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ABSTRACT

Leaving strips of uncut timber within clearcuts has been
qguestioned as an effective option for moose (Alces alces)
management. Winter use of strips of timber was examined in six
study sites in Northwestern Ontario. Winter aerial track surveys
and spring browse surveys in 1987 and 1988 showed that moose used
areas near the strips of residual timber within clearcuts during
the winter. The area within 45 m of the strips was preferred
(p<0.05) in 2 of 11 cases and used as available in the remaining
9 cases. The area within 90 m of the strips was preferred in 5
of 11 cases and used as available in the other 6 cases. Aerial
track survey data also showed that moose significantly (p<0.01)

preferred the area within 45 and 80 m of cover. Analysis of
spring browse survey data showed no significant (p<0.01)

difference between the number of stems available or browsed that
was related to distance from the strips. Significant (p<0.01)
differences between the number of twigs available and browsed
were found but differences in browsing seemed related to
availability rather than increasing distance from the strips.
Snow surveys showed significantly (p<0.01) lower snow depths
within the strips than in the cutover. Snow depth and conditions
adjacent to the corridor may have been influenced by the strips,
but were also influenced by wind, terrain and ground cover.
Residual strips of timber were not being used specifically for
feeding areas but may have been used as escape cover, thermal
cover or as travelling areas.
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INTRODUCTION

Habitat management is an important technique for moose
management in northern Ontario (OMNR 1988) and timber harvesting
is an important management tool. Logging has historically been
thought to benefit moose by creating an interspersion of early
and late successional stages needed by moose (Welsh et al. 1980),
but increased demand for wood and mechanization of harvesting
have produced larger, cleaner cuts (Hamilton et al. 1980).
Optimum habitat provides both disturbed areas for food and mature
conifers for cover (Hamilton and Drysdale 1975) but large
disturbed areas retain little cover and hence are not as useful
as smaller ones (Hamilton et al. 1980, Telfer 1978a). Leaving
scattered coniferous cover in cutovers should provide thermal and
escape cover in close proximity to large amounts of browse (OMNR
1984).

The Ontario Ministry of Natural Resources Timber Management
Guidelines for the Provision of Moose Habitat recommend that
shelter patches should be left in clearcuts when the clearcut
area exceeds 100 hectares (ha) and the edge to edge width of the
cutover is greater than 400 meters (m) (OMNR 1988). The purpose

of these shelter patches is to ensure vegetative diversity and
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still provide for a reasonable timber harvest. One way the
guidelines are being implemented is to leave strips of timber,
called corridors, within some clearcut areas.
The main objective of this study was to answer the question:
do moose use corridors of uncut timber left within clearcuts?.
Secondary questions were: how do the corridors affect nearby snow

depths, and how do moose use corridors during winter?.



LITERATURE REVIEW

Moose may select corridors for food availability, thermal
cover, escape cover, or altered snow depths. Figure 1 shows a
theoretical model of the factors that influence moose habitat
selection in Northwestern Ontario in winter. According to this
model, predation, cover, food, terrain, and meterological
conditions can affect moose habitat selection. The importance of
each of these factors can change depending on the choices a moose
has for habitat selection.

This literature review will cover other studies of habitat
selection and feeding habits by moose and the influence of snow
on moose. Thermal and hiding cover will also be discussed as

well as the interrelationships among these factors.

WINTER FOOD AVAILABILITY AND HABITAT USE

winter food availability has traditionally been thought a
major limiting factor to some moose populations. However,
spring, summer and fall diets can also be important in
influencing production and survival of moose (Peek 1974).

Many researchers have noted that moose move from open areas
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)
in early winter to areas with more overhead cover in the late
winter (Crete and Jordan 1982, Phillips et al. 1973, Poliquin et
al. 1977, Welsh et al. 1980). The timing of this move and the
explanations for it vary. Krefting (1974) stated that in
general, moose in Northcentral North America seek dense cover
when snow is deeper than 90 cm. Telfer (1978b), in Alberta,
found that in winters with light snowfall, moose distribution was
positively correlated with browse production. 1In contrast,
Phillips et al. (1973) in Northern Minnesota found that moose
showed a preference for cover types that provide shelter from
cold stress, rather than abundant browse in a winter with less
than 50 cm snowfall. Schwab (1985) in Northcentral British
Columbia also found that in a low snowfall winter, moose habitat
use was more highly correlated with dense cover than forage
abundance. Schwab thought that moose moved into areas of cover
in order to reduce the chances of both cold and heat stress. He
said that moose could avoid cold stress by staying out of the
wind and under cover in very cold weather. Moose avoided heat
stress by moving into shaded areas during days when solar
radiation was high in the late winter and early spring.
Interspersion of food and cover are important to moose.
Brusnyk (1981) found that the most browsing was done in areas of
timber reserve adjacent to clearcuts and concluded that these
areas were selected for their coniferous cover and their abundant
browse. Many of these reserves had spruce budworm (Choristoneura

fumiferana (Clem.)) damage and were partly open. Brusnyk noted
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that the deciduous shrubs present in the reserves were taller
than those in the clearcuts. This made relatively more food
available as the snow got deeper. Welsh et al.(1980) found that
diversity was important in early winter concentration areas and
Proulx (1983) found that diverse areas were preferred for late
winter concentration areas also.

In many studies browsing in these winter areas was
relatively light. Crete and Jordan (1982) found that percentage
of browse removed rarely exceeded 10 percent in 18 moose
concentration areas studied. Peek et al. (1976) had up to 33
percent browsing as measured by spring line transect counts but
concluded that overbrowsing was not a problem because of the
number of alternate forage sources. Prescott (1968) in Nova
Scotia found less than 20 percent of all stems browsed and
Hamilton et al. (1980) in Northwestern Ontario concluded that the
range was not near carrying capacity as no more than 35 percent
of plots sampled were being used. Cumming (1987) in a review of
browse surveys in Ontario, concluded that forage availability was

not limiting the moose population.

INFLUENCE OF SNOW ON MOOSE

Snow can have two direct effects on moose. It can reduce

the amount of food available by burying forage species and it can

increase the energetic costs of travel (Coady 1974). Snow depth



and hardness can also have an effect on predation rates of wolves
(Canis lupus) and the age class distribution of the moose killed
(Peterson and Allen 1974, Bergerud and Snider 1988).

Coady (1974) said that 60 to 70 cm of soft snow will impede
moose and that more than 90 cm of snow will severely restrict
movement of an adult. Calves can be restricted by less snow and
all animals can be restricted by less snow if it is more dense or
crusty.

Snow maturation, which is marked by formation of crusts and
changes in density, hardness, and depth can be affected by forest
cover type. In general, snow matures faster in an open area than
it does under a coniferous canopy. Snow is also deeper in an
open area than under a full coniferous canopy (Golding and
Swanson 1978). The difference in snow characteristics between
open areas and coniferous cover have been thought to be one of
the main factors governing moose movement into areas of denser
cover as winter progressed (Peek 13971).

Crusted snow conditions that provide support for moose are
seldom extensive. Snow conditions which provide only partial
support for moose make movement more difficult because of
resistance to movement and the chance of abrasion from hard

crusts (Coady f974).



COVER

The importance of cover can be evaluated by looking at the
components of cover that result in a net benefit to the animal
under different environmental conditions (Peek et al. 1982).
Nudds (1977) said the two major components of cover are the
vertical and horizontal distribution of vegetation. These
components can be studied as thermal and escape cover. One
vegetation type may act as both thermal and escape cover but
these cover types can have different characteristics and will be

discussed separately.

Thermal Cover

Thermal cover reduces the radiant and convective heat
transfer between an animal and its environment. Heat transfer is
reduced by decreasing the temperature gradient and/or by reducing
the wind flow over the surface of an object. Reducing the amount
of heat lost to the environment will allow an animal to expend
less energy to stay thermoneutral. One method of regulating heat
loss used by moose is changing posture. Renecker et al. (1978)
found that moose calves could maintain thermoneutrality without
increasing metabolism down to temperatures below -30° C when
lying down. Smaller moose with less fat per kilogram of body
weight, especially calves, are more easily stressed by cold

weather and will expend energy to stay thermoneutral in
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conditions where a larger moose is not stressed.

The hypothesis that moose select habitat to reduce cold
stress has been put forward by a number of researchers. Brusnyk
and Gilbert (1983) thought that moose selected forest reserves in
winter because of their more favourable thermal conditions.
VanBallenberghe and Peek (1971) observed moose leaving heavy
cover after the passing of winter storms. Rolley and Keith
(1980) thought that closed canopy stands offered moose a more
favourable thermal environment.

In contrast, Schwab (1985) found that moose selection of
cover was best explained as a response to winter heat stress.
Reflection of solar radiation as well as direct radiation made
heat stress most likely to occur 1in cutovers or other open areas.
Schwab thought that moose occupied cutovers with residual timber
because there was shade available. Forests with full canopies
usually provided acceptable thermal environments for moose.

One reason moose have to be selective for thermal cover in
winter is because of their seasonal changes in metabolic rate.
Moose metabolic rate slows down about the same time they are
becoming restricted by snow and temperatures are dropping
(Regelin et al.- 1985). Moose metabolic rate drops regardless of
the amount of food available (Schwartz et al. 1988). This drop
in metabolic rate 1is characterized by less movement and less
foraging. If the reduction in foraging exceeds the reduction in
metabolic rate then an animal will be expending more energy than

it is taking in and must use stored energy for maintenance. The
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quality of winter browse can influence how fast fat and protein
reserves are used (Schwartz et al. 1988) but the length of time
an animal can survive depends on the amount of energy reserves
and the rate of depletion.

During the winter a moose may be exposed to both heat and
cold stress. Both types of stress require an expenditure of
energy to retain thermoneutrality. If a moose is in a negative
energy balance, thermal cover is necessary to reduce the amount

of stored energy used.

Escape Cover

Escape cover and edge are related. The importance of edge
has l1ong been known and the use of edge by moose has been
previously discussed (Hamilton et al. 1980, McNicol and Gilbert
1978). Edge is beneficial because it provides more than one of
the biological requirements of an animal in a small area. Escape
cover is one of these requirements.

Lyon and Marcum (1986) have defined escape cover for elk
(Cervus elaphus) as being vegetation capable of hiding 90 percent
of a standing adult elk from the view of a human at a distance of
60 m or less, fhe vegetation could be shrubs or mature tree
stems. This definition was arrived at as a consensus of expert
opinions and is related to how far an elk will move when
startled. Thomas et al. (1976) also referring to elk said that

for optimum effect, escape cover should be between four and eight
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sight distances wide. Sight distance is defined as how far an
animal can see and varies with vegetation type. Escape cover for
moose may need to be quantified differently because moose have a
different social structure and may have different predators and
different predator avoidance strategies.

Hamilton et al. (1980) defined three cover types for moose.
One was uncut forest at the edge of the cutover. Another was
aggregates of trees with a density of at least 400 trees per
hectare and an area of 0.2 ha. This definition was made to fit
most uncut patches of timber in harvested areas and the uncut
edges of cutovers. The third type of cover was smaller clumps of
residual down to 0.04 ha with densities as low as 200 trees per
hectare. This allowed clumps of aspen with as few as 25 trees to
be classified as cover.

Lyon (1987) has written a computer program (HIDE2) that uses
stem size and density to determine the escape cover value of
different stands of timber. When Hamilton’s definition of 400
trees per hectare is entered into Lyon’s program, it predicts
that, with a stem diameter of 24 cm, 90 out of 100 moose could
find hiding cover (have 90 percent of their body obstructed by
stems) within 60 m of the edge. With half the density (200 trees
per hectare) the program predicts that 56 of 100 moose could find
escape cover if the stems were 24 cm in diameter and that 75 out
of 100 moose could find cover if the stems were 30 cm in
diameter. This shows that the density of trees that Hamilton et

al. (1980) described as cover can obstruct the view of moose and
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can act effectively as escape cover if the stand is large enough.
Hamilton et al. (1980) suggested that small or sparse
aggregates of trees provide escape cover for moose in the same
way as uncut forest. This allowed moose to use more of the
available browse in the cutover as long as snow did not restrict

the moose from moving from one patch of residual to another.
INTERRELATIONSHIPS

The relationships between these factors are not particularly
complex, they are just not well defined. Thermal cover that
provides protection from wind and has a full canopy should always
be able to act as escape cover. McNicol and Gilbert (1978) said
that moose should get a thermal advantage by bedding on the south
side of residual conifer cover in clearcuts. Hamilton et al.
(1980) noted that moose may stay close to forest edges to escape
wind. If we accept escape cover as being something that blocks
visibility of a moose from at least one side, then these areas
that provide thermal cover can also provide escape cover.

Escape cover does not necessarily provide thermal cover. The
type of stem ang the canopy cover, which are important components
of thermal cover are unimportant when calculating escape cover
for moose.

Past research has quantified the relationship between food
availability and cover by examining how moose use the edge of

cutovers and uncut timber. Brusnyk (1981) found that over 70
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percent of all moose and moose tracks seen during winter surveys
were associated with edges of timber reserves. Hamilton et al.
(1980) found that moose preferred the area in a cutover within 80
m of the edge of uncut timber.

Increasing snow depth negatively affects food availability
by decreasing the amount of food available. Adverse snow
conditions can have a more severe effect if moose are using
patches of residual timber within a clearcut to gain access to
food. If a clearcut had patches of timber scattered throughout,
a moose would be able to use most of that area until the snow
became too deep or hard. 1In deep or crusted snow, a moose may be
unable or unwilling to move from one patch of cover to another

and would be restricted to the periphery.
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STUDY AREA DESCRIPTION

Study sites were selected to represent normal forest
harvesting practices in Northwestern Ontario. To measure use of
uncut strips of timber by moose, six study sites (Figure 2) were
selected to meet the following specifications: areas must have
been cut three to ten years before the beginning of the study,
areas must not have been treated with herbicide, areas must have
had at least one moose corridor. Study sites are referred to
throughout this text by the numbers one through six. The
selected cutover areas ranged from 297 to 4828 ha and the mean
cutover size was 1394 ha. Figures 3-8 show the vegetative cover

types of each study site.

VEGETATION

The study areas were in the Superior section of the boreal
forest region (Rowe 1972). There was variation in forest types
within each area but four of the six areas were classified as
boreal mixedwood forest. This forest type has 25 to 75 percent
hardwood composition with the remainder being conifer. Nearly 50
percent of Ontario’s productive forest land is mixedwood forest
(McClain 1980). Timber species present before harvest were:

white spruce (Picea glauca [Moench] Voss), black spruce (P.
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mariana [Mill1.] B.S.P.), balsam fir (Abies balsamifera [L.]
Mill.), trembling aspen (Populus tremuloides Michx) and white

birch (Betula papyrifera Marsh.). Study site 1 was predominantly
jack pine (Pinus banksiana Lamb.) with less than 10 percent white
spruce and aspen. Study site 6 was composed of more than 75
percent mature to overmature white spruce.

A1l cutover areas except study site 1 had been scarified.
There was no scarification within clumps of residual timber and
most low areas. Other species present in the cutover areas were:
beaked hazel (Corylus cornuta Marsh.), serviceberry (Amelanchier
alnifolia (Nutt.) Nutt. ex. Roem.), pin cherry (Prunus
pensylvanica L.), red osier dogwood (Cornus stolonifera Michx.),
mountain ash (Sorbus americana Marsh.), green alder (Alnus crispa
(Ait.) Pursh), willow (Salix spp.), viburnum (spp.), mountain
maple (Acer spicatum Lam.) and speckled alder (Alnus rugosa
(DuRoi) Spreng.).

SOILS

The soils in all study areas are the result of extensive
glaciation. A1l sites lie within the precambrian shield and
granitic bedrock predominates. The soils are generally thin
sandy till over bedrock, with areas of lacustrine and outwash
sand (Zoltai 1965). For each study site, general soil and

landform types are given in Table 1.
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Table 1. Soils and landforms for individual study sites.

Area Soil Landform

‘ lacustrine sand gently rolling
thin sandy till rolling
over bedrock
thin sandy till rolling
over bedrock
thin till over gently to moderately
bedrock with rolling
discontinous thin
loess
thin sandy till rolling

over bedrock

thin sandy till rolling
over bedrock
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CLIMATE

The major climatic considerations in this study were
snowfall and mean monthly temperature for December through March.
The winter of 1986/87 had above average temperatures for all 4
months and below average snowfall for every month except February
(Table 2). The winter of 1987/88 had below average temperatures
for January and February, and the snowfall was below normal for
all four months. Snow was generally deeper and temperatures

Tower in the more northerly study areas.
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Table 2. Mean monthly temperatures and snowfall for December

through March in Thunder Bay, Ontario. Thirty year

average versus winter of 1987 and 1988.

Temperature Snowfall
(degrees Celsius) (cm)

30 year 1986/87 1987/88 30 year 1986/87 1987/88
Month average average
December -11.1 -7.2 -6.2 46.2 16.8 17.2
January -15.4 -10.5 -15.9 48 .4 30.0 34.2
February -13.0 -6.0 -16.0 30.7 41.6 11.6
March -6.3 -3.0 -4.8 34.2 9.8 30.2
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METHODS

AERIAL SURVEYS

The objective of the aerial surveys of corridors and
adjacent cutovers was to record the amount of moose use, as
measured by moose tracks and sightings.

Study areas were surveyed during the winter using a Cessna
185 on days with at least 80 percent sunshine, winds less than 30
km/hr and an air temperature greater than minus 25° C. Flights
were between 10:30 and 15:00 hours, at least 4 days apart and
with no significant snowfall or high winds for at least one day.

Tracks were observed by circling each study area at an
altitude of 100 to 150 m until all tracks were recorded. Tracks
were recorded by drawing the tracks on a sheet of acetate
covering an aerial photograph of the area. The same sheet of
acetate was used until there was a snowfall to prevent recording
the same tracks on successive surveys. Each area was circled
until all tracks were recorded. Moose seen and wolf tracks were
also recorded during the aerial survey.

Tracks were digitized onto a base map of the area and a

geographic information system, ARC/INFO (ESRI 1989) was used for
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analysis. ARC/INFO was used to estimate: (1) the combined
length of all tracks in the cutover area, (2) the combined length
of all tracks and the area of the cutover within 45 m of each
cover type, (3) the combined length of all tracks and the area of
cutover outside of 45 m from each cover type, (4) the combined
length of all tracks and the area of the cutover within 90 m of
each cover type and (5) the combined length of all tracks and
area of cutover outside of 90 m from each cover type. These
estimates were made for each of the six study areas.

The area within 45 m of a cover type edge was referred to as
the 45 m buffer area, the area within 90 m, the 90 m buffer area
(Figure 9). A1l study sites had two buffer areas (45 m and 90 m)
for each cover type available within that study site. The total
of the buffer areas for each cover type and the total length of
track within the buffer areas for each cover type were used in
the analysis.

One result of using these buffers is that the total length
of track measured within the buffers by ARC/INFO may not be
consistently additive. For example; the length of tracks between
45 and 90 m from one study site cannot always be found by
subtracting the length of tracks within 45 m from the length of
track within 90 m. The reason for this is illustrated by a
situation where the distance between two patches of different
cover types are within 45 m and there is a moose track running
roughly between the two patches of cover (Figure 10). When

ARC/INFO measures the length of tracks within the 45 m buffer, it
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Figure 9.

45 m buffer Cover patch A

90 m buffer

‘ Cover patch A

All track within this area
45 m buffer is recorded as being within
the 45 m buffer

All track within this area
is recorded as being within
the 90 m buffer

90 m buffer

IHustration of buffer areas and how track length was determined within buffers.
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Moose track

Cover patch A

45 m buffer 45 m buffer

Buffer overlap area

Figure 10. Illustration pf buffers and track as used in ARC/INFO. Track within overlap area will
be recorded in both cover patch 45 m buffers.
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will measure the length of tracks within 45 m of each patch.
These 45 m buffers can overlap and the length of tracks within
the overlap is measured twice.

This situation, two different cover types within 45 m of
each other with overlapping buffers could have been avoided by
assigning the same label to each cover patch. When two or more
patches of the same cover type are within the buffer distance,
the buffer does not intersect but rather goes around both patches
so that there is only one buffer area for the two patches (Figure
11). If this method were used, there would be no way to
differentiate between cover types and no way to analyze whether
certain cover types, such as corridors, were preferred or
avoided. The different cover patches could be looked at manually
but there would be no way to measure the buffer area accurately
or the length of track near one particular stand or group of
stands.

Another alternative would have been to buffer each patch
individually and then to remove the tracks that fell within the
buffer area from any further analysis. In the case of different
cover patches with overlapping buffers this would have involved a
decision as to which cover patch was influencing the moose’s
movements. The information to make this decision was not
available.

A third alternative to the overlap problem would have been
to label each stand separately, buffer all stands within the

study area and create a new class of cover type for analysis that
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Buffer area

Cover patch

Figure 11. Illustration of buffer areas around two patches of the same cover type.
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was made up of the overlap areas. These overlap cover types
would have different areas and different shapes and would have to
be classified as to what vegetation type buffers were being
overlapped (e.g. conifer-conifer, conifer-hardwood). There would
have been two-way overlaps as well as three-way and possibly
four-way overlaps to analyze. I did not think this overlap
analysis was necessary to answer the primary question of whether
moose were using corridors or not.

The length of tracks within each buffer was determined as
the sum of: (1) the combined length of tracks within the buffer
and (2) the combined length of tracks within the cover type that
was buffered. 1Including the Tength of tracks within the cover
type made it impossible to separate between a preference for a
certain cover type and a preference for the buffer of the same
cover type. Moose tracks recorded in cover types with canopies
that could be seen through might show a preference, avoidance or
use as available for the cover type itself, while the cover types
with coniferous canopies showed use only in relation to the
buffer area.

Data were analyzed this way because the corridors were
either mixedwood or pure conifer and trying to record the tracks
under a dense coniferous canopy using fixed wing aircraft might
have introduced unknown biases into the data. Tracks were

recorded only to the edge of coniferous cover.
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Analysis of Aerial Survey Data

A chi square test of goodness of fit was used to see if
track length was distributed in proportion to area within and
outside of the 45 and 90 m buffers for each study site. The
proportion of tracks within and outside of 45 and 90 m of each
cover type were compared with the proportion of area available by
using the same test. Ninety-five percent confidence limits were
assigned to the observed proportion of track length in each
buffer area (Neu et al. 1974, Byers and Steinhorst 1984) and
these buffer areas were classified as preferred, used as
available or avoided.

Preferred areas were defined as those in which the
proportion of area in the buffer is outside of the calculated
confidence interval and less than the proportion of track length
in the buffer. Areas used as available were defined as those in
which the proportion of area available is within the confidence
interval and avoided areas were defined as those where the
proportion of area in the buffer is outside of the confidence
interval and greater than the proportion of track length in the

buffer.

BROWSE SURVEYS

The objective of the browse survey was to see if there was a

difference in moose feeding intensity or diet composition with
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increasing distance from the corridors.

Starting points for survey lines were randomly chosen along
the corridor. There were at least three survey lines per
corridor and in corridors over one kilometre in length, one
survey line was included for each additional 200 m of corridor.
Survey lines ran perpendicular to the corridor and each line
consisted of 18 plots. Plots were two by ten metres in size with
five metres between plots. Each side of each line consisted of
nine plots going out into the cutover area.

Three distance strata were defined. Distance stratum 1 was
the group of plots 0 to 45 m from the corridor, distance stratum
2 was 45 to 90 m from the corridor and distance stratum 3 was 90
to 135 m from the corridor.

A1l stems on each plot were tallied and described by plant
species, height class (.5 to 1.0 m, 1.01 to 2.0 m, greater than
2.0 m), and whether the stems were browsed or unbrowsed. 1In
addition, the number of twigs, as well as the number of stems,
for all species and height classes were tallied in one randomly
selected plot within each distance stratum for each line sampled.
Since plots for twig counts were randomly chosen within strata,
the number of twigs per plot in the twig plot was used as a ratio
estimator of the number of twigs per plot for each stratum. The
ratio estimator was calculated for each stratum, in each line
sampled using the formula below.

— 3
Y, =(%
i=1 §=1 i=1 j=1
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i = stratum number: 1, 2, 3.
_ J = twig or stem number:1,2,3...n;,.
Y, = mean number of twigs per plot in the ith stratum
Yi; < number of twigs in the twig plot for that
stratum
X;; = nhumber of stems in the twig plot for that
_ stratum
X, = mean number of stems per plot in the ith stratum
On plots with stems over 2.0 m in height, only twigs which were
within 2.7 m of the ground were tallied.
A twig was defined, following Schewe and Stewart (1986), as
the part of the branch of a woody plant distal to the point where
it could be browsed. A stem was defined as the part of the plant

that was attached to the roots.

Analysis of Browse Survey Data

Stem counts were analyzed by comparing mean number of stems
per plot among distance strata using contingency tables to test
the hypothesis that there was no difference in availability or
browsing among strata. Browse preference and diet composition
were also calculated from the stem data and compared using
contingency tables.

The mean number of twigs available per plot and the mean
number of twigs browsed in each stratum were compared using

contingency tables.
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SNOW SURVEYS

The objective of the snow survey was to see if the corridors
caused snow depths to be greater near the corridor. Deeper snow
could reduce the effectiveness of the corridor as a component of
moose habitat by reducing the amount of winter use the area
receives.

Snow depth was measured at four different study areas at
monthly intervals. These four areas were selected because of
their easy accessibility during the winter months. The corridors
on three areas were oriented along a north-south axis and the
fourth was oriented on an east-west axis. At each area, two snow
survey lines were randomly selected that were perpendicular to
the corridor. Plots were 10, 20, 40, 80, and 120 m from the edge
of the corridor along the survey line. In addition, a plot was
placed 20 m inside the corridor on each side of the corridor.

Ten snow depths were measured at each plot. The same lines and

plots were used throughout the winter.

Analysis of Snow Survey Data

Mean snow depths within and outside of the corridors were
compared for each snow station using the least significant

difference test.
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RESULTS

AERIAL SURVEY

Fourteen aerial surveys were flown during the two winters of
the study. Five surveys were flown in 1987 and nine in 1988. A
total of 353.6 km of tracks were recorded. The average total
length of tracks per study site was 58.9 km and the totatl tength
ranged from 16.9 to 101.1 km. Maps showing moose tracks observed
in each study area during the aerial surveys are in Appendix 1.
Five single moose and 13 groups of moose were sighted during the
surveys (Table 3).

Out of 31 moose sighted on the study areas, 22 were within
45 m of cover and four of the 22 were within 45 m of a corridor.
A1l other moose sighted were beyond 80 m from cover.

A chi-square test was used to test the hypothesis that
length of track was distributed in proportion to the amount of
area within and outside 45 m of all edges and within and outside
90 m of all edges for each study site. The hypothesis that track
length is distributed in proportion to area within each study
site was rejected (P<0.01) (Appendix 2). Inspection of the
length of track per hectare in Table 4 shows moose preferred the

area within 90 m of the edge of all cover types and within 45 m
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Table 3. Sums of lengths of individual moose tracks and number
of moose sightings in each study area.

Total length Number of Number of Number in
Study site of track (km) single moose moose groups each group

52.1 3 3
2 70.6 3 3, 2, 2
3 101.1 0 3 2, 2, 2
4 22.1 0 2
5 16.9 0 3
6 90.8 3 4 2, 2, 2, 2
Total 353.6 5 13
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Table 4. Track length per hectare within and outside of the 45
and 90 m buffers for all cover types within each study

area.
Metres of track length per hectare

Within Outside Within Outside
Study site 45 m 45 m 90 m 90 m
1167 460% 852 412%
3024 1985% 2324 1702%
1559 1032x% 13568 927%
167 787 666 185%
5 478 234x% 378 260%
6 363 216% 319 190%

* Significant difference at P<0.01
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of the edge in all but area 4. For each of the six study sites,
the area within 45 or 90 m of the corridor cover type was either
preferred (p<0.05) or used as available (Table 5). The only
cover type that had a higher percentage of preferred use than the
corridor was residual hardwood. Each site and the cover types
that were preferred or avoided will be described individually.
A11 preferences or avoidances were significant at p<0.05. A
complete listing of all cover types for each area along with the
proportion of track lengths and the proportion of total area

taken by that cover type buffer are in Appendix 3.

Area 1

In this area the corridors themselves were harvested in
winter 1988. Data are presented for both the winter prior to

cutting (1987) and after (1988).

The only corridor type in this area was coniferous corridor
and it was preferred at both 45 and 90 m. The corridor buffers
had 11.0 times more track than the coniferous uncut forest edge
buffers, which were the next most used type. The coniferous
uncut forest edge buffer had 3.3 times the amount of area as the

corridor buffer and was significantly avoided at 45 and 90 m.
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Table 5. Total number of buffer areas that were preferred,
avoided or used as available for all six study sites.

Number

Number used as Number
Cover Type preferred available avoided
Corridor (all types) - 156 0
Residual hardwood 6 2 0
Residual mixedwood 4 10 0
Alder swamp 0 5
Timbered swamp 0 8 2
Stream and lake 0 8 0
reserve
Uncut forest edge 0 12 6
Residual blocks 0 8 0
Residual conifer 0 4 0
Grass/cattail marsh 0 6 2
Peat bog 0 4 0
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The corridors had been cut but there was still a preference
for the area within both 45 and 90 m of where the corridors had
been. These were the only preferences for 1988 and there were no
avoided areas.

The proportion of track in the corridor buffer in 1988 was
only 42 percent of what it was in 1987. The coniferous uncut
edge buffers received nine percent more of the total proportion
of track than the corridor buffers in 1988 and showed no

avoidance as they had in 1987.

Area 2

The mixedwood corridor was preferred in this area at 90 m.
The residual mixedwood and residual hardwood were both preferred
at 45 and 90 m. Areas that were avoided at both 45 and 90 m were
the coniferous swamp and cattail/grass marsh types. Also the
mixedwood uncut edge was avoided at 45 m. The residual mixedwood
and hardwood area to the west of the corridor was used as an
early winter yard by moose. 1In the 15 times the area was flown
during the study, there were fresh tracks 14 times and moose were
seen 4 times. Most tracks and sightings were within this

residual cover to the west of the corridor.
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Area 3

In this area the conifer and mixedwood corridor types were
both preferred at 80 m. These were the only corridor types
available. The mixedwood residual was preferred at both 45 and
90 m. The only area that was avoided was the coniferous uncut

edge. It was avoided at 45 m.

rea 4

In this area the mixedwood corridor was preferred within 45
and 90 m. The other areas that were preferred were the residual
uncut hardwood at 45 and 90 m. The only avoided area was the

uncut conifer edge at 45 m.

Area 5

In this area residual uncut hardwood was preferred at 45 and
90 m. The only area avoided was the alder swamp type at 45 m.
The mixedwood uncut edge also shows an avoidance but since there
were no tracks within this buffer, the chi-square test was not

valid (Steel and Torrie 1980).

Area 6

In this area the only preference was for residual hardwood



44
at 45 and 90 m. There were no areas that were classified as

being avoided.

SNOW SURVEY

The winter of the snow survey, 1987-1988, had less than
average snowfall (Table 2). The maximum snow depths for the four
sites ranged from 65.8 cm at Area 4 to 92.8 cm at Area 3. There
was no major thaw during January or February and the first time
that the crusted snhow could support a man with snowshoes was
March 12. On March 19, wolf tracks were noted on top of the
crust while moose were still breaking through. There was no
blood observed in the moose tracks, indicating that the crust was
not hard enough to break the skin on a moose’s leg. On April 2,
the snow was soft after midday and snow depths were beginning to
decline. The snow depths had noticeably declined by April 9
(Appendix 3) and the surveys ended at that point.

The least significant difference test showed that snow
depths were significantly (P<0.05) less within the corridors than
in the clearcut at all study sites and on all days snow depths
were measured except at area 3 on February 27, 1988 (Appendix 3).

Two areas, both of which were oriented on a north-south
axis, showed a build up of snow in the cutover within 20 m of the
edge of the corridor (Figures 12 - 15). 1In one area, the effect

disappeared as winter progressed but in the other it became more
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