less (P <
0.05) at both used scales; bars reflect the SE.

not different (P > 0.05) at either scale, with
the exception of northeast-facing slopes
used less than available at locations (4.0%,
F =3.86, P =0.049). Flat aspects accounted
for <3% of available units and had no data
points at used units; this aspect class was
removed from the analysis. There was no de-
tectable difference in slope (P > 0.05) at
either scale.

The habitat parameters used in the logis-
tic regression mixed effects models were de-
ciduous forest, coniferous forest, wetlands,
distance to cuts, and elevation. The model
that best explained (lowest AIC. score)
moose presence included deciduous forest,
distance to cut, and wetlands at both the
location and 5 ha scales (Table 3). Specifi-
cally, locations were most influenced by
a higher proportion of deciduous forest
(B =0.516, SE = 0.179), shorter distance to
cuts (B = —0.269, SE = 0.072), and smaller
proportion of wetlands (p = —0.596, SE =
0.318); likewise, at the 5 ha scale used areas
were most influenced by deciduous forest
(B=0.180, SE = 0.066), distance to cuts (p =
—0.197, SE = 0.054), and wetlands (p =
—0.107, SE = 0.069; Table 3). Models with
AAIC. <2.0 also included smaller
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proportions of coniferous forest and eleva-
tion at both the location (f = —0.209, SE =
0.184 and p = —0.029, SE = 0.071, respect-
ively) and 5 ha scales (p = —0.086, SE =
0.069 and p = —0.044, SE = 0.072, respect-
ively; Table 3).

DISCUSSION

The collection of accurate moose loca-
tions during winter aerial surveys in Maine
resulted in a robust dataset that, while
time-specific, was efficient, relatively cheap
compared to long-term collaring efforts,
and repeatable. The number (n = 481) of
locations (i.e., moose) and 5 ha areas ana-
lyzed in this study over a ~2 month time per-
iod was reasonable when compared to
traditional studies. Thompson et al. (1995)
assessed winter habitat use of cow (n = 10)
and bull (n = 4) moose in Maine with a sea-
sonal mean of 5.8 and 5.4 observations, re-
spectively. In New Hampshire, Scarpitti
(2006) evaluated seasonal habitat use of
cow moose using 42 and 54 core areas
(2.6-3.7 km?) in early and late winter,
respectively.

This modeling exercise indicated that
proximity to regenerating forests in the form
of recent clearcuts, light partial cuts, or
heavy partial cuts is an important predictor
of the location of moose during winter in
northern Maine (Table 3, Fig. 3). In previous
research, 87% of winter observations in
Maine were in areas that had been logged
within 10-30 years (Thompson et al. 1995).
Similarly, cut/regeneration habitat was used
more than expected in early winter and
dictated habitat use at the fine scale in New
Hampshire (Scarpitti 2006), regenerating
stands were used more than available in early
winter in Massachusetts (Wattles 2011), and
moose locations were influenced by the
relative distance to forest openings asso-
ciated with timber harvest in Vermont
(Millette et al. 2014). Unlike in summer
when high quality forage is available
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Table 3. The total number of parameters (K), log likelihood statistic (logLik), AIC, score, delta AIC,, and
model weight for top competing location and 5 ha landscape scale models (i.e., delta AIC, scores <2), and
the estimates and standard error (SE) for the model-averaged coefficients.

Locations

Model selection based on AIC, K logLik AIC.  Delta Weight
Deciduous + Distance to Cut + Wetlands 5 —652.41 131487 0 0.40
Coniferous + Deciduous + Distance to Cut + Wetlands 6 —651.76 1315.61 0.73 0.28
Deciduous + Distance to Cut 4 —654.26 1316.55 1.68 0.17
Deciduous + Distance to Cut + Elevation + Wetlands 6 —652.32 131673 1.86  0.16
Model-averaged coefficients Estimate SE
(Intercept) —0.060 0.081
Deciduous 0.516 0.179
Distance to Cut —0.269 0.072
Wetlands —-0.610 0.318
Coniferous —0.209 0.184
Elevation —0.029 0.071

5 ha Landscape Scale
Model Selection based on AIC, K logLik AICc  Delta Weight
Deciduous + Distance to Cut + Wetlands 5 —653.79 1317.65 0 0.24
Deciduous + Distance to Cut 4 —654.96 1317.96 0.31 0.21
Coniferous + Deciduous + Distance to Cut + Wetlands 6 —652.96 1318.00 0.36  0.20
Coniferous + Deciduous + Distance to Cut 5 —654.27 1318.60 0.95  0.15
Deciduous + Distance to Cut + Elevation + Wetlands 6 —653.64 131936 1.72  0.10
Coniferous + Deciduous + Distance to Cut + Elevation + 7 —652.73 1319.57 1.92 0.09
Wetlands
Model-averaged coefficients Estimate SE
(Intercept) —0.032 0.066
Deciduous 0.180 0.070
Distance to cut —0.197 0.054
Wetlands —-0.107 0.069
Coniferous —0.086 0.069
Elevation —0.044 0.072

in more habitat types (Scarpitti 2006), regen-
erating forests are preferentially used in
winter because concentrated, abundant
browse allows moose to forage efficiently
(Belovsky 1981).

While the distance to cut was shorter
for used than available units at both the loca-
tion and 5 ha scales (Fig. 3), the combination
of habitat variables reflecting regenerating
forest habitat (recent clearcuts, partial cuts,
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regenerating forest, and scrub-shrub) was
used in proportion to availability at both
scales.

It is possible that partial cuts have a
shorter distance to edge that provides both
browse and cover in closer proximity, and
therefore are more influential in moose use.
For example, moose in Ontario showed pref-
erence for edge provided by strips (100-
200 m) of uncut timber over locations within
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clearcuts without edge (Mastenbrook and
Cumming 1989). However, caution should
be taken in examining narrowly-defined
habitat variables in use:availability analysis.
Variables don’t necessarily describe behav-
ioral recognition or choice, and importance
could reflect high/low availability and not
absolute use. For example, moose may
seem to be specialists under certain variables
(i.e., distance to cut) and generalists under
others, particularly as they are combined or
made coarser (i.e., regenerating/foraging
habitat). Additionally, high availability of a
habitat can mask the importance of its use;
for example, despite being used in propor-
tion to its availability, mixed forest was the
most used land cover type at both the loca-
tion and 5 ha scales (35.1% and 31.3%,
respectively; Fig. 2).

Deciduous forests were preferentially
used and were important in predicting loca-
tions (Fig. 2, Table 2). Winter habitat use in
Maine is primarily influenced by food avail-
ability until snow depth becomes restrictive,
and moose are commonly located where suf-
ficient hardwood browse is available (Morris
1999). Moose feed mostly on deciduous vege-
tation (Renecker and Schwartz 1997a) and
seek out the highest biomass of dormant
shrubs and palatable forage during the period
of time after the rut and into winter (Peek
1997). While not included in the top compet-
ing model at either landscape scale, locations
were associated with a smaller proportion
of coniferous forest (Table 3). While forage
is likely more accessible and nutritious in
deciduous, mixed, and regenerating forests
during early winter, cover provided by con-
iferous forest is probably an important habitat
variable when snow depth impedes move-
ment or as thermal cover in later winter/early
spring as ambient temperature rises, condi-
tions avoided in this study. Moose in New
Brunswick showed preference for more open
and deciduous forest types in early winter
and preference for dense conifer stands in
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late winter (Telfer 1970), and radio-collared
moose in central Massachusetts showed in-
creasing selection for conifer stands as win-
ter progressed (Wattles 2011). Abundance
of food resources, not availability of cover,
is likely the most important factor in predict-
ing habitat use in early winter in Maine, but a
heterogeneous forest that provides both for-
age and shelter probably increases in use as
winter progresses.

Elevation, while not included in the best
fitting model, was higher in used than avail-
able units throughout the study area. The
slightly higher elevation (~11 m) may reflect
avoidance of wetlands in winter as used loca-
tions had a smaller proportion of wetlands
than available habitat (Table 3). Wetland habi-
tats at lower elevations may be important pre-
dictors of moose locations from late spring
through autumn when insects, thermoregula-
tion, and aquatic forage influence habitat use,
but play no role in winter habitat selection
(Peek et al. 1976, Peek 1997). Previous re-
search in Maine found that moose moved
from lowland (<305 m) into mid-elevation
areas (367427 m) in early winter, and oc-
curred at slightly higher elevations later in
winter (Thompson et al. 1995). However,
the ~11 m difference in elevation that we mea-
sured is probably biologically insignificant.

Trends in used habitat variables were
similar at locations and the 5 ha scale; specif-
ically, the majority of used units were found
in mature (mixed, deciduous, and conifer-
ous) and regenerating forest (recent clear-
cuts, partial cuts, regenerating forest, and
scrub-shrub, Table 4). The used proportion
of these coarser habitat variables (i.e., mature
and regenerating forest) were similar to those
defined for each survey block, and ultimately
the respective WMD (Table 4). Northern
Maine is considered high quality moose
habitat due to commercial timber harvesting
that produces stands of varying age and size
providing adequate forage and cover throug-
hout the region, and this heterogeneous
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Table 4. A comparison of the mean proportion (%)
+ SE of coarse cover types (i.e., mature and
regenerating forest) within used units at locations
and within the 5 ha landscape scale and the
proportions within survey blocks during winters
2011 and 2012, northern Maine, USA.

Proportion Mature Forest (%)
WMD Location (used) 5 ha (used) Survey block

1 73.1 +£8.9 70.7 £ 6.8 68.0
2 73.0 +4.0 75.8+3.1 72.6
3 80.5+4.3 77.5+3.1 72.4
4 57.8+52 57.8+42 554
4 54.8 £9.1 50.0+7.3 55.9
5 90.9 £9.1 70.1 £11.5 70.4
6 538+ 143 62.6=+11.6 65.0
8 52.8+59 524 +45 65.9
11 100.0 £ 0.0*  80.2 +7.7 69.8
19 76.2+£9.5 73.9+79 71.2
Proportion Regenerating Forest (%)
WMD Location 5ha(Used) Survey block
(Used)
1 26.9 £ 8.9 25.7+£6.9 28.1
2 24.6 £3.9 22.3+3.0 22.8
3 17.2 £4.1 17.6 £ 3.0 13.6
4 41.1+£52 409 £ 4.2 35.6
4 35.5+8.7 429+7.5 37.2
5 9.1 +09.1 23.2+11.0 234
6 154 +10.4 9.6 +6.1 8.7
8 403 £5.8 40.5+4.4 31.5
11 0.0£0.0 18.1 £ 8.0 19.5
19 19.0 + 8.8 209 +6.9 18.9

*Small sample size (n=4) likely influenced proportions.

habitat is key to the current high regional
population (MDIFW 2012).

Because moose browsing can substan-
tially alter plant communities and affect the
structure and dynamics of forest ecosystems
(Mclnnes et al. 1992, Renecker and Schwartz
1997a), there are important implications for
forest management since moose prefer for-
age in clearcut and early successional habitat
(Westworth et al. 1989, Scarpitti et al. 2005).
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Browse consumption is strongly determined
by its spatial distribution (Vivas and Saether
1987) and forage availability is an important
factor in moose foraging behavior, irrespec-
tive of scale (Dussault et al. 2005, Mansson
et al. 2007). Integrated management of an
abundant moose population with commer-
cial forestry in northern Maine requires bal-
ancing moose density with their potential
post-harvest influence on forest regenera-
tion and stand composition (Bergeron et al.
2011, Andreozzi et al. 2014).

Extensive use of cutover areas by female
moose in Maine is indicative of how forest
harvesting practices create beneficial inter-
spersion of food and cover (Leptich and
Gilbert 1989). The best moose habitat in
Maine is associated with commercially har-
vested forest (Morris 1999), and >25% of
the study area was classified as some form
of cut habitat. However, there are economic,
political, and social issues associated with
forest harvest practices and mandated changes
could influence the relative abundance of
moose in northern Maine (Morris 1999).
Concern about the effects of heavy clear-
cutting in the 1970s and 1980s, particularly
in response to a substantial spruce bud-
worm (Choristoneura fumiferana) outbreak
(Griffith and Alerich 1996), resulted in the
Maine Legislature passing The Maine Forest
Practices Act in 1989 (Maine Forest Service
1999). This act limited the size of clearcuts
(<250 acres) and led to a dramatic shift
from clearcutting to partial harvests begin-
ning in the early 1990s; for example, ~93%
of the 444,339 acres harvest in Maine was
defined as partial harvest in 2011 (Maine
Forest Service 2011). This harvest practice
will presumably produce abundant and
patchily distributed browse and cover in clo-
ser proximity than created by larger clear-
cuts. The relatively high moose density
estimates in much of the study area (2.0-4.0
moose/km?;, Kantar and Cumberland 2013)
may reflect such habitat change.
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Analyses and modeling with data from
single locations of individuals, rather than
continuous locations from radio-collared ani-
mals, pose some concern and limitation for
application across spatial and temporal scales.
However, our habitat use information was
analogous with past regional studies, and im-
portantly, was labor efficient and provided
added value to annual surveys. Subsequent
surveys in the same WMDs should identify
temporal changes in moose abundance and
distribution important in developing man-
agement strategy. Expansion and continu-
ation of such analyses should also prove
useful in examining the spatial distribution
of moose across the landscape, the concen-
tration of moose in habitat vulnerable to
browsing damage, and long-term temporal
relationships between moose population
responses and timber harvesting practices in
northern Maine.
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