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ABSTRACT: Aerial survey data were used to describe moose density changes in relation to habitat
composition and structure in clear-cut areas, and to infer the impact of these variables on limiting
factors. We hypothesized that moose density would be lower in cut areas due to increased hunting
and predation. Four habitat types (food and cover stands, cover stands, cuts, and other habitats)
and 7 fragmentation indices were used in our analyses. Aerial surveys conducted in seven 35-112-
km? blocks showed that moose density was related to the proportion of deciduous and mixed (food
and cover) stands within each block and edge between food and cover and resinous stands (cover).
Density, productivity, and harvest rate were not significantly influenced by clear-cuts. Our results
suggest that habitat models should consider food and food-cover border over other habitat
components.
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RESUME: Des inventaires aériens ont été utilisés pour décrire les changements de densité de
I’orignal (4lces alces) en fonction de la composition et de la structure des habitats dans des sites
comportant des coupes forestieres, et pour inférer I’impact de ces variables sur les facteurs limitatifs.
Nous avons émis I’hypothése que la densité serait plus basse dans les aires coupées a cause d’un
accroissement de la chasse et de la prédation. Quatre catégories d’habitat (nourriture-abri, abri,
coupe, autres habitats) ont été retenues et 7 indices de fragmentation ont été utilisés dans les
analyses. Les inventaires aériens réalisés dans 7 blocks de 35 a 112 km? ont montré que la densité
était reliée a la proportion de peuplements décidus et mélangés (nourriture-abri) a ’intérieur de
chaque bloc et al’effet de bordure entre les peuplements de nourriture-abri et ceux d’abri. La densité,
la productivité et le taux d’exploitation ne semblaient pas influencés par la coupe. Nos résultats
suggérent que lanourriture et I’effet de bordure entre la nourriture et I’abri devraient étre considérés
de fagon prioritaire dans les modéles d’habitat.
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Over the long term (15-40 years), forest
harvesting has a positive impact on moose
by rejuvenating the forest (Créte 1977).
However, the introduction of mechanized
clear-cutting techniques in the early 1970s
has provoked controversy and confronta-
tions with wildlife users and outdoor
recreationists. Atthattime, the only guide-

line aimed at protecting habitat was the
maintenance of forest strips, for the preser-
vation of water quality, along main water-
courses. Cutovers were juxtaposed, creat-
ing large areas that were unsuitable for
moose (Girard and Joyal 1984). Moreover,
no particular techniques were used to pro-
tectadvanced regeneration. Often, cutovers

167



HABITAT AND MOOSE — COURTOIS AND BEAUMONT

did not regenerate and had to be scarified
and planted 5 to 10 years later, diminishing
browse and cover quality for a longer pe-
riod. Previous studies have reported very
low moose densities in these habitats (Eason
et al. 1981, Girard and Joyal 1984, Eason
1989), a situation also frequently cited and
criticized by moose hunters.

In Québec, more restrictive forest har-
vesting guidelines were implemented in the
late 1980s. In order to evaluate short term
advantages of these regulation changes,
moose densities were estimated by aerial
survey over a period of 5 years in 7 study
blocks with different types of clear-cuts.
Because forest harvesting created new
roads and removed cover which could fa-
cilitate access to hunters and predators
(Eason et al. 1981, Girard and Joyal 1984,
Eason 1989, Seip and Cichowski 1996), we
hypothesized that moose density would be
lower in cutovers due to increased hunting
and predation. Consequently, in cut areas,
we predicted that moose would experience
a higher hunting rate, lower productivity,
and lower density due to increased preda-
tion on adults and calves, and increased
hunting vulnerability. The impact of forest
harvesting on other species and on moose
hunting has been previously reported
(Courtois etal. 1998a,2001; Dussault et al.
1998; Potvin 1998; Courtois and Beaumont
1999; Potvin et al. 1999; Turcotte et al.
2000).

STUDY AREA

The study was conducted ina 2,183 km?
area located in north-western Québec. The
dominant tree species of the area are black
spruce (Picea mariana), jack pine (Pinus
banksiana), paper birch (Betula
papyrifera), and trembling aspen (Populus
tremuloides). The terrain is gently rolling
with hills rarely exceeding 350 m above sea
level. Temperature, as measured at the
Belleterre meteorological station, is-16.2°C
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+0.6 (29) in January (mean + SE [n years])
and 17.3°C+0.2(29) in July. Total precipi-
tation is moderate with 1,013 mm + 23 (24)
including291 mm+ 12 (26) of snow. Maxi-
mum snow depth (66 cm=+7 [17]) occurs in
February and did not exceed 90 cm during
the study. Wolf (Canis lupus) and black
bear (Ursus americanus) are found in the
study area at ~0.01 and ~0.14 individuals /
km? respectively (Lamontagne et al. 1999,
Lariviére et al. 2000).

The area was divided into 25 blocks
delineated using identifiable landmarks,
mostly streams, roads, and forest harvest-
ing plans, so as to contain different propor-
tions of clear-cuts (see Courtois and
Beaumont 1999 for a map). Aerial surveys
were conducted in 7 of these blocks (Fig.
1). Lakes and streams represented be-
tween 8 and 17% of the area depending on
the study block, whereas cuts occupied
between 4 and 68%. Two main types of
cutting methods were employed: large clear
cuts without protected regeneration (CT)
that were 7-11 years old at the time of the
study, and recent cuttings with protected
regeneration (CPR) that were mostly made
between 1992 and 1994. Characteristics of
these two types of cuts have been previ-
ously described (Courtois et al. 1998b). At
the end of the project, block 5 (112 km?) was
still dominated by undisturbed mature coni-
fer stands (4% cut). Blocks 3 (96 km?; cut
during the summer and fall 0£ 1992), 11 (35
km?; cutin 1989), 13 and 20 (74 and 59 km?,
respectively; cut in the winters 1992 to
1994) were covered by large recent cuts on
29%, 45%, 46%, and 43% of their areas,
respectively, butresidual forests were rela-
tively abundant and well dispersed within
the blocks. In blocks 16 and 19, dominated
by 7- to 11-year-old clear-cuts (68 and 62
km?; 50% and 69% cut, respectively), rem-
nant forest was small and restricted to the
fringe of the blocks.
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Fig. 1. Location of the study site in north-western Québec (78°40° W, 47° 50’ N). Numbers refer to

blocks delineated for aerial surveys.

METHODS

Aerial Surveys

Moose density and population structure
(adult males, adult females, and calves)
were estimated by aerial surveys 3 to 5
times in each of the 7 blocks between 1991
and 1995 using standard methods (Créte
and Goudreault 1980, Courtois 1991). Sur-
veys were conducted between late January
and mid-February. Adjacent blocks were
surveyed simultaneously to avoid counting
the same animals in 2 blocks. As visibility
bias likely varied according to habitat type,
moose densities were corrected using year-
and block-specific visibility rates estimated
with marked animals. To remove the influ-
ence of hunting on annual density, winter
densities were converted to fall densities by
adding harvest density recorded at manda-
tory registration stations during the fall that
preceded each survey. Harvest rates (per-

cent) were computed as the fall harvest
density x 100/ fall moose density. In spite
of the relatively small size of our study
blocks, trends are likely to be correctly
estimated since each block was surveyed 2-
5 times over a 5-year period, and moose are
resident and have relatively small home
ranges.

Habitat Composition and Structure
Habitat composition was obtained from
digitized 1:20,000 forest maps produced by
interpretation of 1:15,000 aerial photographs
(MER 1984). This information was used to
produce a 10 m x 10 m raster map imported
into ArcView 3.1 and managed with the
Spatial Analyst extension (ESRI 1996).
Habitat types were grouped into 4 classes
according to food and cover quality for
moose (FOoD&CoVER: deciduous, mixed, and
spruce budworm outbreak stands; COVER:
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conifer; cuts: cut with and without protec-
tion of advanced regeneration; OTHER: un-
productive stands, usually Alnus rugosa,
and water). Based on vegetation surveys
conducted in the study area (Courtois et al.
1998b, Dussault et al. 1998, Turcotte et al.
2000) and in comparable sites (Dussault
2001), Foop&cover stands roughly corre-
spond to those comprising > 10,000 decidu-
ous stems/ ha with at least 1 twig of browse
per tree between 0.5 and 3.0 m with conifer
trees occupying < 3.5 m?/ha. cover stands
represent those with scarce understory de-
ciduous species (< 2,000 stems / ha) and
where the basal area of conifer trees oc-
cupy >10 m?/ha. Recently cut sites usually
had <5,000 understory deciduous stems/ha
with conifer trees occupying < 0.2 m?/ ha.
Old cuts and those recently done in mixed
stands of block 20 supported dense decidu-
ous browse (11,000-18,000 stems / ha) but
very few conifer trees (< 0.2 m? / ha).
Edge, food, interspersion, and the size
and form of cuts are thought to influence
moose distribution and are intensively used
to define moose habitat guidelines (OMNR
1988, MER 1989, Rempel etal. 1997). The
habitat structure was estimated with 7
Fragstats landscape pattern indices
(McGarigal and Marks 1995) computed with
the ArcView extension Patch Analyst (Elkie
et al. 1999). We selected 2 indices to
measure edge (the length of the interface)
between habitat types (Ep: edge density,
perimeter of all habitat patches per unit
area [m/ha]; cwep: contrast-weighted edge
density, edge between roop&cover and
coVER stands [m / ha; weights: FOOD&COVER
versus COVER = 1; other edges = 0]). One
metric was selected to estimate the impor-
tance of FoOOD&COVER stands (CAD: number
of Foob&coVER stand core areas [inside part
beyond 100 m] / 100 ha). Two indices
measured the diversity of the landscape
(sp1: Shannon’s diversity index [McGarigal
and Marks 1995], the amount of information
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per habitat patch [without units]; u1: inter-
spersion and juxtaposition index, the extent
to which patch types are equally adjacent to
each other [%]). Two others were selected
to quantify the shape and size of cutovers
(ms1: mean shape index, average perimeter-
to-area ratio of the cuts [without units];
TCAl: total core area index, relative impor-
tance of the core areas [buffer: 100 m]
within the cuts [%)]).

Data Analysis

The influence of habitat composition
and structure on moose density and popula-
tion structure among blocks and year were
assessed using stepwise multiple regression
analysis (Proc Stepwise, SAS 1989). Year,
habitat composition, and landscape indices
were considered independent variables.
Each survey was considered independent
due to annual habitat changes, the elapsed
time (12 months) between two surveys,
movements of animals (200-300 m/ d), and
the impossibility of using repeated meas-
ures in Proc Stepwise. To prevent
multicollinearity problems, Pearson’s cor-
relation analyses were used to identify re-
dundant variables. Only those variables
that were not significantly correlated at P=
0.05 were retained in the stepwise regres-
sion analyses. Moose density and popula-
tion structure before and after cutting op-
erations were compared in blocks 3 (conif-
erous) and 20 (mixed), which were har-
vested during the study, using 7-tests and
chi-square analysis, respectively. In 1994
and 1995, the same analyses were used to
compare moose density and population
structure between the forested part and the
cut areas of these blocks.

RESULTS
Effect of Habitat Composition and Struc-
ture on Moose Density
Many habitat variables in the survey
blocks were correlated (P <0.01). Among
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the 4 habitat composition indices,
FOOD&COVER VS. COVER (» = -0.51), COVER
vs. cuts ( = -0.89), COVER vs. OTHER habi-
tats (» = 0.77), and cuUTs vs. OTHER habitats
(r = -0.82) were correlated. Similarly,
among landscape pattern indices, ED, CWED,
and cap (> 0.59) as well as ms1 and 11 (r =
0.63) were correlated. cwep was also
weakly correlated to Tcar (r = 0.44, P =
0.027). Consequently, only block,
FOOD&COVER, CUTS, CWED, TCAI, and 1J1 were
used in the stepwise regression analysis.
Among them, only FOOD&COVER and CWED
were retained in the model (fall density =
-0.496 + 0.100 Foop&coVER + 0.066 cWED,
R?=10.89, F=90.63, P <0.001) and both
variables were highly significant (P <0.007,
R?>0.85). Simple regression models illus-
trate the relationship between moose den-
sity and CWED, FOOD&COVER, and COVER, and
the absence of relationship between moose
density and curs (Fig. 2).

Effects of Clear-Cuts on Moose Pro-
ductivity and Mortality

The stepwise multiple regression analy-
sis did not reveal any relationship between
habitat composition or landscape indices
and the number of calves per 100 females.
On average, among blocks and years, har-
vest rate was 18.9% + 2.3 before and
23.6% + 2.2 after cutting (¢ = 1.23, P =
0.16). Also, population structure did not
differ before and after cutting. During the
S5-year study, we observed a total of 35
males and 41 calves / 100 females before
cutting and 37 males and 49 calves / 100
females after cutting (» =371 moose; adult
sex ratio: x’=0.003, P>0.05; productivity:
x>=0.437, P> 0.05). We found 45 calves
/ 100 females in the cutovers and 64 calves
/ 100 females in the remnant forest, this
difference being non-significant (n = 163;
x?=1.160, P>0.05). Moose density being
low relative to habitat carrying capacity
(Créte 1989), calves/ 100 females were not
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Fig. 2. Influence of habitat structure and habitat
composition on moose density by block, es-
timated by aerial surveys (n = 26 surveys),
northwestern Québec, January 1991 to Janu-
ary 1995.
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correlated to moose density changes (» = -
0.21, P> 0.05).

DISCUSSION

Influence of Habitat on Population De-
mography

As observed by Rempel et al. (1997),
some cutting patterns may result in hunters
having a major influence on moose
populations. Due to the creation of new
roads and the removal of cover that poten-
tially increase accessibility for hunters and
predators, and increase moose visibility
(Eason et al. 1981, Girard and Joyal 1984,
Eason 1989, Seip and Cichowski 1996), we
expected that the parameters of moose
demography would be lower in the pres-
ence of clear-cuts, but the 2 predictions
associated with this hypothesis were re-
jected. We failed to detect an influence of
clear-cuts on moose mortality from hunting
and on population productivity. As ob-
served by Courtois and Beaumont (1999),
density and harvest rate could be slightly
modified by recent clear-cuts but the changes
were not important enough to be significant.
Moose densities were relatively low in our
study site (annual mean: 0.13-0.61 moose /
km? in fall depending on the survey block),
hunters were quite evenly distributed, and
hunting pressure (2-11 hunting-days / km?)
and hunting rate (19-24%) were high but not
related to the importance of clear-cuts
(Courtois and Beaumont 1999). The study
site has been hunted for a long time and
moose hunters often access their hunting
sites by boats and all-terrain vehicles with
little consideration of forest roads (Courtois
and Beaumont 1999). The impact of clear-
cuts on density and harvest rate would
probably have been more important in an
area experiencing a low hunting pressure
before cutting. Moreover, telemetry data
suggest that moose preferred the forested
part of their home range (Courtois et al.
1998a ). This behavioural adaptation may
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have helped give access to habitats that
minimized mortality risks.

Although our work should be seen as a
preliminary assessment due to the relatively
small size of our study blocks (35-112 km?),
the short-term influence of forest cutting on
moose seemed marginal. Variations in
moose density were not related to the im-
portance of clear-cuts. After cutting, den-
sities decreased by 23-30% in blocks 3 and
20 but these changes were likely not only
related to clear-cuts, since a greater inter-
annual variability was observed in block 5
where no cutting was carried out during the
study (Courtois and Beaumont 1999). Rela-
tively few moose (2-28) were present in
each survey block. Movements of a few
animals in and out of a survey block would
suffice to explain annual density changes.

Based on aerial surveys, a significant
dependence on edge was noted, but this
relationship was partly due to the correla-
tion between edge indices and FOOD&COVER.
Foop&cover and cover stands were gener-
ally small (Foop&covEer: 11.6+0.3 ha, [n=
7,837];cover: 11.6+0.4,[7,685]; cuts: 46.5
+ 8.0, [1,405]; oTHER: 14.0 = 4.4, [5,776]),
and edge was automatically high in areas
supporting an important proportion of
FOOD&COVER O COVER stands.

Dalton (1989) reported higher produc-
tivity in a site with 30% of its area cut,
compared to another where cuts covered
50% of the area. Girard and Joyal (1984)
also observed a lower productivity in
cutovers. In our study, productivity varied
from year to year and among study blocks,
butasin Eason (1989), without any relation
to the proportion of cuts, for up to 69% of
area cut. The productivity we measured
was intermediate between estimates made
immediately south of the study site (40-41
calves/ 100 females) and within the hunting
zone where our study was conducted (58-
62 calves / 100 females; Paré and Courtois
1990; Paré 1991, 1996). Wolf and black
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bear were probably responsible for the rela-
tively low calf recruitment (Créte and
Jolicoeur 1987) but we did not detect any
effects of clear-cuts on that variable.

MANAGEMENT IMPLICATIONS

The juxtaposition of several clear-cuts
in order to facilitate logging operations and
minimize costs of road construction has
produced 15-250-km? landscapes dominated
by clear-cuts (F. Potvin and R. Courtois,
unpublished data). Ata scale of about 100
km?, this has a minor influence on moose,
who can continue to use parts of their home
range that remain forested. However,
moose do not intensively use the cut part of
the landscape which leads to the observa-
tion of a decline in moose numbers by
hunters. Because they hunt in small hunting
sites and they try to be isolated from each
other, hunters would benefit from forest
harvesting guidelines that favour the main-
tenance of moose in cut areas.

Two alternatives have been suggested
to maintain moose in cut landscapes
(Courtois et al. 1998b): (1) maintain abun-
dant deciduous browse (> 10,000-15,000
stems/ha) and adequate cover (shrub layer
> 2-3-m high; lateral obstruction > 50% at
15 m); or (2) distribute 50-100 ha cuttings
over the landscape while keeping about
50% of the area uncut. However, each
wildlife species has its own requirements
and each needs specific habitat manage-
ment guidelines. Dussault et al. (1998)
proposed keeping 50% of the basal area of
mixed and deciduous stands in order to
protect ruffed grouse (Bonasa umbellus).
For spruce grouse (Falcipennis
canadensis), Turcotte et al. (2000) sug-
gested two non-contiguous 25-ha cuts per
200-ha block and per 25-30 years. For
marten (Martes americana), Potvin (1998)
proposed cuts of 50-150 ha at 20-30-year
intervals in blocks of 10 km? while maintain-
ing 50% of'the landscape in residual forests
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>7 m.

Multi-scale planning which takes sev-
eral species and several land uses into ac-
count, including the needs of the forest
industry, native people and outdoor
recreationists (Courtois and Beaumont 1999,
Hénault et al. 1999, Potvin et al.1999), is
essential in order to transform forest har-
vesting into a sustainable development ac-
tivity. Potvin et al. (1999) suggested a 3-
scale approach. First, at a regional scale
(> 10,000 km?), the objective should be the
protection of biodiversity through the main-
tenance of interconnected protected areas
(species and rare ecosystems approach).
Second, at a forest landscape level (1,000-
5,000 km?), the objective should be the
maintenance of a dynamic mosaic of forest
stands in terms of composition, age, and
spatial configuration (ecosystem manage-
ment) through adequate planning of forest
harvest, appropriate repartition of cuts in
time and space, and judicious use of diver-
sified harvest techniques (Bergeron et al.
1999). Finally, a local scale (50-500 km?)
would take into account the specific needs
of'the general public (integrated forest man-
agement). Guidelines previously suggested
for grouse, marten, and moose are exam-
ples of management at a local scale that
would favour not only the needs of the given
targeted species but also satisfy the public
through the maintenance of wildlife har-
vesting.

As suggest by Dussault (2001), our
results suggest that food and edge between
food and cover could be the most important
criteria to explain moose density changes
between areas. In such a case, these
variables should be considered a priority in
moose habitat models.
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