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Co-existing species at the same trophic level often segregate with respect to diet, habitat use, or spatial distribution,
reducing their direct competition for resources. However, temporal patterns in species-specific habitat use, for instance
due to climatic variation, may affect the strength of interspecific interactions, and generate temporal variation in niche
partitioning. We assessed temporal variation in habitat overlap between a wild ungulate, moose Alces alces, and two free-
ranging domestic ungulates, sheep Ouvis aries and cattle Bos taurus, on a boreal forest range in southern Norway. We also
calculated the distance between species’ realised niches, as well as the width of their realised niches to evaluate the extent
of temporal niche partitioning under different diurnal weather conditions. Analyses of each habitat variable suggested
complex relationships between species-specific habitat use, photoperiod, and weather, related to species-specific behaviour
and activity patterns. We found shorter overall niche distance between moose and sheep, compared to moose and cattle,
and shorter niche distances during day and night than during the twilight hours. The niche distance between moose and
sheep was positively related to temperature during night, but negatively during day. Moreover, niche distance between
moose and both sheep and cattle was negatively related to precipitation at daytime. Moose niche width was narrower
in periods with short niche distance to sheep, while we did not find such pattern towards cattle. A lack of similar moose
response to cattle could be attributed to lower niche overlap between moose and cattle. Our results suggest that temporal
niche partitioning between moose and livestock breaks down under the weather conditions that are predicted to become

more common as climate change, potentially increasing wildlife-livestock interactions in the future.

Natural or semi-natural habitats used for grazing are a pre-
requisite for successful pastoralism in many parts of the
world (Fratkin 2001, Koocheki and Gliessman 2005), and
as such an ecosystem service with potentially high economic
value. However, in many such areas livestock are interacting
with wild ungulates (Austrheim et al. 2011, Chirichella et al.
2014), which also have a high economic, social and cultural
value (Storaas et al. 2001, Austrheim et al. 2011). Follow-
ing the increasing abundances of wild ungulates in many
areas worldwide (Coté et al. 2004, Apollonio et al. 2010,
Austrheim et al. 2011), concerns have been raised about
the potential negative interactions, such as food competi-
tion, spatial displacement, or disease transmission between
livestock and wild ungulates (Thomas and Barton 1995).
Studies on co-existing wild and domestic ungulates
show contrasting results; from facilitation of food resources
for wild ungulates by livestock grazing (Anderson and
Scherzinger 1975, Gordon 1988), to range shift by wild
ungulates as a response to presence of domestic ungulates
(Austin and Urness 1986, DeGabriel et al. 2011, Mason

et al. 2014). Other studies report no apparent facilitative or
competitive interactions (Dorn 1970, Iranzo et al. 2013).
The most common pattern seems to be that low abundance
of domestic ungulates improves the foraging conditions
for wild ungulates, whereas high abundances of domes-
tic ungulates have a negative effect (Kuiters et al. 2005,
Mysterud and Austrheim 2008). However, while negative
demographic responses are often reported for wild ungu-
lates (Jenks and Leslie 2003, Madhusudan 2004, Mishra
et al. 2004, Marshal et al. 2008), few studies document
negative impact on livestock by wild ungulates. Such a
directional competition can be due to behavioural modifi-
cations caused by domestication, such as the fear response,
resulting in a weaker tradeoff between gain and perceived
costs (Mysterud et al. 1999). Wild ungulates may also avoid
domestic ungulates due to the risk of parasite transmission
(Frolich et al. 2002, Fankhauser et al. 2008), and the direc-
tion of interaction can be affected by the overlap in species-
specific traits, e.g. their location along the grazer-browser
continuum (Telfer 1994, Stewart et al. 2003).



A species’ habitat association has often been related to
the concept of the ecological niche (sensu Hutchinson 1957,
Hirzel et al. 2002). The niche concept is useful for assess-
ing habitat utilisation based on observational data (Hirzel
et al. 2002, Basille et al. 2008), given that the observations
are representative for the species or population in question.
Characteristics of the realised niche (e.g. its location in the
environmental space) under certain conditions (e.g. for a
specific area and time period, and under given levels of pre-
dation risk and competition) can be described from sets of
environmental variables that may be correlated. Accordingly,
for one environmental variable there may be a short distance
between two species’ utilisation pattern, whereas it may be
a long distance for a different environmental variable. In
ecological niche modelling (Hirzel et al. 2002, Basille et al.
2008), such environmental variables are decomposed into
an environmental space consisting of a set of environmen-
tal axes, in line with the conceptual framework of Hutchin-
son (1957). In a multi-species approach, distances in this
environmental niche-space can be used as measures of niche
partitioning, given that the environmental axes reflect the
environmental variables in the same way for all species in
question. Similarly, as the realised niches may vary temporar-
ily according to various factors such as interspecific interac-
tions and environmental variation (Kraan et al. 2013), the
location and variation (i.e. niche width) in the niche space
will also vary in time (Basille et al. 2013), hence, allowing
us to estimate their temporal variation. In similar single-
species approaches (Hirzel et al. 2002, Basille et al. 2013),
the environmental covariates at used locations are compared
to a measure of availability to obtain measures of habitat
selection. However, if availability is similar for two species
(e.g. sharing a range), and constant over time, any variation
in habitat selection, which is the deviation between use and
availability (Lele et al. 2013), will be caused by temporal
variation in use among species.

Animal habitat use varies over time due to temporal
variation in the cost—benefit ratio associated with a specific
habitat type (Cornélis et al. 2011, Basille et al. 2013). For
instance, the need for hiding cover may be higher during
daytime than at night (Mysterud and @stbye 1999, Lykkja
et al. 2009), and harsh weather conditions can increase the
need for shelter (Dussault et al. 2004, Melin et al. 2014).
Likewise, the foraging conditions within a habitat type may
vary among seasons, generating and long-term temporal
variation in a species’ habitat association (Bjerneraas et al.
2011, Melis et al. 2015). The change in habitat association
can occur as a shift in habitat used (i.e. a shift in the realised
niche), for instance from open areas to forests (Mysterud
and Ostbye 1999, Lykkja et al. 2009), or as a change in
the variation of habitats used (i.e. a change in the width
of the realised niche). The latter can for instance involve a
change from utilising a mixture of open and closed habitats
to only utilising closed habitats on days with high tempera-
tures (Melin et al. 2014), or by clustering around specific
resources such as water sources during dry periods (Roever
et al. 2012). Because the behavioural response to these
factors can vary among species, e.g. due to perceived and
actual mortality risk, diet, or tolerance to extreme weather,
the level of species interaction will vary accordingly (Fritz
et al. 1996). Understanding how niche overlap is related to

weather conditions is particularly relevant in view of climate
change.

In Norway, the abundance of moose Alces alces has
increased during the last four decades (Lavsund et al. 2003),
and are exceeding the abundance of free ranging livestock
in many parts of the country (Austrheim et al. 2011). At
the same time, moose hunting and related services have
become increasingly more important for the rural economy
(Storaas et al. 2001). This creates conflicts among stakehold-
ers, as many are concerned about the potential impact of
livestock grazing on moose distribution and demography. To
obtain a sustainable management of forest resources for large
ungulates, we therefore need more knowledge about the
interactions between wild and domestic ungulates utilising
the same areas.

To better understand such interactions, we analysed the
variation in components of the realised niche of moose and
two species of domestic ungulates, sheep Ovis aries and cat-
tle Bos taurus, on a boreal forest range in southern Norway.
Using an extensive set of location data, we 1) estimated the
distances between the realised niche of moose, sheep and cattle,
and 2) tested whether the realised niche distance co-varied
with photoperiod (i.e. diurnally) and weather conditions. In
addition, we examined 3) to what extent the width of the
realised niche of moose was related to its niche distance to
sheep and cattle. The dietary overlap between moose, sheep
and cattle is quite low as moose summer diet consists mostly
of browse and heather (Mysterud 2000, Wam and Hjeljord
2010a, b) whereas sheep and cattle predominantly eat grass
and herbs (Hofmann 1989). Hence, from a diet perspective
we expect rather long distances between moose and livestock
niches. However, high-quality forage for all species seems to
be most abundant in the same habitats, such as clear-cuts
and young forest stands (Wam et al. 2010, Bjorneraas et al.
2012), indicating that the niche distances may be smaller
than first anticipated. We also predicted niche distances to
be shorter during twilight and night, when moose are most
active, and to be longer during days of high temperatures. In
warm days moose tend to seck shelter in the forest (Dussault
et al. 2004, Melin et al. 2014), while livestock tend be
resting in open areas (Hjeljord et al. 2014). Moreover, as
livestock are tolerant to humans, moose are more likely to
avoid areas occupied by livestock than the other way around.
Hence, during periods of shorter niche distances, moose may
decrease the use of habitats associated with livestock, result-
ing in a decrease in the niche width of moose. Alternatively,
moose may turn to other sub-optimal habitats to compen-
sate for the lower utilisation of preferred habitats, which will
result in increased niche width.

Methods

Study area

The study area (approximately 520 km?) is located in south-
eastern Norway (60°16'N, 10°51’E), below the forest line
with elevation ranging from 200 to 450 m. asl. and a topog-
raphy dominated by gentle to moderate slopes (Fig. 1). The
forest is dominated by Norway spruce Picea abies and Scotch
pine Pinus sylvestris, mixed with deciduous species such as



Figure 1. The location of the study area in Norway where we assessed niche partitioning among moose and livestock (A), and elevation and
road densities (B, thin lines = private roads, thick lines = public roads, thick black dashed line = boundary of the study area). (C), (D) and
(E) show the distribution of GPS-locations from moose, sheep, and cattle, respectively. Only roads closer than 2 km from the boundary of

the study area are shown in (B).

birch Betula pubescens, rowan Sorbus aucuparia, aspen Popu-
lus tremula, goat willow Salix caprea and other salix species
(Moen 1999). Open areas are mainly bogs, and meadows at
abandoned summer farms, dominated by grasses and herbs.
Logging activity creates a diverse age structure of the for-
est, of which young forest stands in general have particularly
high quantity of moose forage (Wam et al. 2010, Bjorneraas
et al. 2011). Besides forestry, human infrastructure is rather
low in the area. One fenced-off public road crosses the study
area (Fig. 1), but has several wildlife crossing corridors. There
is also an extensive net of private gravel roads in the area.
The study area is almost entirely fenced in, where sheep
and cattle are left free-ranging without any kind of shep-
herding during summer. Most sheep were transported to the
central parts of the area before being released in early June,
whereas cattle were released closer to the farms at the periph-
ery of the area. Moose migrate from lower latitudes into the
study area during spring (arrival in study area in the end of
April or early May, O. Roer unpubl.), and have their sum-

mer ranges mainly inside the fenced area. Accordingly, dur-
ing summer all three species share the same ranges.

Animal, habitat and weather data

Sheep (n=376) and cattle (n=15) were fitted with GPS-
collars (Telespor; <www.telespor.no>) in the springs of
2010-2012 just before they were released in the grazing
area. Moose were captured and fitted with GPS collars from
VECTRONIC Acrospace (GPS PLUS/GPS PRO Light col-
lars) during February and March 2009 and 2010, as part of
a project to assess moose movement in relation to infrastruc-
ture. Capture, handling, and anesthetizing of moose were
approved by the Norwegian Directorate for Nature Manage-
ment and the Research Animal Committee in Norway, and
followed the procedure described in Arnemo et al. (2006).
Fifteen of the marked moose used the study area as summer
range in 2010-2012, for which position data were included
in the analyses after being screened for errors following
Bjorneraas et al. (2010). Locations where subsampled to a



4-h interval to ensure a standardised sampling interval for all
three species. The study period for all species was limited to 6
June—8 September, which corresponds to the period when all
three were present within the syudy area. The density of live-
stock varied only slightly between study years (A. O. Ruud
pers. comm.).

To describe the habitat at each animal location, we
used elevation (m a.s.l.), slope (degrees), and aspect (radial
degrees), obtained from a digital elevation model (DEM)
with a spatial resolution of 25 X 25 m? (Norwegian Map-
ping Authority). Aspect was converted to two continuous
variables: cos(aspect) ranging from 1 (north) to —1 (south)
and sin(aspect) ranging from 1 (east) to —1 (west). In
addition, we used habitat types based on land cover maps
that were digitised from aerial photos and field surveys
at a spatial scale of 1:5000 (Bjerdal and Bjerkelo 2006),
and categorised as follows: High productive coniferous
forest, medium productive coniferous forest, low produc-
tive coniferous forest, mixed and deciduous forest, grazing
land (meadows and abandoned agricultural areas), bogs,
and other areas (impediment, other open areas). We also
calculated the distance to private roads and public roads.
These were combined to one variable (‘distance to roads’)
as they were highly correlated in the ecological niche
space, and as the results did not differ qualitatively com-
pared to the results of including private and public roads
as two separate variables. To reduce heteroscedasticity in
the habitat use regression, and to obtain normal distribu-
tion of the continuous variables in the habitat decomposi-
tion, slope was In-transformed and distance to roads was
square-root transformed. Elevation and aspect were not
transformed.

Weather data (daily mean temperature and daily precipi-
tation) from a nearby weather station located approximately
10 km southwest from the centre of the study area, were
obtained from the Norwegian Meteorological Institute. The
photoperiod at each animal location was calculated based on
the solar elevation at the location at the time of observation,
using the function solarpos in the package maptools
(Bivand and Lewin-Koh 2014) in R ver. 3.2.2 for windows
(< www.r-project.org>). Daytime was defined as solar eleva-
tion > 0° (i.e. sun above the horizon), twilight hours as solar
elevation <0° and > —6°, while the night time was defined
as solar elevation < —6°.

Calculating niche components and distance

We assumed that the observations from marked individuals
were random samples of locations from the entire popula-
tion within the available area at a given time, and that all
species had access to the same habitats, i.e. similar habitat
availability. All observations from a species at time step #
were then pooled to represent the population’s habitat utili-
sation, which we call the realised niche of that species in the
given area and time period 7.

Following a modified approach of Basille et al. (2008)
we first calculated the multivariate environmental space of
all observations (all species pooled) described by the matrix
N X P where N is number of observations from a range
of time periods and P is the number of variables describ-
ing the landscape. Following recommendations in Basille

et al. (2008), continuous variables were standardised with
mean =0 and variance=1. We then used the function
dudi.mix in the package adehabitatHS (Calenge
20006) in R (< www.r-project.org>) to decompose these vari-
ables into p environmental axes. This function performs as
multivariate analyses where input variables can be a mix of
continuous (e.g. elevation, slope) and categorical (habitat
types) variables (Calenge 2006). An important output is the
eigenvalues, which indicates axes’ importance in explaining
the variation in habitat characteristics of the observations.
Attributes, such as species and time of observations, are
distributed along these environmental axes (Fig. 2A). For
instance, characteristics of the niche of a species # at time #
for environmental axis 7 can be described by the mean value,
WU,;» and the variance G, .

The total niche distance along all p axes between two
species, @ and b, at time ¢, can then be calculated as:

b

Z(sz,i,z My )2 (1)

i=1

Note that §,,, will always be greater than zero, as the direc-
tion of difference (i.e. if U, is greater than or smaller than
W,,;,) along the environmental axes is discarded. Calculating
d,,, for several time steps (e.g. seasons or time of day) makes
it possible to assess temporal variation in niche distance.
In addition, when including more than two species, dif-
ferences in niche distance between pairs of species can be
directly compared. For instance, if 8, is higher than §,,,,
the distance between the realised niche of species 2 and & is
longer than between 4 and ¢, measured at the time period #
(Fig. 2D).

The niche width for species z at time in the environmen-
tal niche space described by the p axes, can be calculated as
the variance of the values along the p axes for the species and
time period (Fig. 2C):

= SWar(x,,, )+ 25 Conlx,,,05,,,) @)

’
wa =Var Zxﬂ,,y,
i=1 i=1 i<j
In further analyses we used the square root of 62, (G,,)
as measure of niche width as this gave models with better
distribution of residuals (i.e. homoscedasticity). Although
axes in the p-dimensional niche space are independent
and thus have zero co-variation, there may be co-variation
between values along two axes for a subset of the total sample,
N, such as for a specific species # at time interval 7
Sample size may differ between species. This can poten-
tially generate bias towards the most data-rich species or
time, but can be accounted for by weighting observations
according to the sample size of all observations belonging
to the species (or time period), e.g. by 1/7 where 7 is sam-
ple size. However, as the results did not differ qualitatively
between analyses based on non-weighted or weighted niche
calculations, we only present non-weighted results. The lack
of effect of weighting may have occurred because differ-
ence in sample size mainly results in a shift of the centre
of the environmental space towards the sample-rich species.
Consequently, the difference between the species’ location in
the environmental space (i.e. the niche distances and widths)
remains the same because species observations are placed in
the same environmental space.
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Figure 2. Schematic representation of the procedure to calculate the distance & between realised niche, and niche width G for three species
and two time steps. (A) Observations from all species at all times are used to decompose the values from habitat characteristics into two
environmental axes. (B) and (C) From the species locations in the environmental space, axis-specific means, |, and total variation, ¢ (Eq.
2) can be calculated for each species and time step. (D) and (E) The niche distance between two species at a given time step, & (Eq. 1) is
calculated as the total distance in the environmental space described by axis 1 and axis 2. In the example, all species have wider realised
niches at time step t1 compared to t2, and species A have the widest realised niche at t1. The distances between species’ realised niche are
largest during 2. Species A is located further away from B and C in the environmental space (larger ) whereas species B and C have realised
niches that are closer in the environmental space.

We decomposed the variation in habitat characteristics
from all animal observations pooled into environmental axes.
Based on the eigenvalues of the environmental axes, we chose
to retain 5 axes that captured 62.3% of the total variation in

landscape characteristics of the observations (Supplementary
material Appendix 1 Table A1). From the five environmental
axes, we calculated Wy, 0 Mg a0d Ry, Where 7 is
an environmental axis and ¢ is time period defined by the



year, day number, and photoperiod (day, twilight, or night).
Accordingly, each ;. represents the population mean
for a species along an environmental axis at a given day,
photoperiod and year. From the sets of [ ;, we calculated
the overall environmental niche distance at a given time
between moose and sheep, 8, 5., » and moose and cattle,

8 toose-carnter (EQ. 1), as well as the species-specific niche width,
o, (Eq. 2).
Our approach using ecological niche modelling

approaches that takes into account multiple environmental
axes differs from previous methods, such as Pianka’s statis-
tic (Pianka 1973) by allowing one single model to assess
comparable measures of niche distance between several spe-
cies, groups of individuals, or time periods simultaneously,
and that niche locations (and consequently niche distance
between species) and niche widths are obtained within the
same framework. Note that our approach of examining
differences in species habitat utilisation do not depend on
the direction of which two species is examined. Measures
of niche overlap that compare the overlap between two spe-
cies niche in the hypervolume (Blonder et al. 2014), will
get different answer depending on whether A is compared
against B, or vice versa.

Analysing temporal variation in species-specific
habitat use and niche components

In all analyses we included year and day number as random
factors in (generalised) linear mixed models, (g)lmm, (Bolker
et al. 2009) ficted within the lme4-package (Bates et al.
2014) in R (K www.r-project.org>), to account for temporal
interdependencies in the observations that was not captured
by the explanatory variables. We used AICc (Burnham and
Anderson 2002) to rank candidate models. We allowed all
variables to be excluded from candidate models, but if an
interaction was included its main effects were always retained
in the model. Uncertainty of parameter estimates (95% CI)
was based on semi-parametric bootstrapping of the models
using the function bootMer in package Ime4 (Bates et al.
2014).

We first analysed each habitat variable separately to
explore differences in habitat use among species and over
time. For this, we used habitat variables averaged on spe-
cies, year, day number, and photoperiod. We used (g)lmm
with habitat variable as dependent variable and species,
photoperiod, daily mean temperature and daily precipi-
tation as explanatory variables. We also included all two-
way interactions and the three-way interactions species X
photoperiod X temperature and species X photoperiod
X precipitation (see Supplementary material Appendix 2
for model details). Continuous variables (elevation, slope,
aspect, distance to roads) were analysed with gaussian error
structure. Habitat types were analysed in logistic models
(glmm, binomial family and logit link) with the frequency
of observations in the focal habitat type in relation to the
total number of observation for the species at the time as
dependent variables.

The two sets of niche distances (8 7,,,, 5105, 20 81,0t o
see above) were pooled to one dataset where the variable
‘livestock species’ (LS) indicated whether the measured niche
distance was between moose and sheep, or between moose

and cattle. Niche distance was then analysed with linear
mixed models with temporal covariates and whether niche
distance was measured against sheep or cattle (LS) as explan-
atory variables. A significant effect of LS suggests that the
niche distance between moose and cattle was different from
the niche distance between moose and sheep. Moreover, we
tested if temporal variation in 8y, e, (Livestock being
cither sheep or cattle) was related to photoperiod, daily mean
temperature, and daily precipitation, where the main effects
indicate that niche distance varied between photoperiod or
due to weather. The two-way interactions LS X photoperiod,
LS X temperature and LS X precipitation were included to
assess if temporal patterns in niche distance differed between
moose and sheep compared to moose and cattle. Finally, the
two-way interactions photoperiod X temperature and pho-
toperiod X precipitation were included to assess if weather
effects on niche distance was more pronounced during cer-
tain periods of the day. Likewise, the three-way interactions
LS X photoperiod X temperature and LS X photoperiod
X precipitation were included to see if any diurnal patterns
in weather effects on niche distance varied depending on
what livestock species moose was compared against. For an
overview of the fixed factors and interactions included in the
global model (Table 1). §,,,.. was In-transformed to
reduce heteroscedasticity.

To assess the temporal variation in the width of the
realised niche of moose, we analysed G, in a linear mixed
model with respect to photoperiod, temperature, and pre-
cipitation. We also included 8,4, 51, and 8y, e i0
order to investigate whether temporal variation in moose
niche width was related to the distance in realised niche to
livestock niches. A positive relationship between G,,,,, and
O tonse-Sheep OF Onoose A0 811, 1y indicates that moose niche
width was narrower when niche distance between moose and
livestock was shorter. In the global model, we also included
two-way interactions between photoperiod and the other
fixed factors.

Livestock,t

Table 1. AlCc-based ranking of candidate models explaining the
variation in niche distance between moose and free-ranging live-
stock, 8y jpse-rivestocks ON @ forest range in south-eastern Norway, based
on the five axes describing the environmental niche space.
Explanatory variables are livestock species (LS =sheep or cattle),
photoperiod (PP =day, twilight, night), daily mean temperature
(Temp) and total precipitation (Prec). Only the ten highest ranked
models are shown.
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Results

Temporal variation in species-specific habitat use

For all habitat variables, animal species was included in the
highest ranked models, indicating that habitat use varies
among species (Supplementary material Appendix 2, Fig. 3).
Photoperiod and its interaction with species were included
in all of the highest ranked models, except for mixed decidu-
ous forests. Thus, the effect of photoperiod on habitat use
seemed to vary between species (Fig. 3). The overall pattern
was that moose used areas at higher elevation, further from
roads (during day) and at more north-facing slopes than
sheep and cattle. In contrast, cattle more often used flatter
areas closer to roads, as well as grazing land and bogs. High
productive coniferous forest was most used by cattle (during
day) and least by sheep (during twilight and night), whereas
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medium productive coniferous forest was most used by
sheep (twilight and night). Low productive coniferous forest
was used most by moose (day) and sheep (night), and only to
a small extent by cattle. Mixed deciduous forest was mainly
used by moose, but overall few observations were found in
this habitat type. There were no consistent species-specific
patterns between photoperiods for the habitat type “other
areas’.

The use of habitat types varied with weather conditions
(Fig. 3). For all habitat variables except mixed deciduous for-
ests, temperature and/or precipitation were included in the
highest ranked model (Supplementary material Appendix
1 Table Al). Moreover, as the two- and three-way interac-
tions between weather variables, species and photoperiod
were included in most models, species and photoperiod
also seemed important for how weather conditions affected
habitat use.
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Figure 3. Species-specific temporal variation in habitat use among moose (green lines), sheep (blue lines) and cattle (yellow lines), based on
the highest ranked model in the Supplementary material Appendix 1 Table Al. Solid, dashed, and dotted lines represent daytime, twilight,
and night, respectively. Temperature is measured as daily mean temperature (°C), and precipitation is total daily precipitation (mm). For
panels showing difference in use between photoperiods, mean temperature and precipitation are used to predict values. Bars show standard

error of parameter estimates.



The overall pattern was that moose more often used flat-
ter, more east-facing slopes at lower elevations and closer to
roads during warm days compared to days with lower tem-
peratures. During warm nights, moose used more north-
facing slopes than in cold nights. Moose also increased their
use of high productive coniferous forests during day and
twilight periods when temperatures were high, and reduced
their use of low productive coniferous forests. Finally, moose
increased their use of bogs and reduced their use of “other
areas” at high temperatures. Temperature-habitat relation-
ships were less clear for sheep and cattle. Most importantly,
sheep reduced their use of high productive coniferous for-
est during night and twilight hours at high temperatures,
and increased their use of low productive coniferous forests.
Cattle increased their use of medium productive coniferous
forests and reduced their use of low productive coniferous
forests at high temperatures. Cattle use of grazing land was
positively related to temperature in both day and night, but
negatively related to temperature in twilight periods. Cattle
also used bogs and “other areas” more at high temperatures.

There were fewer and less complex relationships between
habitat use and precipitation. All species used areas at lower
elevation when precipitation was high. Moose also moved
closer to roads and more often used north-facing slopes and
high productive coniferous forests when precipitation was
high, and spent less time in low productive coniferous for-
ests and bogs. Patterns were weaker for livestock. However,
sheep moved to more south-facing slopes at high precipita-
tion, whereas cattle reduced their use of medium produc-
tive coniferous forest (during day) and grazing land, and
increased the use of high productive coniferous forest (dur-
ing day and night) when precipitation was high.

Species-specific variation in niche components

Component scores for the five environmental axes explain-
ing the variation in landscape characteristics of the animal
locations are found in Supplementary material Appendix 1.
The first environmental axis was mainly related to distance to
roads, elevation, and habitat types, whereas the second axis

was related to slope, north-south aspect, and habitat types.
The last three axes were mainly related to habitat types.

The average niche distance between moose and sheep,
B toose-Sheepp Was 1.17 (95% CI; 0.98; 1.40). The distance
between moose and cattle, 8, . Was 1.59 (95% CI: 1.33;
1.90), which was significantly higher than 8, ., (95%
CI of 6Mﬂﬂ:e»5/)eep - BMoo:e»Cdztle: -0.53; -0.3 2) The 85/Jeep»Cattle
was 1.15 (95% CI: 0.87; 1.53).

The mean niche width per time step, 0, was smallest for
moose (G, = 1.93, 95% CI: 1.72; 2.13) and highest for
cattle (G, = 2.23, 95% CI: 2.03; 2.44), with sheep hav-
ing intermediate niche width (og,,, =2.09, 95% CI: 1.89;
2.29). Niche width differed signifglcantly between species
(95% CL: G5 = Ot =0.28; =0.04, Gy, — Oyt —0.44;5
~0.17, Gy~ Oy ~0.27; ~0.02).

Temporal variation in niche components

The AICc-based model selection suggested that all tempo-
ral variables (photoperiod, temperature and precipitation)
were important in explaining the variation in niche distance
between moose and livestock (Table 1). The highest ranked
model also included the interactions between photoperiod
and species, species and temperature, photoperiod and tem-
perature, and photoperiod and precipitation, as well as the
three-way interaction between species, photoperiod and
temperature. These terms were included in at least four of
the six models with AAICc <2 (Table 1, see Supplementary
material Appendix 2 Table A3 for parameter estimates for the
two highest ranked models). Contrary to our expectations,
niche distances, 8,/ sy A0 8315, o Were longest dur-
ing twilight and shortest during day (Fig. 4A). The relation-
ship between 8,,,,.. 1o and temperature differed between
the livestock species, and between photoperiods (Fig. 4B).
The relationship between temperature and §,,,, ., Was
negative during daytime and positive during night, whereas
no clear relationship was found during twilight hours
(Fig. 4B). 8,/,0-carzie Was only weakly related to temperature,
with the strongest positive relationship during the twilight
hours (Fig. 4B). Precipitation was related to 8,y g, and
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tion. Blue and yellow lines represent niche distance between moose and sheep, and moose and cattle, respectively. Solid lines show
relationships during the day, dashed lines show relationships during the twilight hours, whereas dotted lines show relationships during
night. The predicted relationship is from the highest ranked model in Table 2. Bars show standard error of parameter estimates.



Table 2. AlCc-based ranking of candidate models explaining the
temporal variation in moose niche width, 6,,,,.., from a forest range
in southeastern Norway, in relation to the niche distance to sheep
(B soose-sheep) @Nd cattle (8yjose-caue), daily mean temperature (Temp),
daily precipitation (Prec) and photoperiod (PP = day, twilight, night).
Only the ten highest ranked models are shown.

5
¢ % a o s B
& W W = o o o o o AAlCc AlCc-w
X X X X X 0.00 0.303
X X X X X X 1.24 0.163
X X X X X X 1.98 0.113
X X X X X X X 3.15 0.063
X X X X X X 3.20 0.061
X X X X 3.23 0.060
X X X 4.24 0.036
X X X X X 4.28 0.036
X X X X X X X X 5.03 0.024
X X X X X 5.17 0.023

O toose-Carne I @ similar manner, with a negative relationship
during daytime and no clear relationship during twilight or
dark hours (Fig. 4C).

According to the AICc-based model selection, the tempo-
ral variation in moose niche width, 6,,,, was best explained
by photoperiod, temperature, and 8,,,,, 5, (Table 2). The
highest ranked model also included the interactions between
photoperiod and 8, ., and photoperiod and tempera-
ture. These terms were included all candidate models with
AAICc <2 (see Supplementary material Appendix 2 Table
A4 for parameter estimates for the two highest ranked mod-
els). 6., was lowest during twilight and highest during
night, but their associated 95% confidence intervals were
quite high (Fig. 5A). Thus, there was only weak evidence
for diurnal variation in 6,,,, . However, 6, was positively
related to 8, 5., and more so during night, indicating
that the realised niche of moose was wider when the niche
distance to sheep was long (Fig. 5B). This is in accordance

with the prediction that livestock presence may restrict hab-
itat use by moose. During twilight hours the relationship
between ©,,,, and temperature was negative while the
relationship was weakly positive during night and day
(Fig. 5C).

Discussion

Using location data from wild (moose) and domestic (sheep
and cattle) ungulates that use the same forest range during
summer, we show how niche partitioning between species
varied with photoperiod and weather (Fig. 3, 4). The width
of the moose niche also showed temporal variation related to
photoperiod, temperature, and to the realised niche distance
between moose and sheep (Fig. 5). Combined, these results
suggest that the temporal variation in realised niche of wild
and domestic ungulates is related to species-specific patterns
of habitat utilisation varying over time.

Co-existing species with overlapping dietary or habitat
requirements often show segregation in the form of dietary
shifts or spatial displacement (Anderwald et al. 2015,
Witczuk et al. 2015). In many cases, such segregation is the
result of co-evolution towards less interspecific competition
(Schlaepfer et al. 2005), facilitating the co-existence of spe-
cies. However, in most cases domestic and wild ungulates
have only a short history of co-existence, and they often
interact during part of the year only (Chirichella et al. 2014).
Accordingly, any behavioural response in the wild ungulate,
such as spatial or niche segregation (Austin and Urness 1986,
Fritz et al. 1996, La Morgia and Bassano 2009, Brown et al.
2010) is more likely to be a response to environmental per-
turbations, i.e. the presence of livestock, than to evolution.

In our study system, the distance between niches as
described by habitat characteristics was shorter between
moose and sheep compared to moose and cattle. Specifically,
cattle used areas with less slope, closer to roads, and more
dominated by high coniferous forest (day-time only) and
grazing land, compared to moose and sheep. Both sheep and
cattle are categorized as grazers (Van Soest 1994), and would
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Figure 5. The relationships between moose realised niche width, and (A) photoperiod, (B) niche distance between moose and sheep,
8 toose-Sheqp a0d (C) daily temperature. Solid lines show relationships during the day, dashed lines show relationships during the twilight
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therefore be expected to have similar habitat requirements
with regard to foraging. However, as cattle are considerably
larger than sheep, they may also be better in trading off for-
age quality for quantity (Demment and Van Soest 1985, but
see Clauss and Hummel 2005), which can explain why they
spend more time in open grazing land and bogs with higher
abundance of grass. Conversely, sheep are smaller and less
able to digest low-quality forage, and hence are forced to
be more selective when foraging (Hofmann 1989). Forests,
with their fine-scaled mixture of open and closed patches
could therefore better accommodate the needs of sheep.
Indeed, because such habitats also provide the most suitable
foraging landscape for moose (Wam and Hjeljord 2010a,
Bjorneraas et al. 2011), this can explain the shorter niche
distance between sheep and moose than cattle and moose. It
is worth noting that observations of sheep and moose were
distributed over larger parts of the study area compared to
cattle (Fig. 1), which could have created a similar pattern
in case of considerable habitat differences e.g. between the
southern and eastern part of the study area. However, the
niche width was highest for cattle, which suggests that this
species utilised the broadest range of habitats. Accordingly,
there is no indication that cattle were particularly restricted
by the habitat types available.

Habitat use differed between photoperiods, seemingly in
accordance to species-specific diurnal activity patterns. For
instance, moose are found to be least active during the day
(Cederlund 1989, Lykkja et al. 2009), and in our study spent
this time period mainly in the cover of low productive conif-
erous forest. In contrast, sheep and cattle seemed to spend
most of the day in typical feeding habitats, but did otherwise
show several contrasting diurnal patterns. While sheep was at
lower elevations during day and moved to higher elevations
in the twilight and night-time, cattle moved from higher to
lower elevations. Similarly, sheep spent more time closer to
roads in high productive coniferous forest during daytime; a
pattern that was not found for cattle (Fig. 3). Hence, sheep
and cattle utilise different parts of the landscape at different
times (i.e. temporal habitat partitioning), leaving fewer habi-
tats exclusively available for moose.

Through species-specific habitat-responses, weather can
also affect the distance between species niches (Fritz et al.
1996). For instance, moose are not tolerant to heat during
summer (Franzmann and Schwartz 1997), but can adjust by
using habitats with denser canopy cover (Melin et al. 2014).
This may explain why moose were more often using north-
facing slopes at lower elevation and closer to roads during
daytime when temperatures were high, and spent less time
in low productive coniferous forest (Fig. 3). We found no
such pattern in sheep and cattle, with the consequence that
particularly the niche distance between sheep and moose
decreased during periods with high temperature.

The complex patterns of habitat use in relation to pho-
toperiod and weather suggest that animals make decisions
based on tradeoffs between foraging, risk avoidance, and
protection from stressful environmental conditions. In
traditional habitat utilisation analyses, such results may be
confounded by correlated habitat characteristics (Engen
et al. 2008). By decomposing all habitat characteristics into
one measure of niche distance, we could measure the tem-
poral variation in overlap for all habitat variables combined.
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This analysis confirmed the results of the univariate analy-
ses; i.e. that moose niche distance to sheep was shorter than
to cattle, and shorter during the day and night than in the
twilight hours (Fig. 4A). This emphasizes the importance of
addressing temporal variation in niche overlap (Basille et al.
2013). In addition, the niche distance to livestock depended
on weather conditions (Fig. 4B—C). The positive relationship
between moose niche width and niche distance to sheep (Fig.
5B), also suggests a behavioural response by moose to sheep
presence. Possibly, this is because moose avoid habitat types
used by sheep, which has been reported for wild ungulates
facing intrusion of livestock on their ranges (Cooper et al.
2008, Fritz et al. 1996, Chirichella et al. 2014, Traba et al.
2017), or it may be related to temporal correlation in the
responses of niche width and niche distance to varying
weather conditions. The niche distance between moose and
sheep was related to temperature, and as niche distance was
included in the model explaining the variation in moose
niche width it may have captured some of the variation
attributed to temperature.

In most areas where wild and domestic ungulates co-
exist, the abundance of livestock is considerably higher than
the abundance of wild ungulates (Austrheim et al. 2011,
Chirichella et al. 2014). Accordingly, even small changes in
their niche overlap can have high impact on the less abundant
species, irrespective of its competitive abilities (Abrams
1980). The shorter niche distance between sheep and moose
at high temperatures suggests that interactions between
these species will increase following the predicted warmer
and wetter weather in boreal forests (Benestad 2011). For
moose, where summer is the main season for body growth
and development (Herfindal et al. 2006), the combination
of increased environmental stress from high temperatures
(Melin et al. 2014) and higher level of interspecific inter-
actions with livestock, can affect fitness through reduced
foraging opportunities. Other mechanisms such as increased
risk of disease transmission (Frolich et al. 2002, Stuen et al.
2013) may affect both livestock and wildlife. However, we
need more knowledge about the fine-scale spatial interac-
tions as well as dietary consequences of co-existence in order
to predict any demographic consequences.

Acknowledgements — We thank the moose project in Akershus for
allowing us to use the moose data, and Nannestad Sankelag and
Nannestad Beitelag for giving access to livestock data.

Funding — The study was funded by the Research Council of
Norway, project no. 215647/E40 (Intensified harvesting of forests
— implications for enterprises related to wild and domestic
ungulates). This work was also partly supported by the Research
Council of Norway through its Centres of Excellence funding
scheme, project no. 223257.

References

Abrams, P. 1980. Some comments on measuring niche overlap.
— Ecology 61: 44—49.

Anderson, E. W. and Scherzinger, R. J. 1975. Improving quality
of winter forage for elk by cattle grazing. — J. Range Manage.
28: 120-125.

Anderwald, P etal. 2015. Influence of migratory ungulate manage-
ment on competitive interactions with resident species in a
protected area. — Ecosphere 6: art228.



Apollonio, M. et al. 2010. European ungulates and their
management in the 21st century. — Cambridge Univ. Press.

Arnemo, J. M. et al. 2006. Risk of capture-related mortality in large
free-ranging mammals: experiences from Scandinavia. — Wildl.
Biol. 12: 109-113.

Austin, D. D. and Urness, P. J. 1986. Effects of cattle grazing on
mule deer diet and area selection. — J. Range Manage. 29:
18-21.

Austtheim, G. et al. 2011. Spatio-temporal variation in large
herbivore pressure in Norway during 1949—1999: has decreased
grazing by livestock been countered by increased browsing by
cervids? — Wildl. Biol. 17: 286-298.

Basille, M. et al. 2008. Assessing habitat selection using multivariate
statistics: Some refinements of the ecological-niche factor
analysis. — Ecol. Model. 211: 233-240.

Basille, M. et al. 2013. Ecologically based definition of seasons
clarifies predator—prey interactions. — Ecography 306:
220-229.

Bates, D. et al. 2014. Ime4: Linear mixed-effects models using
Eigenand S4. — R package ver. 1.1-6. <http://CRAN.R-project.
org/package=Ime4 >.

Benestad, R. E. 2011. A new global set of downscaled temperature
scenarios. — J. Climate 24: 2080-2098.

Bivand, R. and Lewin-Koh, N. 2014. maptools: tools for reading
and handling spatial objects. — R package ver. 0.8-30.

Bjordal, 1. and Bjerkelo, K. 2006. AR5 klassifikasjonssystem.
Klassifikasjon av arealressurser. — Haindbok fra Skog og
landskap 01/2006.

Bjorneraas, K. et al. 2010. Screening global positioning system
location data for errors using animal movement characteristics.
—J. Wildl. Manage. 74: 1361-1366.

Bjorneraas, K. et al. 2011. Moose habitat use at multiple temporal
scales in a human-altered landscape. — Wildl. Biol. 17:
44-54.

Bjorneraas, K. et al. 2012. Habitat quality influences population
distribution, individual space use and functional response in
habitat selection by a large herbivore. — Oecologia 168:
231-243.

Blonder, B. et al. 2014. The n-dimensional hypervolume. — Global
Ecol. Biogeogr. 23: 595-6009.

Bolker, B. M. et al. 2009. Generalized linear mixed models: a
practical guide for ecology and evolution. — Trends Ecol. Evol.
24: 127-135.

Brown, N. A. et al. 2010. Changes in vigilance, grazing behaviour
and spatial distribution of bighorn sheep due to cattle presence
in Sheep River Provincial Park, Alberta. — Agric. Ecosyst.
Environ. 135: 226-231.

Burnham, K. P and Anderson, D. R. 2002. Model selection and
multimodel inference. A practical information-theoretic
approach. — Springer.

Calenge, C. 2006. The package “adehabitat” for the R software: a
tool for the analysis of space and habitat use by animals. — Ecol.
Model. 197: 516-519.

Cederlund, G. 1989. Activity patterns in moose and roe deer in a
north boreal forest. — Holarct. Ecol. 12: 39-45.

Chirichella, R. et al. 2014. Competition between domestic and
wild ungulates — In: Putman, R. and Apollonio, M. (eds),
Behaviour and management of European ungulates. Whittles
Publishing, pp. 110-123.

Clauss, M. and Hummel, J. 2005. The digestive performance of
mammalian herbivores: why big may not be that much better.
— Mammal Rev. 35: 174-187.

Cooper, S. M. et al. 2008. Distribution and interaction of white-
tailed deer and cattle in a semi-arid grazing system. — Agric.
Ecosyst. Environ. 127: 85-92.

Cornélis, D. et al. 2011. Spatiotemporal dynamics of forage and
water resources shape space use of West African savanna
buffaloes. — J. Mammal. 92: 1287-1297.

Coté, S. D. et al. 2004. Ecological impacts of deer overabundance.
— Annu. Rev. Ecol. Evol. Syst. 35: 113-147.

DeGabriel, J. L. etal. 2011. The presence of sheep leads to increases
in plant diversity and reductions in the impact of deer on
heather. — J. Appl. Ecol. 48: 1269-1277.

Demment, M. W. and Van Soest, P. J. 1985. A nutritional explana-
tion for body-size patterns of ruminant and nonruminant
herbivores. — Am. Nat. 125: 641-672.

Dorn, R. D. 1970. Moose and cattle food habits in southwest
Montana. — J. Wildl. Manage. 34: 559-564.

Dussault, C. et al. 2004. Behavioural responses of moose to
thermal conditions in the boreal forest. — Ecoscience 11:
321-328.

Engen, S. et al. 2008. An efficient multivariate approach for
estimating preference when individual observations are
dependent. — J. Anim. Ecol. 77: 958-965.

Fankhauser, R. etal. 2008. Dung avoidance as a possible mechanism
in competition between wild and domestic ungulates: two
experiments with chamois Rupicapra rupicapra. — Eur. J. Wildl.
Res. 54: 88-94.

Franzmann, A. W. and Schwartz, C. C. 1997. Ecology and
management of the North American moose. — Smithsonian
Inst. Press.

Fratkin, E. 2001. East African pastoralism in transition: Maasai,
Boran, and Rendille cases. — Afr. Stud. Rev. 44: 1-25.

Fritz, H. et al. 1996. Habitat use by sympatric wild and domestic
herbivores in an African savanna woodland: the influence of
cattle spatial behaviour. — J. Appl. Ecol. 33: 589-598.

Frélich, K. et al. 2002. A review of mutual transmission of impor-
tant infectious diseases between livestock and wildlife in
Europe. — Ann. N. Y. Acad. Sci. 969: 4-13.

Gordon, 1. J. 1988. Facilitation of red deer grazing by cattle and
its impact on red deer performance. — J. Appl. Ecol. 25:
1-9.

Herfindal, I. etal. 2006. Population characteristics predict responses
in moose body mass to temporal variation in the environment.
—J. Anim. Ecol. 75: 1110-1118.

Hirzel, A. H. et al. 2002. Ecological-niche factor analysis: how to
compute habitat-suitability maps without absence data?
— Ecology 83: 2027-2036.

Hjeljord, O. et al. 2014. Forest pasturing of livestock in
Norway: effects on spruce regeneration. — J. For. Res. 25:
941-945.

Hofmann, R. R. 1989. Evolutionary steps of ecophysiological
adaptation and diversification of ruminants: a comparative
view of their digestive system. — Oecologia 78: 443—457.

Hutchinson, G. E. 1957. Concluding remarks. Population studies:
animal ecology and demography. — Cold Spring Harb. Symp.
Quant. Biol. 22: 415-427.

Iranzo, E. C. et al. 2013. Niche segregation between wild and
domestic herbivores in Chilean Patagonia. — PLoS One 8:
€59326.

Jenks, J. A. and Leslie, D. M. 2003. Effect of domestic cattle on
the condition of female white-tailed deer in southern pine—
bluestem forests, USA. — Acta Theriol. 48: 131-144.

Koocheki, A. and Gliessman, S. R. 2005. Pastoral nomadism, a
sustainable system for grazing land management in arid areas.
—J. Sustain. Agric. 25: 113-131.

Kraan, C. et al. 2013. Temporal variability of ecological niches: a
study on intertidal macrobenthic fauna. — Oikos 122: 754-760.

Kuiters, A. T. et al. 2005. Facilitative and competitive interactions
between sympatric cattle, red deer and wild boar in Dutch
woodland pastures. — Acta Theriol. 50: 241-252.

La Morgia, V. and Bassano, B. 2009. Feeding habits, forage
selection, and diet overlap in Alpine chamois (Rupicapra rupi-
capra L.) and domestic sheep. — Ecol. Res. 24: 1043-1050.

Lavsund, S. et al. 2003. Status of moose populations and challenges
to moose management in Fennoscandia. — Alces 39: 109-130.

11



Lele, S. R. et al. 2013. Selection, use, choice and occupancy:
clarifying concepts in resource selection studies. — J. Anim.
Ecol. 82: 1183-1191.

Lykkja, O. N. et al. 2009. The effects of human activity on summer
habitat use by moose. — Alces 45: 109-125.

Madhusudan, M. D. 2004. Recovery of wild large herbivores
following livestock decline in a tropical Indian wildlife reserve.
—J. Appl. Ecol. 41: 858-869.

Marshal, J. P et al. 2008. Evidence for interspecific competition
between feral ass Eguus asinus and mountain sheep Ouvis
canadensis in a desert environment. — Wildl. Biol. 14: 228-236.

Mason, T. H. E. et al. 2014. Predicting potential responses to future
climate in an alpine ungulate: interspecific interactions exceed
climate effects. — Global Change Biol. 20: 3872-3882.

Melin, M. et al. 2014. Moose (Alces alces) reacts to high summer
temperatures by utilizing thermal shelters in boreal forests: an
analysis based on airborne laser scanning of the canopy
structure at moose locations. — Global Change Biol. 20:
1115-1125.

Melis, C. et al. 2015. Individual and temporal variation in habitat
association of an alien carnivore at its invasion front. — PLoS
One 10: €0122492.

Mishra, C. et al. 2004. Competition between domestic livestock
and wild bharal Pseudois nayaur in the Indian Trans-Himalaya.
—J. Appl. Ecol. 41: 344-354.

Moen, A. 1999. National atlas of Norway: vegetation. — Norwegian
Mapping Authority.

Mysterud, A. 2000. Diet overlap among ruminants in Fennoscan-
dia. — Oecologia 124: 130-137.

Mysterud, A. and Ostbye, E. 1999. Cover as a habitat element for
temperate ungulates: effects on habitat selection and demog-
raphy. — Wildl. Soc. Bull. 27: 385-394.

Mysterud, A. and Austrheim, G. 2008. The effect of domestic
sheep on forage plants of wild reindeer; a landscape scale
experiment. — Eur. J. Wildl. Res. 54: 461-468.

Mysterud, A. et al. 1999. Habitat selection by roe deer and sheep:
does habitat ranking reflect resource availability? — Can. J.

Zool. 77: 776-783.

Supplementary material (available online as Appendix wlb-
00275 at <www.wildlifebiology.org/appendix/wlb-00275>).
Appendix 1-2.

12

Pianka, E. R. 1973. The structure of lizard communities. — Annu.
Rev. Ecol. Syst. 4: 53-74.

Roever, C. L. et al. 2012. Functional responses in the habitat
selection of a generalist mega-herbivore, the African savannah
elephant. — Ecography 35: 972-982.

Schlaepfer, M. A. et al. 2005. Introduced species as evolutionary
traps. — Ecol. Lett. 8: 241-246.

Stewart, K. M. et al. 2003. Niche partitioning among mule deer,
elk, and cattle: do stable isotopes reflect dietary niche?
— Ecoscience 10: 297-302.

Storaas, T. et al. 2001. The economic value of moose in Norway a
review. — Alces 37: 97-107.

Stuen, S. et al. 2013. Anaplasma phagocytophilum variants in
sympatric red deer (Cervus elaphus) and sheep in southern
Norway. — Ticks Tick-borne Dis. 4: 197-201.

Telfer, E. S. 1994. Cattle and cervid interactions on a foothills water-
shed in southwestern Alberta. — Can. Field Nat. 108: 186-194.

Thomas, D. and Barton, D. 1995. Interactions between livestock
production systems and the environment: impact domain:
crop-livestock interactions. Working document — Livestock
and the environment: finding a balance. — FAO UN.

Traba, J. et al. 2017. Realised niche changes in a native herbivore
assemblage associated with the presence of livestock. — Oikos
126: 1400-1409.

Van Soest, P J. 1994. Nutritional ecology of the ruminant.
— Comstock Pub.

Wam, H. K. and Hjeljord, O. 2010a. Moose summer and winter
diets along a large scale gradient of forage availability in
southern Norway. — Eur. J. Wildl. Res. 56: 745-755.

Wam, H. K. and Hjeljord, O. 2010b. Moose summer diet from
feces and field surveys: a comparative study. — Rangeland Ecol.
Manage. 63: 387-395.

Wam, H. K. et al. 2010. Differential forage use makes carrying
capacity equivocal on ranges of Scandinavian moose (Alces
alces). — Can. J. Zool. 88: 1179-1191.

Witczuk, J. et al. 2015. Niche overlap between sympatric coyotes
and bobcats in highland zones of Olympic Mountains,
Washington. — J. Zool. 297: 176-183.



