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and mountain hare Lepus timidus, will be attracted to burnt areas following an increase
in food availability, other species, such as reindeer Rangifer tarandus, are negatively
impacted due to fire reducing their preferred food. We then tested our predictions
by contrasting wildlife utilization of sites that burnt by wildfire in 2006 with nearby
unburnt control sites in three areas in northern Sweden. To measure wildlife utiliza-
tion, we used 72 camera traps, equally divided between the burnt and control sites,
with two placement strategies: random and on wildlife trails. The cameras recorded 27
mammal and bird species during summer 2018. Species assemblage differed between
burnt and control sites. Fieldfare Zurdus pilaris used burnt sites more than control
sites, while pine marten Martes martes and western capercaillie Zetrao urogallus used
control sites more than burnt sites. We however did not find support for a positive
effect of past forest fires on any of the observed wild mammals. We discuss how, due
to the impact of forestry, forage-rich habitat may not be as limiting in Scandinavia as
in the North-American context, potentially leading to recently burnt sites being less
attractive to herbivores such as moose.
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Introduction

Wildfire is a crucial component of the boreal forest and alters
its structure by opening up the canopy, creating coarse woody
debris, changing the species composition of the field layer,
adding charred wood, and reducing litter depth (Zackrisson
1977, Schimmel and Granstrém 1996, Eriksson et al. 2013,
Berglund and Kuuluvainen 2021). These changes will be dif-
ferent depending on several factors such as burn severity, time
since fire, latitude, and ecosystem productivity (Fang et al.
2018). One common long-term effect of fire in boreal forests
is an increase in the cover of primary successional tree species,
such as birch Berula spp., in the field layer (den Herder et al.
2009). Through these effects on the vegetation structure and
composition, fires can affect the availability of food and shel-
ter for wildlife in boreal forests (Engelmark 1999).

Fire as a natural disturbance in the boreal forest has been
effectively supressed in Fennoscandia during the last century
(Pinto et al. 2020) but is now predicted to increase due to
climate change (de Groot et al. 2013). However, the expan-
sion of large-scale timber production and associated expan-
sion of the road network and active fire suppression through
creation of fire breaks have reduced the average annual area
burned in Fennoscandia to less than 0.01% of the forested
land (Granstrom 2001). The role of wildfire in shaping eco-
systems has received increasing attention in terms of its role
in biodiversity restoration as well as the interactions between
fire and climate change (Masson-Delmotte et al. 2021).

A substantial number of studies have looked at the impact
of fire suppression on certain taxa in the boreal forests of
Fennoscandia. Specific examples from Fennoscandia include
several studies that showed that wildfire affects bird com-
munity composition (Edenius 2011, Versluijs et al. 2017,
Zmihorski et al. 2019) as well as certain specific bird species
(Versluijs et al. 2019, 2020). However, studies on wildfire
impacts on mammals are largely lacking from Fennoscandia
(see Ecke et al. 2019 for a study on small mammals). As a
result, there remain critical gaps in our understanding of the
broader effects of fire on wildlife in general, i.e. the whole
assemblage of larger mammals and birds. An improved
understanding of the effects of fire on wildlife assemblages
is especially important because of the predicted changes to
fire regimes in northern boreal forests due to climate change
(de Groot et al. 2013, Masson-Delmotte et al. 2021). Due to
the limited knowledge about how fire regimes affect wildlife
communities in Fennoscandia, we looked at other biomes
and continents to further understand the mechanisms behind
wildlife responses to fire.

Habitat requirements and traits (e.g. home range size or
feeding type) influence how different species respond to fire
(Eby et al. 2014). Fisher and Wilkinson (2005) reviewed
the North American literature on wildlife responses to for-
est fire, including the effect of the time since fire. They
found that insectivores had varied responses but gener-
ally increased in abundance in burnt areas a decade or two
after the fire. Additionally, they found that large mamma-
lian herbivores varied in their responses to fire, with caribou
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Rangifer tarandus being less abundant in recently burnt areas
while moose Alces alces increased in abundance in those areas
(Fisher and Wilkinson 2005). Here, the fact that caribou
avoided burnt patches is likely due to increased predation risk
due to low cover and a lack of forage in terms of low lichen
abundance (Joly et al. 2010), while moose are attracted to
the burnt areas due to increased forage availability (Davis and
Franzmann 1979). In a more recent review, Volkmann et al.
(2020) highlight that most North American studies have
focussed on ungulate and large-carnivore responses to past
fires. They stressed a large knowledge gap for responses of
medium-sized to small mammal species to forest fires, as well
as for the impact of fires on species interactions (Fisher and
Wilkinson 2005, Volkmann et al. 2020). Furthermore, we
need to carefully consider habitat preferences of species, as
well as the spatial scale of fires compared to species’ home
ranges, when evaluating the responses of wildlife communi-
ties to fire (Ménsson et al. 2007).

In this study, we examined the difference in habitat utiliza-
tion of wildlife assemblages, as measured with camera traps,
between paired burnt and unburnt control sites in three areas
in northern Sweden twelve years after wildfires occurred.
Based on North American studies, we predicted that 10-15
years after a fire, forage availability for herbivores foraging
on dwarf shrubs and young trees would be high relative to
unburnt sites, leading to increased utilization of burnt sites
by these herbivores, such as moose and roe deer Capreolus
capreolus (den Herder et al. 2009, Zwolak 2009, Brown et al.
2018, Fredriksson et al. 2023). In contrast, lichen forage
generally decreases after fire for a prolonged period of time
(up to 58 years after burning, Joly et al. 2010), hence we
predicted semi-domesticated reindeer Rangifer tarandus to
instead utilize such burnt sites less than control sites. The uti-
lization of forest sites by small mammalian herbivores, such
as hares, is often higher in areas with a well-developed field
layer found in later successional stages after fire (Fisher and
Wilkinson 2005, Hutchen and Hodges 2019, Olson et al.
2023). Hence, we predicted utilization by hares to be higher
in burnt sites compared to control sites. Finally, the increased
presence of larger- and smaller-sized herbivores in burnt sites
might attract carnivores as secondary consumers (Fisher and
Wilkinson 2005, Olson et al. 2023), although smaller spe-
cies such as the pine marten Martes martes might avoid burnt
areas where canopy cover is missing (Volkmann and Hodges
2022). We thus predicted higher utilization of the burnt sites
by carnivores in general, but lower use by pine marten.

Material and methods

Study area

Three large (> 300 ha) wildfires took place during the sum-
mer of 2006 in Norrbotten, northern Sweden. The areas are
located on the south slope next to the Lule river in Muddus
National Park (66°46’02.6"N, 20°09'36.4"E), 18 km north
of the village of Lainio (67°54'26.7"N, 22°10'13.0"E) and
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on the elevated Klusiberget in Bodtriskfors (66°09'01.6"N,
20°49'43.0"E, Fig. 1). Due to the rareness of large natural
wildfires in Fennoscandia since the implementation of effec-
tive fire suppression, these areas present a unique replicated
opportunity to study the effects of wildfires on Fennoscandian
wildlife communities. All three areas are characterized as
boreal forest. However, they differ in their tree species com-
position with Lainio being dominated by Norway spruce
Picea abies while the other two are dominated by Scots pine
Pinus sylvestris. Bodtriskfors is the most heavily managed area
for timber production while Muddus and Lainio have semi-
natural forests. The three wildfires also differed in their char-
acteristics, where the wildfire in Bodtriskfors was a mixed

ground and crown fire, the wildfire in Muddus was a ground
fire, and the wildfire in Lainio a crown fire.

The study areas’ productivity is generally very low due to
their northern latitude, with Lainio and Muddus on the low-
est range with 2.3 and 2.5 m? forest growing per hectare per
year while Bodtridskfors at 3.1 m? was slightly higher (calcu-
lated using unpublished data from the study sites). In each
of the three study areas, we selected a control site of simi-
lar size and topography close to the burnt site (Fig. 1). Sites
ranged in size from 216 to 422 ha (mean: 292 ha). Neither
burnt nor control sites included stands that were harvested
for forestry (either pre- or post-burn) in Muddus and Lainio,
while the Bodtriskfors study area contained some patches
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Figure 1. Map showing the locations of the tree wildfire areas; Lainio (L), Bodtriskfors (B), and Muddus National Park (M) and the posi-
tions of the cameras denoted with black circles and crosses depending on placement type.
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where harvest occurred around the year 2000 in the direct
surroundings of the burnt site and on the western side of the
control site.

Data collection

In each of the six sites, we deployed twelve camera traps
(Reconyx Hyperfire HC 500) during June—September 2018
to quantify the utilization by wildlife. Because we were inter-
ested in the responses of both herbivores and carnivores, we
used two different camera-trap placement strategies, based
on previous studies that showed limited success of capturing
large carnivores on randomly placed cameras (Bubnicki et al.
2019, Hofmeester 2021). We generated random locations
within a shape-file (Fig. 1 for the burnt sites) delineating the
study site in QGIS (ver. 3.14.0; QGIS Development Team
2009) for six of the twelve camera traps per site (from hereon
referred to as random cameras). For the control sites, we
selected an area of the same size and with similar topography
directly next to the burnt site, within 2 km. The locations of
the other six, targeted, camera traps (from hereon referred
to as targeted cameras) were selected based on topographi-
cal maps of the study sites and patches that we expected
carnivores to visit. We selected locations along ridges in the
landscape characterized by a high terrain ruggedness index
as these are often selected for by the two main large carni-
vores present in northern Sweden, Eurasian lynx Lynx lynx
and wolverine Gulo gulo (Rauset et al. 2013). The average
minimum distance between camera traps was 327 m (+ 111
SD; range: 125-631 m).

In the field, we placed random cameras on the tree clos-
est to the randomly generated location (< 30 m, but mostly
within 10 m) with a good visibility (> 5 m without obstruc-
tions) towards the north to prevent issues due to direct sun-
light into the camera lens. For targeted cameras, we walked
along the ridge close to the selected location until we found a
wildlife trail or clear feature in the topography, which would
be channelling animal movement, at which we could aim the
camera. We placed all cameras at a height of 20-50 c¢m from
the base of the tree and angled them such that, at 3 m in front
of the camera, the middle of their view was at approximately
30 cm from the ground surface and parallel to the ground.
We did this to circumvent issues with steep or rocky terrain
blocking the field of view of the camera, while ensuring that
the cameras were placed low enough to capture small wild-
life species. To correct for differences in detectability between
species and camera locations, we placed distance markers at 2
m intervals and up to 18 m away from the camera in the cen-
tre of the camera view and had the camera take a picture of
these markers during camera installation (Hofmeester et al.
2017), after which we immediately removed the markers.
Cameras were set to take a series of ten images when trig-
gered by the passive-infrared sensor at the highest sensitivity
on ‘rapid-fire’ with no delay between triggers. We also set the
cameras to take a time-lapse image at noon to monitor cam-
era functioning. We installed the cameras in the field between
28 May and 7 June 2018 and collected them approximately
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three months later between 5 and 25 September 2018. We
thus monitored animal utilization during the peak of sum-
mer in this northern area. When collecting the cameras, we
measured the visibility in front of each camera by aiming a
laser range finder at camera height in three directions (—45,
0, and 45° from the middle of the camera view). We took
images of ourselves when deploying and picking up the cam-
eras, so we could use the first and last image taken by each
camera to calculate the number of days the camera had been
active. When a camera stopped working before we picked it
up (n=5), we used the time of the last (time-lapse) image as
the end of the deployment.

All camera trap images were classified using the Trapper
software — an open source camera-trap data management
platform (Bubnicki et al. 2016). Trapper automatically
grouped images into sequences when taken within 15 min
of each other. For each sequence, we identified the species,
and counted the number of individuals present in the images.
Where possible we used sex and age to separate individuals to
derive better counts. For example, when within one sequence
an adult female moose would walk through the frame fol-
lowed by several pictures of two moose calves, we would
count these as two observations of three animals. We thus
treated the combination of sequence, species, sex, and age
as independent observations that could include more than
one individual. If the animal or animals walked through the
middle of the camera view, we estimated the distance interval
at which they crossed the midline using the reference image
with distance markers. We only determined one distance per
observation, as the first distance at which any animal in that
observation crossed the midline. For the example above, that
would be one measurement for the female moose, and one
for the first of the two calves crossing the midline. For each
species and camera trap location, we summed the counts of
all observations. Out of the 72 camera traps, two were not
included in the analysis: one camera from the burnt site in
Muddus, which accidentally was deployed with the wrong
settings, and one camera from the burnt site in Bodtriskfors
site where the SD-card was filled up with images of moving
vegetation within two days.

Correcting for detectability

All study sites were smaller than the average home range of
most of the studied wildlife species, and burnt and control
sites were situated close enough to each other for individ-
ual animals to utilise both sites. We were thus interested in
comparing the 3rd order of habitat selection (sensu Johnson
1980), or within-habitat patch use, of the wildlife commu-
nity between burnt and control sites rather than potential
differences in density. This resulted in the need to correct for
potential detection biases of camera traps at the 4th order
(microsite) to 6th order (image) scale (sensu Hofmeester et al.
2019). We corrected for 4th and 6th order biases by our stan-
dardized camera-trap set-up with two placement strategies.
To correct for potential 5th order (camera trap-scale) biases
in our estimation of patch use, we estimated the effective
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detection distance (EDD) for each combination of species
and camera location (Hofmeester et al. 2017). We fitted a
hazard-rate detection probability function for point counts
to the frequency of measured distance intervals using the
‘mrds’ package (ver. 2.2.4; Laake et al. (2020). We used the
log10-transformed body mass of captured species as derived
from the EltonTraits database (Wilman et al. 2014) and the
average visibility measurement (from our range finders) per
camera as covariates. To accommodate for differences in body
insulation between taxa, we ran two separate models for birds
and mammals.

Differences in wildlife habitat between burnt and
control sites

The effects of wildfire on wildlife habitat, both in terms of
structural habitat and food availability for herbivores, likely
differ among sites at small spatial scales due to differences
in topography, fire severity, and other factors. Therefore, we
measured two habitat characteristics at each camera-trap
location that we could use to potentially explain differences
between burnt and control sites. We collected data on the
number of lying dead trees in a radius of 10 m around each
camera location, as a measure of structural cover for smaller
species and movement impediments for larger species. After
that, we counted the number of young broad-leaved and
Scots pine trees (< 80 cm) in a radius of 5 m around the
camera location, as a measure of food availability for herbi-
vores. We also included terrain ruggedness as a covariate in
our models as this was one of the topography features that
varied a lot between different camera locations, partially
because we used it to select our targeted camera-trap loca-
tions. Moreover, ruggedness affects landscape use of many
wildlife species (Rauset et al. 2013, Angoh et al. 2023).

Statistics

To test for differences in community assemblage as well as
utilization of the different species between the burnt and
control sites, we used a multivariate generalized linear model
(multivariate GLM) with a negative binomial error distribu-
tion (Warton et al. 2012) as implemented in the ‘mvabund’
package (ver. 4.0.1; Wang et al. 2012). Multivariate GLMs
were developed specifically for multivariate abundance data
and thus are a promising way of analysing visitation frequen-
cies of wildlife communities as measured with camera traps.
An added advantage is that we could obtain estimates for
both the whole community as well as univariate results for
each species. Another advantage is that the univariate results
for each individual species are automatically corrected for the
fact that you run many models on the same dataset, reducing
type I errors.

Because of a large number of zeroes and overdispersion
in the data, we compared the fit of models using a nega-
tive binomial and Poisson error distribution and log link
function using residual plots that showed a better fit for the
negative binomial model. We ran two different models on

the number of observations per species and camera loca-
tion. First, we ran a model where we added treatment (burnt
versus control sites) and study area plus their interaction to
the models to test for differences between burnt and control
sites while accounting for the sampling strategy of multiple
cameras per study area. This model also included placement
type (targeted versus random) as a variable. Second, we
ran a model with the three habitat variables as covariates:
the logarithm of the number of dead trees, the logarithm
of the number of young trees, and the terrain-ruggedness
index value. Both models included the natural logarithm of
the number of days the camera was active multiplied by the
effective detection distance as an offset to correct for dif-
ferences in sampling effort among locations and species.
This second model did not include treatment, study area,
or placement as variables, as these were correlated with the
three habitat covariates (as tested with a generalized linear
model with negative binomial distribution and log link for
the count data and a linear model for the terrain ruggedness
index).

We calculated adjusted p-values for each of the included
parameters using residual permutation resampling as imple-
mented in the ‘mvabund’ package. Apart from an overall
assemblage analysis, we also were interested in the responses
of individual species, so we performed a univariate anal-
ysis for all of the species using the anova function on the
results from the multivariate GLM. Here, we also calculated
adjusted p-values using residual permutation resampling. We
interpret p-values as a continuous variable, where statistical
significance does not strictly shift from significant to insig-
nificant at the 0.05 p-value threshold (following Muff et al.
2022). Instead, we use the ‘language of evidence’ approach
suggested by Muff et al. 2022, where one interprets find-
ings with a p-value < 0.1 and refers to findings with p-values
closer to 0 as presenting stronger evidence for a pattern versus
findings with p-values closer to 0.1 presenting weak evidence
for a pattern.

Results

On average, the cameras were active for 99 days (+ 16 SD),
resulting in a total effort of 6924 camera trapping days. In
total, we observed 27 mammal and bird species, 17 of which
were found at both control and burnt sites. The species that
were found at most camera trap locations were: western
capercaillie Zetrao urogallus (112 observations at 38 out of
72 locations), moose (96 observations at 33 locations) and
semi-domesticated reindeer (388 observations at 30 loca-
tions) (Table 1). Six species, common raven Corvus corax,
European pied flycatcher Ficedula hypoleuca, hooded crow C.
cornix, northern wheatear Oenanthe oenantbe, stoat Mustela
erminea, and yellow-necked mouse Apodemus flavicollis, were
only detected in the burnc sites; while four species, bank vole
Clethrionomys glareolus, brambling Fringilla montifringilla,
European pine marten Martes martes, and roe deer, were only
detected in the control sites (Table 1).

Page 5 of 12

85US017 SUOLIWIOD A ERID) 8 [qeajdde 2y Ag peuenob a1 SN YO ‘38N JOS3INI 10} AR 1T BUIIUO AB]IM UO (SUORIPUOD-PUR-SWLRILIOD" A3 ARRIq 1pU1IUO//SANY) SUORIPUOD Pue SW L 3Ly 885 *[5202/L0/0T] uo AriqITaulluO A8|IM ‘SeoUBRS BIMINOLBY JO AISPAIUN USIPOMS AQ 962T0€TIMZ00T OT/I0p/w0d 4] 1mAzeiq1jeu!|u0S [euIno[osu//Sdny wo.y pepeoumoq ‘€ ‘S2Z *X0Zze06T



1903220x, 2025, 3, Downloaded from https://nsojournals.onlinelibrary.wiley.com/doi/10.1002/wlb3.01296 by Swedish University Of Agricultural Sciences, Wiley Online Library on [10/07/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

LL 4 LL e 4 4 4 9¢ suo1ed0| desj-eJoweDd Jo JaquinN

|[ewiwey AIOAIUWQO (1)1 0 0 (1)L 0 0 0 0 SijjodIAe[) msEm\uoS\ 9SNOW PI3I3U-MO|[9A
paid QI0AIQIaH 8 1L (0 ¢ (@ ¢ () ¥ve 9 ve (1) 91 (6) 8% (92) 88 snjjesoin oesay alj[1edsaded uIRSaAN
|ewwey lOAIUIRD) (e 0 0 (1) ¢ 0 0 0 0 BOUIWID B[2)SN )N 1RO)S
paid QIOAIUWO (€ v (9) £ (©6 (11) ot () ol (€) ¢ (¥) 8 (L) €¢ sopawoiyd snpinjy ysniyy Suos
paid QIOAIUWO (11 0 0 (11 (@ € () ¥ (@ ¢ (£) 6 snisnejuy snaJostiag Ael uenaqis
|ewwey QIOAIQI9H 0 0 0 0 (1)L 0 (1)1 (0t m:\okamu m:\omngU 193p 20y
[ewwey 9I0AIQIaH (€9 (6) TL (v (1) 18 (@8 (T oge (11 (G1) LO€ snpueJe; 19jI3uey 199pUIDY
paid IOAIUWO (1 (€)8 (©v (€L 0 (€) ¥ 0 (©) ¥ snoelj snpany 3uimpay
[euwlwey 9I0AIUIRD) 0 (9)8 Q¢ (Lol 0 (V) £ 0 (V) £ sadjna sadjnp xoy pay
pig 9J10AI)D9sU| 0 0 (1) z (1z 0 0 0 0 AYIUBUSO 3YjueUI() Jedjeaym UIBYLION
[ewiwey 9I0AIQIoH (9) 9T (0 € Q@ vl (L) €v (€€ (€) £ (€9l (6) 9T snpjwig snda7 1y ureIUNOW
[ewiwey 9I0AIQIaH (96 8 1€ (@ 1c (1) 19 (€8 (8) 0T (L) oL 8l s¢ $9J[B $90[y 9SOOW
paid QIOAIUWO (@ €L (9) 1L (€€ (01) 8¢ (€9 0 (0) € (9) 8 SNIOAIDSIA snp.INnj Ysniyl aisiy
paig 910AIRDBSU (L 0 0 (L 0 (1 0 (1 sisuoresd snyjuy ndid mopeapy
pug dJoAluIRD) 0 (4 0 (1) ¢ 0 0 0 0 XIUI0D SNAI0D) MOID PIPOOH

paid 9I0AIQIoH (0 0 0 @+ 0 0 (€ ol (€) ol BISBUOq $9)sBJ19] 9SNOI3 [9ZeH
paid 910AIOLsU| (1 (1) €¢ (€€ (1) Lt 0 (€ ¥ (¢ (99 suepd snpiny areyplaiy
[ewweI dIOAIUWQO 0 0 0 0 €) v €) 11 9) g1 (¢1) €€ soyew sayey uspew auild ueadoiny
piig 9J0AI}DASU| (1 0 0 ()1 0 0 0 0 eonajodAy einpadiy 1ayoledA|s paid ueadoing
[ewwepy 2I0AIUWO 0 0 (¢ (¢ 0 0 (1 (1 safauw sajajy 1adpeq ueadoiny
[ewtuey QI0AIGIaH (0 ¢ 0 0 (@ ¢ (i 0 (€11l (¥) Tl siesnA snunidg [a1inbs pai ueiseiny
[eWWEWY 2I0AIUIRD ¢ 0 (1 ©e (@¢ 0 0 @c XUA| XuAT xuA| ueiseiny
pug dJoAluIRD) 0 (¢ 0 (1) ¢ 0 0 0 0 XBJ0D SNAJOT) UdABI UOWIWOD)
[ewweiy QIOAIUWO 0 (@9 @ v ¥ oL (i @c 0 (€) € $OJDJe SNsif] 1eaq umoug
paig SI0AIUWQO 0 0 0 0 (L 0 0 (1 gji8uLynuow ejjisury Suijquesg
paid QI0AIQIaH (11 0 (@ ¢ (©) € 0 (1 (@¢ (€) € X321 sniniA7 asnoid xoe|g
[eWIWeN dIoAIUWQO 0 0 0 0 ()1 0 0 (1 snjoaJe[3 sAWouoLIy19]) 9OA yuegq
dno.8 adA) uipasy W 1 q [elo| W 1 q |eloL aweu sa1dadg

dlwouoxe| /19n9) a1ydoup
syel| uing |jouo)

"(#102) "|e 39 UBWI[IAA UO paseq a1am sadA) Buipaad "snppniy =, ‘Olute]=], ‘SIOp|Sepog =g, :Seale JuaalIp 921y} 9y} SUOWE Se [[om Se Sa}IS JuIng pue
]IS [0JJUOD JUINGUN USIMIIQ PIPIAIP $3103dS [|B J0J (S19XD8Iq UIYIIM) UOIBAIDSPO PALLIIJUOD SUO JO WNWIUIW © YIM Suoijedo| des) eiawed pue SUOIBAIISCO JO Jaquinu Y] *| d|qe]

Page 6 of 12



Table 2. Univariate results from a multivariate GLM on utilization of
species with more than 10 cameras where the species was detected
for a model including the experimental set-up as covariates. p-val-
ues < 0.05 are shown in bold type, and p-values < 0.10 in italic
type. None of the less frequent species displayed p-values lower
than 0.05 in the univariate results (not shown).

Species names Explanatory variables  Deviance p-value
European pine Study area 2.0 1.00
marten Treatment 18.6 0.001
Treatment x Study area 2.4 0.87
Placement 0 1.00
Fieldfare Study area 20.6 0.002
Treatment 9.3 0.07
Treatment x Study area 7.7 0.11
Placement 1.5 0.90
Mistle thrush Study area 1.8 1.00
Treatment 4.3 0.52
Treatment x Study area 0.30 0.99
Placement 4.5 0.61
Moose Study area 5.8 0.67
Treatment 2.6 0.77
Treatment x Study area 0.89 0.98
Placement 0.13 0.97
Mountain hare Study area 2.9 1.00
Treatment 0.46 0.99
Treatment x Study area 2.2 0.87
Placement 4.7 0.61
Reindeer Study area 17.6 0.005
Treatment 0.49 0.99
Treatment x Study area 0.27 0.99
Placement 2.7 0.69
Red fox Study area 54.6 0.001
Treatment 3.9 0.60
Treatment x Study area 3.3 0.75
Placement 9.7 0.11
Song thrush Study area 0.46 1.00
Treatment 0 1.00
Treatment x Study area 1.5 0.94
Placement 1.4 0.90
Western Study area 3.9 0.90
capercaillie Treatment 10.7 0.03
Treatment x Study area 0.91 0.98
Placement 9.9 0.11

We found strong evidence for differences in the wildlife
assemblages (based on the multivariate GLM) of control and
burnt sites (deviance (dev)=77.1, p=0.001), as well as dif-
ferences among study areas (dev=166.5, p=0.001). The dif-
ferences between control and burnt sites were not the same
at all study areas (interaction term: dev=63.5, p=0.001).
Furthermore, there was a clear difference in the number of
observations between targeted and random camera trap loca-
tions (dev=45.3, p=0.003). As these differences were mul-
tidimensional, we used univariate analyses per species to see
what patterns caused these community-level differences.

At a species level, we found moderate to strong evidence
that western capercaillie and European pine marten utilized
the control sites more than the burnt sites, while fieldfare
Turdus pilaris utilized the burnt sites more than the control
(Table 2, Fig. 2). Furthermore, reindeer, fieldfare, and red fox
showed differences in utilization among the three study areas

with Lainio being the area with highest utilization (Fig. 2).
None of the species showed a clear difference in number of
detections between targeted and random camera traps.

The number of lying dead trees around camera trap loca-
tions was higher in burnt than in control sites (§=0.53,
p=0.003). It also differed among study areas, with the
largest numbers in Burtriskfors and the lowest numbers in
Muddus (p=-0.60, p=0.008). Similarly, the number of
young trees around camera trap locations was higher in burnt
sites compared to controls (=0.75, p=0.007), and higher
in Burtriskfors compared to Muddus (B=-0.83, p=0.02).
Terrain ruggedness index at camera trap locations was higher
at targeted cameras compared to random cameras (=—0.38,
p < 0.001), as expected. It was also lower in Lainio compared
to the other two areas (=-0.28, p=0.005).

We found strong evidence that utilization by wildlife
assemblages (based on the multivariate GLM) changed multi-
dimensionally with terrain ruggedness index (dev=75.0,
p=0.002) as well as weak evidence that the number of
lying dead trees influenced wildlife utilization (dev=48.3,
p=0.06). The univariate results did not show many associa-
tions of wildlife visitation frequency with the three habitat
covariates. We found moderate to weak evidence that visita-
tion frequency of moose and reindeer decreased with terrain
ruggedness index at the camera trap location (Table 3).

Discussion

Based on findings from North America, we expected the
presence or suppression of wildfires to have a large impact
on wildlife assemblages in boreal forests. However, we have
limited knowledge on how fire influences wildlife in the
heavily managed forests of Fennoscandia. Here, we present
the responses of wildlife assemblages in three areas in north-
ern Sweden to habitat changes a decade after wildfire. We
found a shift in habitat utilization by the wildlife assemblage
between burnt and control sites. The three study areas were
also different from each other, highlighting the importance
of local habitat conditions and spatial location in determin-
ing the habitat utilization of wildlife assemblages. Fieldfares
had higher visitation frequencies in the burnt wildfire sites
compared to the unburnt control sites. In contrast, we found
higher visitation frequencies of western capercaillie and
European pine marten in the control sites. This is in line with
studies on small mammals and birds, which showed that
habitat preferences of specific species drive their use of forest
habitats after a wildfire, where some species were attracted
to burnt patches while other species avoided these patches
(Ecke et al. 2019, Zmihorski et al. 2019). In contrast to our
expectations, we did not find increased utilization of burnt
sites by herbivores and carnivores, nor did we find avoidance
of burnt sites by reindeer.

None of our studied herbivore mammals showed a dif-
ference in utilization between treatments. Our observations
that reindeer did not avoid burnt sites was in contrast with
previous studies on caribou from North America (Fisher and
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Figure 2. Number of observations for the species with observations at more than ten different camera trap locations split between the treat-
ments where C=control and B=burnt. The y axis represents the number of observations without correction for the number of days that
the camera was active or differences in effective detection distance among cameras, which were included as offset in the statistical models.
Note the different scales on the y axis. The three different study areas are presented by different colours.

Wilkinson 2005, Joly et al. 2010). Reindeer is a lichen spe-
cialist and lichen cover can be negatively affected by fire and
take a long time to recover (Joly et al. 2010, Lafontaine et al.
2019). However, most of our reindeer observations were
from Lainio, where there was no ground fire but only a
crown fire with likely limited effects on ground lichen,
potentially explaining why we did not find a difference in
reindeer utilization between burnt and unburnt sites. Our
lack of response by moose to burnt areas contrasted with
studies from North America showing that moose had higher
abundance in sites at a similar successional stage after fire
(Davis and Franzmann 1979, Fisher and Wilkinson 2005).
Similarly, the lack of response by mountain hares is in
contrast with studies on snowshoe hare Lepus americanus
that generally have higher abundance a decade after fire
(Fisher and Wilkinson 2005, Hutchen and Hodges 2019,
Olson et al. 2023). The lack of response in these three her-
bivore species could potentially be a result of the relatively
small size of our burnt and unburnt sites. This limits the
possibility for a functional response in the smaller species
(hares) and could cause the larger species to utilize the non-
preferred site (unburnt for moose, burnt for reindeer) for
a function other than foraging (e.g. thermal shelter) while
still having access to a foraging site nearby. Furthermore, the
different fire characteristics at the three sites (crown fire in
Lainio versus ground fires in the other sites) might explain a
lack of consistent patterns across sites.

We found that the burnt sites contained higher num-
bers of young trees, which are an important forage resource
for mountain hares (Pulliainen and Tunkkari 1987) and
moose (Milligan and Koricheva 2013, Felton et al. 2020)
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in Fennoscandia. However, we did not find any associations
between the number of young trees at a camera trap loca-
tion and the utilization of that location by herbivores. Deer
and hares have been found to use unburnt reference areas
in North America, but shifted to the post-burnt sites when
the understory vegetation regenerated enough to provide for-
age and cover from predators (Cave et al. 2021). The lack
of a distinct difference in moose utilization stands out when
comparing our findings to those of Fredriksson et al. (2023).
While they observed higher utilization (in terms of pellet
counts) in the same study areas during winter to be higher
in the burnt areas, our study highlights these local seasonal
differences in utilization. This indicates that the additional
forage in the burnt sites might be more important for verte-
brate herbivores in times of food scarcity (winter) compared
to when food is abundant all over the landscape (summer).
These findings highlight the importance of temporal aspects
when it comes to wildlife responses to wildfire.

In contrast to our expectation, we did not find differences
in utilization between burnt and control sites for most carni-
vores. The only exception was the pine marten, which we did
not observe at all in burnt sites. One explanation for this is
that we also did not find any large differences for most prey
species. Our finding that pine martens seemingly avoided
burnt sites is in line with studies in North America (Fisher
and Wilkinson 2005) where American marten M. americana
and Pacific marten M. caurina only rarely used burnt sites
during the establishing phase, likely as a result of lack of prey
and cover from aerial predators (Paragi et al. 1996, Volkmann
and Hodges 2021, Volkmann and Hodges 2022). We did
not find any associations between habitat characteristics and
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Table 3. Univariate results from a multivariate GLM on utilization of
species with more than 10 cameras where the species was detected
for a model including habitat characteristics as covariates. p-values
< 0.05 are shown in bold type, and p-values < 0.10 in italic type.
None of the less frequent species displayed p-values lower than
0.05 in the univariate results (not shown).

Species names Explanatory variables  Deviance p-value
European pine Ruggedness 1.7 0.99
marten Lying dead wood 1.3 1.00
Number of young trees 0.31 1.00
Fieldfare Ruggedness 8.9 0.12
Lying dead wood 3.0 0.95
Number of young trees 1.3 1.00
Mistle thrush Ruggedness 0.19 1.00
Lying dead wood 0.26 1.00
Number of young trees 0.88 1.00
Moose Ruggedness 10.1 0.08
Lying dead wood 0.12 1.00
Number of young trees 1.9 1.00
Mountain hare ~ Ruggedness 1.3 0.99
Lying dead wood 0.091 1.00
Number of young trees 0.079 1.00
Red fox Ruggedness 5.8 0.45
Lying dead wood 3.2 0.93
Number of young trees 1.2 1.00
Reindeer Ruggedness 12.3 0.02
Lying dead wood 0.029 1.00
Number of young trees 0.051 1.00
Song thrush Ruggedness 0.94 1.00
Lying dead wood 0.45 1.00
Number of young trees 0.77 1.00
Western Ruggedness 0.16 1.00
capercaillie Lying dead wood 2.6 0.97
Number of young trees 1.3 1.00

carnivore utilization of camera trap sites, despite the expecta-
tion that several of the observed carnivores would likely select
a location with a high terrain ruggedness index (Rauset et al.
2013, Angoh et al. 2023). A larger effort, e.g. by leaving the
cameras in the field for multiple seasons or even years, might
help to uncover patterns for species that showed less strong
responses. Such studies would be needed to test for a related
response of carnivores and their prey to past forest fires.

Fieldfares showed a higher utilization of the burnt sites
over the control sites, while western capercaillie showed the
opposite pattern. This is in line with previous studies show-
ing that some bird species showed a preference for burnt
sites after wildfire while others avoided these (Edenius 2011,
Versluijs et al. 2017, Zmihorski et al. 2019). In a study three
years after the wildfire, surveying birds in the same burnt
sites in Muddus and Lainio, Edenius (2011) observed that
ground-feeding insectivores (such as thrushes) were common
in burnt sites. Previous studies in Fennoscandia showed that
western capercaillie preferentially selected older forest (> 90
years; Swenson and Angelstam 1993), which would explain
the higher utilization of control sites. None of the observed
bird species showed associations with the measured habi-
tat characteristics. Most bird species that we observed were
observed only a few times, making inference about their hab-
itat utilization difficult.

Despite our relatively high camera-trapping effort in terms
of density and number of cameras, we still obtained relatively
few observations for several of the species in our study. This
was likely due to overall low abundance of these species in
our system, resulting in low statistical power for those spe-
cies. This was especially true for most carnivore species in this
study, likely due to the fact that they occur at very low density
in these landscapes, making it difficult to detect patterns in
utilization among sites. This is an issue inherent to studies in
low-density systems such as the boreal forest. Increased sam-
pling effort, in the form of an extended study period, might
help to increase the number of observations needed to disen-
tangle utilization patterns of rarer wildlife species. This would
inherently also mean that such a study would need to include
multiple seasons or years, allowing for the study of seasonal
differences in utilization of burnt sites by the different spe-
cies. Furthermore, although ground-foraging birds are cap-
tured by camera traps, there might be many bird species that
do not spend a large amount of time on the ground that we
have missed. Due to their vocal activity, birds can be surveyed
using passive acoustic monitoring (Ross et al. 2023), which
might result in a higher statistical power to show differences
in species utilization between burnt and control sites, for
especially songbirds. Thus, a combination of methods might
help in getting a better understanding of how the terrestrial
vertebrate community responds to past wildfire.

Wildfire has been an important factor shaping the boreal
forest in Fennoscandia and has impacts on the heterogeneity
of whole landscapes. However, one could argue that impor-
tant foraging habitat (initiation and establishment phase for-
est) for species such as mountain hare and moose is already
provided by the Swedish forestry model (with extensive
clearcutting), making burnt sites less important for these her-
bivores in the Swedish context. This would mean that burnt
sites in this landscape do not necessarily add as much het-
erogeneity for wildlife in terms of early successional stages
compared to other less managed boreal forests. Although
wildfire and forestry affect forest composition differently, e.g.
by promoting different species to regenerate after disturbance
(Bouchard and Pothier 2011), we argue that these differ-
ences are relatively minor compared to the provisioning of
otherwise absent young successional forest at the landscape
scale. However, other habitat structures created by wildfire,
for example lying deadwood that could provide cover for
smaller wildlife species, could still be an important contri-
bution of wildfire to habitat that would otherwise not exist.
Furthermore, the difference in responses we found compared
to the North American context might also be explained by
the differences in scale of wildfire and forestry between con-
tinents, with large fires and forestry blocks in North America
versus smaller-scale fires and forestry blocks in Fennoscandia
(Burton et al. 2008, Rolstad et al. 2017). A landscape-level
study focused on the site utilization of wildfire sites relative to
early successional forest created by forestry, as well as mature
forest, would help elucidate these potential differences. The
decadal response of our study areas also needs to be consid-
ered in the context of their high latitude (above 66°N) in
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combination with their relatively low productivity where the
succession is slower compared to warmer and higher pro-
ductivity sites. Three replicates of large wildfires in northern
Sweden provided a unique opportunity to study the effects
of wildfire on an assemblage of boreal wildlife after a decade
and complement the growing knowledge from other ecosys-
tems and continents. In an already heavily managed and dis-
turbed landscape such as Fennoscandia our results show that
the wildfire sites were avoided by some species, while one of
the studied species utilized the wildfire sites to a larger degree
compared to control sites. This suggest that heterogeneous
landscapes, where old forests coexist with early successional
habitats created by wildfire or forestry, are of utmost impor-
tance for wildlife inhabiting boreal ecosystems.
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