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ABSTRACT: Ecosystem management for biological conservation should include consideration of
landscape-scale processes such as the habitat requirements of focal species. Moose (4dlces alces
americana) have been identified as an appropriate target for focal attention in mainland Nova
Scotia. Currently, the population is at risk, and strategies for conservation should include the
protection of sufficient habitat to meet the spatial requirements of the population. Delineation of
spatial habitat requirements calls for an understanding of species-habitat associations and the
distribution of suitable habitat across the landscape. To this end, habitat suitability in Nova Scotia
was assessed relative to four criteria: (1) food availability; (2) conifer cover; (3) mixed-wood
cover; and, (4) aquatic resources. Model predictions were tested by comparing habitat suitability
values to provincial pellet inventory data. Road density was found to be more important than
habitat composition in determining moose pellet distribution.
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Ecosystem management for biological suitable habitat across the landscape must
conservation should incorporate coarse-fil-  be understood to identify and delineate the
ter considerations, such as adequate pro- spatial habitat requirements for long-term
tection of all natural landscapes, and fine- species persistence.
filter considerations including the habitat In this paper we describe the develop-
requirements of focal species (Noss 1995, mentand application of a habitat suitability
1996; Miller et al. 1998/99; Noss et al. model for moose in mainland Nova Scotia.
1999). In Nova Scotia, American moose This analysis forms part of a larger project
(Alces alces americana) has been identi- which describes the current status and dis-
fied as an appropriate target of focal atten-  tribution of moose populations within the
tion (Beazley 1997, Snaith and Beazley context of biodiversity conservation, and
2002). develops management recommendations for

The spatial requirements of wide-rang-  protected areas system design in Nova
ing species such as moose are an important  Scotia (Beazley et al. 2002).
consideration in the determination of the
area required to maintain biodiversity ata Moose Populations in Nova Scotia
landscape scale (Noss 1995). Determina- Prior to European colonization, moose
tion of spatial requirements must incorpo- were widely distributed and abundant
rate consideration of ecological processes throughout Nova Scotia. However, there
such as population viability, range use,and  have been fluctuations and general declines
habitat requirements. In addition, the sup- in moose numbers since the early seven-
ply, composition, and spatial distribution of  teenth century (Dodds 1963, Pulsifer and
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Nette 1995). Currently, mainland Nova
Scotia is thought to contain approximately
1,000 moose, fragmented among a number
ofisolated smaller populations (A.L. Nette,
M. Pulsifer, and R. Hall, Nova Scotia De-
partment of Natural Resources, personal
communication). Moose are at risk of ex-
tirpation in mainland Nova Scotia, and will
require special management attention if they
are to persist (Pulsifer and Nette 1995,
CESC 2001).

A wide range of factors have been in-
voked to explain the declining moose
populations. Over-harvesting, habitat con-
version, brain worm (Paralephostrongylus
tenuis), winter ticks (Dermacentor
albipictis), and black bear (Ursus
americanus) predation are among the fac-
tors affecting moose populations in Nova
Scotia, and may regulate or limit moose
density (Pulsifer and Nette 1995, Snaith
and Beazley 2004). Although there is cur-
rently no legal moose hunt in mainland
Nova Scotia, hunting has been associated
with major declines in the past, and may
still be a marginal factor as there is evi-
dence to indicate that some poaching oc-
curs (Snaith and Beazley 2004).

Human land-use, including settlement
and development, land clearing, cultiva-
tion, urbanization, and recreational devel-
opment, restrict and eliminate moose habi-
tat (Houston 1968, Dodds 1974). Roads
may fragment habitat, isolate populations,
and affect moose density by constraining
movement and habitat use, influencing habi-
tat quality, favouring competitors or preda-
tors, causing mortality by vehicle collision,
or by allowing increased human access and
poaching pressure (Houston 1968, Prescott
1968, Peek et al. 1987, Hogg 1990, Noss
1995, Forman et al. 1997, Rempel et al.
1997, Beazley et al. 2004). Because roads
affect habitat suitability for many large
mammals, it has been suggested that road
density is the best indicator of ecological
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integrity and the intensity of human land-
use (Noss 1995, Forman et al. 1997)

Moose Habitat Requirements in Nova
Scotia

Moose need a diverse and heterogene-
ous habitat. Optimal moose habitat con-
tains a dynamic mosaic of forest patches
with a variety of species and successional
types (Eastman 1974, Telfer 1984, Allen et
al. 1987, Harcombe 1988, Hjeljord et al.
1990, McNicol 1990, Puttock et al. 1996).
Food-producing areas, water bodies, and
patches of dense mature forest are critical
components of moose range. Small-scale
patch dynamics, where open areas are scat-
tered within dense mature forest, are most
beneficial for selective feeding and will
minimize travel between habitat compo-
nents (Timmermann and McNicol 1988,
Jackson et al. 1991, Heikkila et al. 1996).

If present in sufficient quantity, the
productive mixed forests of Nova Scotia
can provide ideal year-round habitat for
moose. Forest cover is a critical habitat
element which provides refuge from snow,
wind, and cold temperatures, and relieves
heat stress during both summer and winter
months (e.g., Peterson 1955; Knowlton
1960; Telfer 1967b, 1970; Coady 1974;
Renecker and Hudson 1986; Thompson and
Euler 1987; Schwab and Pitt 1991; Miquelle
et al. 1992). Because Nova Scotia is near
the southern limit of moose range, thermal
cover, particularly when in close proximity
to forage producing areas, may be a limit-
ing factor for moose in this area, especially
during the hot summer months (Telfer 1984,
Mitra 1999).

Early successional vegetation is the pri-
mary source of moose forage and an impor-
tant habitat element. Open areas following
disturbance such as wind-throw, insect dam-
age, wildfire, or timber harvest often con-
tain good moose forage, as does the
understory of mature forest with abundant
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small canopy openings (e.g., Wright 1956;
Telfer 1967a, 1967b, 1968, 1970; Prescott
1968; Leptich and Gilbert 1989; Bontaites
and Gustafson 1993; Hjeljord and Histol
1999). Studies indicate that moose avoid
foraging in large open areas, and generally
will not move more than 80-200 m from
cover, especially during snowy periods
(Eastman 1974, Hamilton etal. 1980, Tomm
and Beck 1981, Peek etal. 1987, Jackson et
al. 1991, Thompson et al. 1995).
Aquaticresources are an important com-
ponent of moose habitat in many areas
(e.g., Wright 1956, Dunn 1976, Crossley
and Gilbert 1983, Leptich and Gilbert 1989,
Thompson et al. 1995). However, due to
the paucity of wetlands in the Cobequid
area, and the acidity and low productivity
of aquatic systems in the southwestern re-
gion where moose nevertheless persist, the
importance of aquatic vegetation for moose
in Nova Scotia is ambiguous, and it may not
be acritical habitat component (Telfer 1984).
Moose habitat selection and the quality
of available habitat are biogeographically
variable. There is no clear understanding
of moose habitat preferences or the distri-
bution of suitable habitat in Nova Scotia.
We present here the results of a preliminary
assessment of habitat suitability and spatial
distribution based on existing data.

Habitat Suitability Analysis
Quantitative habitat suitability analysis
can be used to determine the potential of
habitat to support moose populations, to
assess the relative suitability of candidate
areas for protection or special management
practices, and to identify measures which
may enhance habitat quality (Allen et al.
1987; Duinker et al. 1991, 1993; Puttock et
al. 1996). Habitat suitability is an important
consideration when applying species area
requirements to the landscape, because the
quality and distribution of habitat will influ-
ence spatial requirements of individuals and
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populations (Allenetal. 1987, Jackson etal.
1991). Anassessment of habitat suitability
must consider all critical habitat compo-
nents including nutritional, reproductive, and
shelter requirements, and may include envi-
ronmental conditions and land-use prac-
tices (Allen et al. 1987, Jackson et al.
1991).

Allen et al. (1987) constructed a Habi-
tat Suitability Index (HSI) model which
quantitatively measures the suitability of
an area to support moose. The HSI model
is based on the assumption that moose re-
quire certain habitat components, and that
an appropriate relative amount of each com-
ponent must be present for the habitat to be
considered optimal (Allen et al. 1987).
However, the model is unable to account
for special habitat characteristics, such as
mineral licks and calving sites, and non-
habitat mortality factors, such as poaching,
predation, and human land-use. Thus, for
this preliminary study, the HSI distribution
will simply be used as a relative ranking of
habitat suitability and potential to support
moose, rather than an absolute index of
potential carrying capacity or population
density.

The objectives of the habitat suitability
analysis were to: (1) analyze the suitability
of moose habitat in Nova Scotia using a HSI
model; (2) based on the model, produce a
theoretical distribution of habitat suitability
across the landscape; (3) test the model by
comparing it to pellet group inventory (PGI)
data as an index of moose distribution; (4)
determine which habitat components may
influence moose habitat selection; and (5)
examine the effects of human land use on
moose habitat selection by using road den-
sity as an index of human influence.

METHODS
Habitat Suitability Index Model Con-
struction
Allen et al. (1987) developed two HSI
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models for moose habitat evaluation in the
Lake Superior Region. Model I involves a
complex assessment of seasonal cover and
browse quantity, quality, and interspersion.
It requires extensive data including height,
density, and species composition of forest
cover; biomass productivity; browse diver-
sity and quality; and interspersion of food
and cover. Model Il provides a less detailed
examination of habitat based on easily ac-
cessible forest cover data and can be used
forrapid, low-resolution evaluation of large
areas. Although Model Il does not consider
the fine scale spatial distribution of habitat
components, it is useful because it is rela-
tively simple and the necessary data are
readily available (Naylor et al. 1992).

The models were designed for use in
the Lake Superior Region and have been
applied and validated in a number of stud-
ies and modified for use in other regions
(Allenetal. 1991, Nayloretal. 1992, Puttock
et al. 1996, Rempel et al. 1997). For this
study, HSI Model II (Allen et al. 1987) was
modified based on extensive literature re-
view and local expert opinion, and applied
to mainland Nova Scotia for preliminary
assessment of moose habitat suitability.
The model was used to conduct a GIS-
based static inventory of the forest cover,
and to estimate the relative potential of the
landscape to support moose.

Forest cover inventory. — The 1992
provincial forest cover inventory (Nova
Scotia Department of Natural Resources,
unpublished data) was used as the input
dataset for habitat coverage. These data
were provided as an ArcInfo® GIS cover-
age (UTM NADS83) representing landscape
vegetation patterns as polygons. Vegeta-
tion was classified by cover type (e.g.,
forested, non-forested), forest type (e.g.,
softwood, hardwood), species composition,
age, and non-forest attributes such as
wetlands and agricultural areas. For this
study, the forest cover dataset was analyzed
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according to the attributes of 4 habitat com-
ponents used in the HSI model (forage,
softwood cover, hard/mixed-wood cover,
and wetlands) (Table 1). Any forest cover
attributes which did not qualify as critical
habitat components had no value in the HSI
calculation. Due to the challenges of using
polygon data for this type of habitat model,
the forest coverage was transformed into
point data with points on a 200 m grid
(Duinkeretal. 1991,1993; McCallum et al.
1993).

Evaluation units. — Habitat suitabil-
ity was calculated individually for a series
of systematically distributed evaluation units,
which together depict the spatial patterns of
HSI values across the landscape (Allen et
al. 1987, Duinker et al. 1991). Based on
considerations of moose home range size,
the total size of the study area, and the
original design of Model II (recommended
evaluation unit of 93 km?or larger) (Allen et
al. 1987, Duinkeretal. 1991), an evaluation
unit size of 100 km? (10 x 10 km) was
selected. The evaluation units were applied
to the province using the moving-window
technique developed by Duinkeretal. (1991,
1993). This technique allows each stand to
contribute to the HSI calculation several
times, provides a more realistic representa-
tion of habitat heterogeneity, and accounts
for the possibility that moose ranges overlap
the boundaries of evaluation units.

Critical habitat components. — The
HSI was calculated based on the relative
availability of critical habitat components
within each evaluation unit. Following Allen
etal.’s (1987) HSI Model 11, suitable moose
habitat contains 4 habitat components; open
forage-producing areas, softwood cover,
hardwood or mixed-wood cover, and
wetlands. The composition of habitat com-
ponents was modified slightly from the origi-
nal model to accommodate the Nova Scotia
forest cover classification system and local
vegetation characteristics (Table 1). For
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Table 1. Habitat component composition and associated forest cover attributes.
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Habitat Component Original Composition

Modified for

Forest Cover

(from Allen et al. 1987) this Study Attributes
Forage Shrub or forested cover Any forest type Cover type:
(SI) types <20 years old <20 years old Softwood
Mixedwood
Hardwood
Age: <20
Softwood Cover Spruce/fir forest Softwood forest Cover type:
(Winter Cover) 220 years old 220 years old Softwood
(SL) Age: 220
Hard or Mixedwood Upland deciduous Deciduous or mixed Cover type:
Cover forest 220 years old Hardwood
(Forage/Cover) Mixedwood
(SL) Age: 220
Wetlands Riverine, lacustrine, or Wetlands not Nonforested:
(Aquatic Forage) palustrine wetlands not dominated by woody Wetlands
(SIL) dominated by woody vegetation, and not Beaver flowage
vegetation including acidic, Lake/wetland
unproductive wetlands ~ Marsh/swamp

example, unproductive acidic wetlands were
considered unacceptable, and the softwood
cover component was broadened to include
all softwood species.

The percent availability of habitat com-
ponents within each evaluation unit was
extracted from the converted forest cover
pointdata using ArcInfo®. Suitability index
(SI) values were derived for each habitat
component using curves which model the
predicted suitability of habitat based on
percent availability (Fig.1) (Allen et al.
1987). SI values range from 0.0 to 1.0,
where 0.0 represents unsuitable habitat and
1.0 represents the optimum proportion of
each habitat component. According to the
model, optimum moose habitat contains 40 -
50% preferred forage area (SI)); 5 - 15%
softwood forest cover (SL); 35 - 55% de-
ciduous or mixed forest cover (SI,); and
5 - 10% wetlands (SI,). Evaluation units
which did not contain forage or cover re-
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ceived a SI of 0.0. However, evaluation
units without wetlands received a SI 0f 0.2,
rather than 0.0, because the resolution of
the data may have failed to represent small
wetlands, and because areas with no
wetlands are not totally unsuitable as moose
habitat (Telfer 1984, Allen et al. 1987).

Habitat suitability calculation: — Ac-
cording to the original model, ideal year-
round moose habitat contains all 4 habitat
components (Allen et al. 1987). The suit-
ability index values were combined to cal-
culate the overall HSI for each evaluation
unit. HSI values range from 0.0 to 1.0,
where, as with Sls, 0.0 represents highly
unsuitable habitat and 1.0 represents opti-
mum moose habitat.

Following Allenetal. (1987), Sl values
were combined using the geometric mean.
Although a variety of mathematical func-
tions may be used to calculate HSI, the
geometric mean is a good choice because it
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Fig.1. Derivation of Suitability Index (SI) for each habitat component.

assumes that components can partially com-
pensate for one another, but that HSI is
affected by the smallest value (Van Horne
and Wiens 1991). Any 0.0 SI value will
produce an overall HSI 0f 0.0, which means
that in the absence of food or cover, the HSI
will always be 0.0 (Van Horne and Wiens
1991).

Six experimental equations were used
to calculate HSI values for Nova Scotia
(Table 2). Allen et al.’s (1987) original
equation (HSI ) was modified (HSI, though
HSI,) to attempt to account for local condi-
tions where it was hypothesized that: (1)
mature forest (thermal cover) may be espe-
cially critical; (2) wetlands may be less
important; and (3) forage beyond 200 m of
cover may be of little value.

HSI, is the original HSI Model II equa-
tion, which calculated the geometric mean
of'the 4 suitability index values (Allen et al.
1987). HSI, and HSI, were modified to
explore the assumption that aquatic re-
sources may not be a critical habitat compo-
nent (Telfer 1984). In HSIL, the wetland
component was removed from the equation,
and the geometric mean of the 3 remaining
habitat components was taken. HSI, is
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similar to HSL,, but the cover components
were weighted more heavily than the for-
age component due to the possibility that for
at least some portion of the winter and/or
summer, moose require dense cover and
will seek shelter at the expense of food.

To model the known importance of the
proximity of food and cover, an additional
SI'was calculated. SI, was amodification
of SI,, and was derived using the same
forest attributes and suitability curve as
SI,, but only included forage areas located
within 200 m of cover. HSI,, HSI,,and HSI,
substitute SI, for SI, into HSI, HSI, and
HSI,, respectively.

Based on the calculated HSI index val-
ues, 6 maps were produced to illustrate the
spatial distribution of habitat suitability, and
itsrelative potential to support moose, across
the province.

Application of the HSI Model

The validity of the HSI was tested using
moose pellet counts collected along PGI
transects throughout the province (Nova
Scotia Department of Natural Resources,
unpublished data). Although PGI data can-
not provide reliable estimates of population
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Table 2. HSI equations.
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HSI, = (SI, S, SI, SI,)"*
HSI, = (S, SI, SI,)"

HSI, = [SI, (SL?) (SI;)]"*
HSI, = (SI,_SI, SI, SI,)"
HSI, = (SI,SI, SI)"
HSI, = [SI, (SL?) (SL)]"

wetlands removed

Im

original equation following Allen et al. (1987)

wetlands removed and cover weighted more heavily
same as HSI but using SI, only includes forage near cover
same as HSI, but using SI, only includes forage near cover

same as HSI, but using SI, only includes forage near cover

density, they are useful indicators of popu-
lation trends and habitat selection (Neff
1968, Franzmann etal. 1976, Harkonen and
Heikkila 1999). Nova Scotia Department
of Natural Resources has conducted a prov-
ince-wide PGI since 1983 as a tool for
estimating the size of the provincial white-
tailed deer (Odocoileus virginianus) popu-
lation. As transects were surveyed, moose
pellet data were also recorded. Because
transects were established randomly, the
pellet counts provide a random sample of
moose pellet distribution. However, the
usefulness of the PGI data is limited be-
cause the exact location of pellets within
transects and the characteristics of the sur-
rounding habitat were not recorded. Addi-
tionally, since only pellets deposited be-
tween leaf-fall (November) and pellet count
(April/May) were recorded, the PGI data
can only be used as an indication of moose
habitat selection during the period from
late fall to early spring. The modified HSI
equations were conducive to an analysis of
fall/winter habitat suitability because dur-
ing winter, aquatic resources are not criti-
cal, thermal cover is required, and forage
within close proximity to cover is preferred.

The PGI location data were converted
into UTM NAD&3 and plotted in ArcInfo®.
The transects were overlain on the previ-
ously generated HSI coverages. Each
transect was assigned the habitat charac-
teristics and HSI index of the corresponding
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HSI evaluation unit. When a transect
crossed more than one HSI evaluation unit,
it was assigned the value of the unit where
the majority of the transect was located. A
database table suitable for statistical analy-
sis was produced which included transect
identification numbers and their associated
habitat values and HSI indices.

Preliminary descriptive statistics were
generated for the PGI pellet count data
using Microsoft Excel® and SPSS® 9.0 to
identify the best summary statistic for the
data. Scatter plots were produced for each
transect to examine the distribution of
moose pellet counts over time. Many
transects (67.39%) contained zero moose
pellets in all years. Pellet counts were
generally low on transects where moose
pellets were observed (1983-2000, 524
transects: n=7702, mean = 0.70, median =
0, SD =3.64, range = 0-79), and there were
no observable patterns consistent among
transects over time. For these reasons, and
because thereliability of using pellet counts
as an indication of moose density is tenu-
ous, presence/absence was selected as the
best statistic to summarize pellet counts on
transects over time (Franzmann et al. 1976,
Harkonen and Heikkila 1999).

All PGI data collected after 1992 were
excluded from analysis because the forest
inventory used to generate the HSI was
current only to 1992. After transects were
excluded from analysis due to missing data
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or because they were located outside the
study area (on Cape Breton Island), 370
transects remained for analysis.

To test the validity of the models, we
examined the ability of HSIs to predict the
presence/absence of moose pellets using
logistic regression analysis. Additional
analyses were run to determine the ability
of each of the 4 critical habitat components
independently to predict pellet presence/
absence, and to examine the influence of
individual habitat components on overall
habitat suitability. The results of these
analyses can be used to construct a more
reliable suitability index for Nova Scotia.

Due to their geographical nature, habi-
tat values are inherently auto-correlated, or
spatially dependent. However, auto-corre-
lation must be identified because it violates
the mathematical assumptions of regres-
sionanalysis (Goodchild 1986). Theresiduals
of logistic regression analysis were tested
for auto-correlation using the Geary and
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Moran indices of the GRID function in
ArcInfo®, and wherever auto-correlation
was identified, the results must be inter-
preted with caution.

Effect of Road Density

Habitat suitability is likely affected by a
variety of factors, such as human land-use
practices, which were not accounted for in
the HSI models. Road density was selected
as a surrogate index of human influence.
Using GIS, road density (including all major
and secondary roads, trails, railways, cart-
tracks, and woods roads) was divided into 6
classes (density classes (km/km?): 0, 0.1-
0.06, 0.06-0.6, 0.6-1, 1-3, >3) and mapped
onal x1km grid (Fig.2 ) (Beazley et al.
2004). Additional regression analyses were
run to determine the ability of road density
to predict the presence of moose pellets,
and to examine the effects of roads on
habitat suitability by running multivariate
logistic regression, using roads in combina-

Road Density km/km’
>3
1.01-3
061-1
0.07-0.6

7]0.01-0.06
L_Jo

25 50 78 100 Kilomeaters
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tion with the habitat suitability values, to
predict moose pellet presence.

RESULTS

Habitat Suitability Modeling

Results of the HSI modeling indicate
that there is little highly suitable moose
habitat in Nova Scotia. HSI values were
mapped to show the spatial distribution of
habitat suitability across the landscape
(Fig.3). For graphic representation, HSI
values were divided into 5 suitability cat-
egories: very poor (HSI=0.00-0.19); poor
(0.20-0.39); moderate (0.40-0.59); good
(0.60-0.79); and very good (0.80-1.00).
According to all equations, a large amount
of the mainland was of very poor (27.48-
29.31%), poor (14.08-31.89%), or moder-
ate (36.29-52.44%) habitat suitability. Only
2.50-12.87% was of good suitability, and
0.0-0.42% was very good (Fig.4). In effect,
the models predicted that only 1,114-5,737
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km? of the Nova Scotia mainland were
good, and 0-185 km? were very good moose
habitat.

The spatial distribution of HSI values
across the landscape differed little among
HSI equations. In general, the southern
coastal areas were of very low suitability,
inland areas were slightly more suitable,
and the few areas of high suitability were
located mostly in the hilly regions of the
Cobequid and Pictou-Antigonish Highlands.

Application of the HSI Model

Summary statistics indicated that of the
370 transects, only 126 (34.1%) had at least
one moose pellet between 1983 and 1992,
while moose pellets were completely ab-
sent from 244 (65.9%) transects (Fig.5).
The spatial distribution of pellets seemed to
correspond roughly to known moose distri-
butions, with concentrations in the Tobeatic
and the Cobequid to Antigonish Highland
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Fig.4. Summary of habitat suitability in mainland Nova Scotia from 6 experimental equations.
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areas. However, pellet presence was scat-
tered throughout much of the rest of the
province, and may represent occasional or
low-density moose occupation, or perhaps
pellet presence from the early years of PGI
surveys when moose populations were more
widely distributed (Kelsall 1987,
Timmermann and Buss 1997). Unfortu-
nately, due to the nature of PGI data, and
the simplification to presence/absence, it
was not possible to identify trends through
time or to make any inferences about moose
densities across the province.

The results of logistic regression analy-
sis indicated that none of the 6 HSI models
could predict the presence of moose pellets.
Only 2 individual habitat components (for-
age and forage in proximity to cover) could
significantly predict the presence of moose

SNAITH ET AL. - HABITAT SUITABILITY ANALYSIS

pellets across the landscape (Table 3).
Results of the test for spatial dependence
indicate that the habitat suitability data were
autocorrelated (forage: Geary 0.006, Moran
0.001; forage in proximity to cover: Geary
0.006, Moran 0.001).

Effect of Road Density

Regression analysis indicated that road
density could significantly predict the pres-
ence of moose pellets (Table 3). A signifi-
cant negative correlation suggested that as
road density increased, the probability of
moose pellet presence decreased. When
multivariate logistic regression was used to
test the combined effect of road density and
HSI results on pellet presence, all HSI val-
ues and individual habitat components, when
combined with the effect of roads, could

Table 3. The ability of habitat values and road density to predict moose pellet presence on transects
(Chi-square values from regression analysis).

Habitat values

Habitat and road

Roads after habitat is Habitat after

or roads alone’ combined? accounted for! roads are
accounted for!
HSI 1 1.567 *16.412 *15.954 1.459
HSI 2 1.567 *20.297 *18.085 *5.178
HSI 3 0.338 *17.515 *16.702 2.529
HSI 4 0.000 *15.830 *15.483 0.892
HSI 5 1.059 *19.069 *17.453 *4.022
HSI 6 0.254 *17.136 *16.445 2.166
Comp. 1° *16.229 *38.576 *21.519 *21.248
Comp. Im *15.312 *37.388 *21.254 *20.605
Comp. 2 0.464 *14.994 *14.291 0.067
Comp. 3 0.209 *14.931 *14.501 0.004
Comp. 4 3.162 *19.375 *15.886 3.903
Roads *14.927 N/A N/A N/A

* significant result P < 0.05.
"1 degree of freedom.
22 degrees of freedom.

3Comp. = habitat components as described in Table 1.
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significantly predict pellet distribution. Af-
ter the effect of HSI was statistically ac-
counted for, road density was able to pre-
dict moose pellet presence in all cases.
Conversely, once roads were accounted for,
only HSI, and HSI,, forage, and forage in
proximity to cover, were able to predict
pellet presence. However, there was spa-
tial dependence among the road density
data (Geary 0.006, Moran 0.002) and the
results must be interpreted with caution.

DISCUSSION

The results of the HSI modeling sug-
gest that HSI, and HSI,, in combination
with road density, may provide a reliable
index of moose habitat quality in Nova
Scotia. However, these results should not
be accepted as conclusive, as the validation
using PGI does not account for summer
habitat selection, when thermal cover is
likely more critical.

According to these models, there is
little optimal moose habitat in Nova Scotia.
This is not surprising given the current low
densities of moose populations in the prov-
ince (although a host of other factors likely
contribute to limit the population). The
results of this analysis may help to explain
the current distribution of moose in Nova
Scotia. High suitability indices occurred in
the areas known to contain the largest and
most stable moose populations (Cobequid
and Pictou-Antigonish Highlands), while
the south-western region (also known to
contain a remnant population) likely sup-
ports moose due to low road density, de-
spite poor habitat suitability.

Statistical analysis using moose pellet
data as an index of habitat selection was
unable to validate the HSI models alone.
HSI alone was unable to predict the pres-
ence of moose pellets across the landscape,
and forage was the only habitat component
that significantly predicted moose pellet pres-
ence. The importance of forage within

~ Alces
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close proximity to cover, and its influence
on habitat suitability, remains unclear be-
cause forage was significantly related to
pellet presence when all forage areas were
included and when only forage areas within
200 m of cover were included in the calcu-
lation of HSI.

The results suggest that human influ-
ence, as indicated by road density, had a
greater effect on moose habitat selection,
and presumably habitat suitability, than
habitat composition alone. This hypoth-
esis is supported by the significant rela-
tionship between road density and moose
pellet presence on provincial transects, and
strengthened by the ability of 2 of the HSI
indices (Equations 2 and 5) to predict pellet
presence after the effect of road density
was accounted for. This result is interest-
ing because it indicates that, roads being
equal, these 2 HSI calculations might ap-
proximate fall and winter habitat suitabil-
ity for moose in mainland Nova Scotia.
Future models should include road density
as an initial habitat variable.

Statistical validation of the HSI models
was limited by the nature of the PGI data.
The intent of the original HSI model was to
predict the potential carrying capacity of
moose habitat, and did not suggest that
moose cannot survive or will not be present
in sub-optimal habitat. When further data,
such as aerial surveys or more comprehen-
sive PGI, become available, the HSI model
should be compared to moose density, rather
than pellet presence/absence, for valida-
tion. Furthermore, year-round moose dis-
tribution data are required to ensure the
inclusion of summer habitat suitability when
mature forest for thermal cover is likely
critical.

Further research is required to streng-
then habitat suitability analysis, to validate
its ability to delineate critical habitat, and to
determine the effects of human land-use
practices such as roads and forest manage-
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ment. A better model for habitat suitability
will incorporate human-induced habitat
characteristics, such as road density, into
index calculation. The results of this type
of analysis can be used to identify critical
habitat areas as candidates for protection,
and to make management recommendations
which will improve habitat suitability for
moose in Nova Scotia.
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