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The raccoon dogs also were present at every study 
wetland, while badgers were not found at all sites. 
The red fox showed more diurnal activity compared 
to raccoon dogs and badgers. Camera trap distance 
sampling enabled us to provide a density estimates on 
a rather small spatial and temporal scale for species of 
similar size and movement speed. It could therefore 
prove valuable as a long-term monitoring option, as 
climate trends are likely to further enable raccoon dog 
expansion. Currently this invasive species appears to 
be the most common mesopredator around wetlands 
in the southern boreal zone of southern Finland.

Keywords  Wetland conservation · Wildlife 
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Introduction

Estimating population density is a crucial instru-
ment in wildlife management, and at the basis of 
many management decisions (Santini et  al. 2022). 
It allows for insight and assessment of a population 
status and choosing for appropriate measures to sup-
port a healthy ecosystem. Based on such estimates, 
active measures may be taken to support, protect 
or supplement a struggling population. At the same 
time, it may also make the need for pest- or predator 
control measures apparent. This is especially impor-
tant in handling invasive species with the potential to 
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negatively affect or compete with local native species 
(Directorate-General for Environment 2022).

However, estimating density or abundance of a 
species may not be a straightforward task. Monitoring 
of mammalian mesopredators, for example, is com-
plicated due to nocturnal and secretive living habits 
of these species (Sadlier et al. 2004; Podgórski et al. 
2020). This is the case for the raccoon dog (Nyc-
tereutes procyonoides), which in large parts of the 
European Union is the most common invasive meso-
predator (Directorate-General for Environment 2022). 
Clear data on its density and abundanse is lacking, for 
example, in Finland, where raccoon dogs spread from 
the former Western Soviet Union where it was intro-
duced from its original range in East Asia. Since then, 
raccoon dogs have been called one of the most suc-
cessful alien carnivores introduced to Europe (Kau-
hala and Kowalczyk 2011).

Raccoon dogs are quick to adapt to new regions 
and individuals have previously been reported to have 
dispersed up to 300  km in a year. Coupled with a 
high reproductive rate, this gives them large potential 
to rapidly cover more area (Kauhala and Kowalczyk 
2011). In an IUCN assessment from 2016, the adult 
spring population in Finland was given as an expert 
evaluation (with no quantitative census available) at 
110,000–120,000 individuals (IUCN 2016). Climate 
change is also likely to further enable the spread of 
this species, as harsh winters are assumed to present 
a limiting factor to their habitable area (Melis et  al. 
2007). Raccoon dog is considered a harmful invasive 
species for many reasons (Kauhala and Kowalczyk 
2011). It is an important vector of rabies in Europe, 
transmitting also fox tapeworm, sarcoptic mange and 
trichinellosis (Kauhala and Kowalczyk 2011). It is 
also suspected of causing damage to populations of 
ground-nesting birds, among them game birds such 
as waterfowl and grouse (Holopainen et  al. 2021). 
This mainly refer to destruction of nests and clutches, 
potentially leading to or contributing to a decline in 
breeding success (Dahl and Åhlén 2019).

The density of predators is ultimately decisive in 
how much pressure is placed on native species in 
the area in question. It is hereby important to con-
sider not just the invader in isolation, but to investi-
gate its density in the context of the density of native 
species which inhabit the same niche or make use of 
overlapping food sources. Mesopredator species that 
are comparable to the raccoon dog in northern and 

central Europe are the red fox (Vulpes vulpes) and the 
European badger (Meles meles) (Jędrzejewska and 
Jędrzejewski 1998). While there may not necessarily 
be antagonistic interactions between these species, 
through interspecific competition the presence of the 
newcomer has potential to displace or suppress the 
native populations (Drygala et  al. 2013). Certainly, 
the invasive species add to the exploitation of com-
mon food sources. Knowledge of population trends 
and spatial distribution of the raccoon dog are rel-
evant for planning and inserting control measures or 
for reviewing their effectiveness. The assessments 
of raccoon dog population numbers have previously 
included surveys of hunting bag and roadkill num-
bers, or yearly game inquiries. However, the accuracy 
of such estimates largely depends on the collaboration 
and communication of several parties involved and 
may be prone to subjective bias (Balčiauskas et  al. 
2021). In particular, population estimates would be 
welcome in areas where invasive species are likely to 
cause harm for native species, such as areas surround-
ing wetlands in the case of the raccoon dog.

Recently, camera traps (CT) have proven to be 
an effective tool in wildlife monitoring (Waern and 
Glover-Kapfer 2019). Methods to retrieve reliable 
population estimates from camera trap data are con-
tinuously being created and improved (Santini et  al. 
2022). For example, camera trap distance sampling 
(CT-DS) is a methodology developed to create esti-
mates of density and/or abundance of species, without 
the need for individual recognition (CREEM 2022). 
This approach utilizes the distance of a recorded 
object to the observer during detection, to create a 
detection probability function (Thomas et  al. 2010). 
Based on this information, inferences on abundance 
and density may be made (Miller et al. 2019). In its 
basic form, distance sampling is conducted using line 
transect surveys, but an adjustment to point transect 
set-ups is possible, in which case the CT functions 
as an observer. In this study, we use CT-DS to: (1) 
infer density of the invasive raccoon dog in lake shore 
areas in southern Finland where ground-nesting birds 
have experienced strong population declines, and 
(2) compare its density to similar native mesopreda-
tors, the red fox and the European badger. We used 
data from 2 years. In one of the years (2021), we had 
performed an experiment on chemical camouflage 
and conditioned food aversion as tools to limit pre-
dation of mesopredators on waterfowl nests (Selonen 
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et  al. 2022b). We here check whether this treatment 
affected density of mesopredators in the study areas. 
In comparison, we have data from a year (2020) with-
out these treatments.

Material and methods

Study species

The invasive raccoon dog is an omnivorous canid 
mesopredator of approximately 50–65  cm head to 
body length and 7.5 kg body mass. They are monog-
amous and can produce litters of up to nine off-
spring each year, starting at the age of 1 year (Kau-
hala 1996). Their maximum life span in the wild is 
recorded at seven to 8 years. A study of their dietary 
composition based on morphological analysis of scats 
in Finland found a wide pallet ranging from voles and 
mice, birds and eggs to amphibians, invertebrates, 
and plants (Kauhala et al. 2006a).

The red fox weighs about 5–7 kg, with a head to 
body length of 50–90 cm. While also an opportunis-
tic omnivore, the red fox tends to be more predatory 
than the raccoon dog, feeding more frequently on 
birds and small mammals, such as voles and hares 
(Dell’Arte et al. 2007). Reproduction in red foxes also 
starts at the age of 1 year, when they produce litters 
of on average five offspring. The European badger 
stand at 30 cm shoulder height and 56–81 cm head to 
body length and typically weighing 9–12 kg. Badgers 
usually have their first cubs in their second or third 
winter. They tend to live in social groups or clans and 
their diet is largely made up of amphibians and inver-
tebrates, yet also includes birds and their eggs (Byrne 
et al. 2012).

Study area and data collection

Data was collected at 11 and 16 wetlands in southern 
Finland during the springs of 2020 and 2021, respec-
tively (Fig. 1). Seven study wetlands were included in 
both years while the rest were used only in 1 year. The 
nearest neighbour distance between the study wet-
lands was 14 ± 13 km (average ± SD, min 3 km, max 
50 km inter-site distance) and the size of the wetlands, 
measured as distance of shore, was 3.0 ± 1.7  km. 
These wetlands were listed by the Helmi-programme 
of Finnish Ministry of the Environment as important 

waterbird breeding areas in the country. The wildlife 
cameras were set in shore forests and at the edges of 
agricultural fields and forests surrounding the wet-
land (10–200 m from the shore edge; the size of the 
study area is this buffer area surrounding each wet-
land). The shore forests in these areas are dominated 
by managed coniferous and mixed forests, with Nor-
way spruce (Picea abies), scots pine (Pinus sylves-
tris), birches (Betula sp), aspen (Populus tremula), 
and alders (Alnus sp.) being the most abundant tree 
species. Agricultural areas covered about 30% of the 
landscape in the area. Human settlements are sparse 
in these areas, including mainly summer cottages. 
Wildlife cameras were not set close to human settle-
ments and they were always placed with a permission 
from the landowner.

A total of 134 and 150 camera traps (CT) were 
deployed for an average of 13 and 44  days between 
April and May in 2020 and 2021, respectively 
(175 CT in total across 20 wetlands, Supplement 
Table  S1). The longer deployment period in 2021 
was due to the experiment conducted that year. The 
CT set-up date varied across both years to ensure 
the survey began phenologically at the same time of 
spring in each wetland. To achieve this, the CT were 
set up a week or two earlier in the southwestern study 
wetlands, where spring arrives earlier compared to 

Fig. 1   Location (grey stars) of the study wetlands and an 
example of placing of wildlife cameras (134 and 150 cameras 
in 2020 and 2021, respectively; 3–20 per site) to study densi-
ties of raccoon dogs, badgers and red foxes around wetlands in 
southern Finland. Coordinates for the wetlands can be seen in 
Supplement Table S21
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the northeastern parts of the study area (Fig. 1). The 
CT were set up approximately 200–300 m apart from 
each other, with the aim to encircle the chosen loca-
tion. Depending on size of the area of waterbody, 
3–20 CT were in use per wetland and they were 
placed to small forest openings or to edges of forests 
and fields to ensure camera view. Observations were 
gathered mostly in video and partially in pictures. All 
pictures and videos were split up into predetermined 
snapshot moments of 1  s. We used marked sticks at 
known distances to estimate distance from camera 
(see below). Sometimes animals responded to these 
sticks and the time that the individual was doing this 
was removed from the data. For raccoon dogs and red 
foxes these cases were rare, but badgers in a few sites 
often reacted to marker sticks by sniffing them.

We included 2 years of data, to have reference for 
the year 2021, the year the experiment was conducted 
in the study wetlands. This experiment investigated 
chemical camouflage (CC) and conditioned food 
aversion (CFA) as tools to limit predation of meso-
predators on waterfowl nests (Selonen et  al. 2022b). 
The experimental design consisted of six wetlands 
that received CC, six that received CFA, and six that 
were left as untreated control wetlands (see Supple-
ment Table 3). Each treatment was applied to a spe-
cific wetland, and thus, all camera traps within that 
wetland were either CC, CFA or control in year 
2021. The first treatment or control visits to the wet-
lands were made a week after the camera traps were 
set up in the study sites. Both treatments and control 
involved five separate visits to each wetland, with 
5–7 days between visits (for more details, see Selonen 
et al. 2022b). In the CFA treatment, we added domes-
tic mallard or goose eggs containing 100 mg of thi-
ram to the study area. The thiram was injected into 
the eggs in the laboratory 1–2  days before taking 
them to the field. Thiram causes digestive discom-
fort (vomiting, nausea, and/or diarrhea) without other 
severe adverse health effects. The idea was that pred-
ators eating these eggs would learn to avoid eggs of 
the birds nesting in the wetland. In the CC treatment, 
we spread a mixture of selected waterfowl odour 
products in the areas (Selonen et  al. 2022b). The 
odour was placed on the ground every 10 m in four 
directions from each wildlife camera, up to 150  m 
from the camera. The goal here was that predators 
would become desensitized or confused by the abun-
dance of bird odour without a food reward and learn 

to associate the bird odours in the wetland as not indi-
cating food. We test the potential effect of these treat-
ments on the density estimates obtained in this study. 
This is done with a linear model (see below).

Distance sampling

Distance sampling method relaxes the assumption 
that all individuals within a survey plot are certainly 
detected. The underlying assumption is that the 
probability of detection of an object of interest will 
decrease the greater the distance from the observer 
becomes (Thomas et  al. 2010). In the case of CT, 
the observer is assumed to be stationary (point tran-
sect) and surveys a small area in front of the CT. 
Animals in this area are recorded at a set of prede-
termined snapshot moments, separated by the time 
interval t. This is done to ensure that the distribution 
of detections is not biased by animal movement (Pal 
et  al. 2021). Time interval t is chosen based on the 
movement speed of the species, and is here set at one 
second.

The radial distance of a passing animal to the 
camera trap functioning as an observer was esti-
mated in reference to markers placed in the field of 
view for each snapshot moment recorded. Markers 
were mostly wooden sticks highlighted with tape, 
or tape bound to a tree branch, marking 3, 6, 9, and 
12  m from the camera. Estimates of distance of the 
animal’s midpoint to the observer were rounded to 
the full meter. We counted individual animals sepa-
rately, although raccoon dogs and badgers sometimes 
move as a pair (male and female). Mostly we how-
ever observed solitary animals, perhaps due to timing 
of the study in spring when pair members are likely 
to move solitarily if one is at the den (Kauhala et al. 
1998).

The observer effort was computed for each camera 
based on the number of days the camera was opera-
tional. Not all cameras were functioning for the full 
duration. Effort was expressed in the number of sec-
onds. Three types of camera traps were in use: UOVi-
sion 595 and UOVision UM785 with a view angle 
of 52°, as well as UOVision Compact 4GLTE with a 
field of view of 64°.

Analysis followed the approach of Howe et  al. 
(2017) as detailed by Howe and Rexstad (2022). 
Briefly, a detection function is fitted to the dis-
tance data using the function ds in the R package 



2493Successful invasion: camera trap distance sampling reveals higher density for invasive raccoon…

1 3
Vol.: (0123456789)

distance (Miller et  al. 2019). The detection in 
CT may decline at large distances and be lowered 
very close to camera (Howe et al. 2017). After visual 
inspections of the distance data, we truncated data 
such that no observations below 1 m and above 12 m 
were used because detection was overall lowered 
above this limit in all species. The detection function 
describes the underlying relationship between the dis-
tance and the probability of detection. As the decline 
of detection with distance is unknown, the aim is to 
find a function that most parsimoniously describes 
this decline. There are several possible formulations 
for the detection function. Here we considered the 
uniform, half-normal and hazard-rate key function. 
Adjustments terms (cosine for uniform and half-nor-
mal and polynomial for hazard rate) were included to 
increase flexibility and achieve the best fit to the data 
(Laake et  al. 1996). We selected for each key func-
tion (uniform, half-normal, hazard rate) the most par-
simonious formulation in terms of adjustment using 
QAIC, but omit key functions with adjustments of 
such magnitude that detection declined non-monoton-
ically with distance. We then in a second step selected 
across the set of most parsimoneous key functions the 
one with lowest c-hat (Howe and Rexstad 2022). This 
procedure was followed to select the detection func-
tion for each of the three species for each of the two 
study years.

Density estimates

We used the above selected detection function to infer 
density using the dht2 function in the R package 
distance (Miller et al. 2019). Truncation distances 
were as described above. Animals may not be active, 
and hence available for detection, during the entire 
day. We used the time stamps of the camera detec-
tions to model the daily availability and its uncer-
tainty (standard error) for each species in each study 
year using the R package activity (Rowcliffe 
2022) and took both availability and its uncertainty 
into account for inferring density. We further took the 
restricted view of the camera (either 52 or 64 degrees, 
as described above) into account as the sample frac-
tion. The different study sites were modelled as sep-
arate geographical strata allowing to obtain study 
wetland specific density estimates as well as overall 
density across all study sites combined. The uncer-
tainty of the density estimate was computed using the 

design-based approach (method “P2” of Fewster et al. 
2009). 

Finally, we tested whether the above described 
treatments, chemical camouflage and conditioned 
food aversion, affected density estimates in 2021. We 
built a loglinear model (SAS, Glimmix 9.3) where the 
density estimates in 2021, were explained with two 
class variables, the treatment (CC = chemical camou-
flage, CFA = conditioned food aversion, and C = con-
trol) and mesopredator species (raccoon dog, red fox, 
and badger). Cases that CTs in the wetland did not 
produce observations of a species were included as 
zero density in the model. Unfortunately, the R pack-
age distance does not allow multiple strata and 
we could not model the treatment, along with the site, 
using that approach.

Results

Data description

Raccoon dogs were in both years detected in all study 
wetlands, red foxes in all but one wetland, while 
badgers remained undetected in several study wet-
lands (Table 1). The number of detections was much 
larger for raccoon dogs compared to the other spe-
cies (Table  1). However, there were also clear dif-
ferences in availability, as the red fox showed more 
diurnal activity and hence had a greater availability 

Table 1   For each species and year, the proportion of study 
wetlands (prop) where there was at least one detection is pro-
vided as a ratio, as well as the number of detections (n), and 
the estimated availability for detection with its standard error 
(SE)

The availability indicates which fraction of the entire day the 
species is active and hence available for detection. There were 
134 and 150 camera traps in 2020 and 2021, respectively. See 
Table  S1 for the number of camera traps and detections for 
each study wetland. Detections are counted for every second 
and the same individual hence contribute multiple detections

Species Year Prop n Availability SE

Badger 2020 9/11 382 0.196 0.0088
Red fox 2020 10/11 232 0.460 0.0520
Raccoon dog 2020 11/11 1332 0.285 0.0122
Badger 2021 11/16 2307 0.233 0.0143
Red fox 2021 16/16 2272 0.603 0.0417
Raccoon dog 2021 16/16 6174 0.311 0.0176
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for detection compared to badger and raccoon dog 
(Supplementary Fig. S1).

Detection function and density estimates

We selected the most parsimonious function to 
describe the decline in detection with distance from 
the CT for each species and year (Supplementary 
Table S2, Fig. S2). The inferred estimates of overall 
density were larger for raccoon dogs than for badgers 
and for red foxes in both years (Fig. 2; on average for 
2 years; raccoon dog: 3.7 ind./km2; red fox: 0.6 ind./
km2; badger: 1.2 ind./km2). For study wetlands where 
all the three species were detected together, the wet-
land-specific point estimates for density of the rac-
coon dog were higher than those for badger and red 
fox (Supplementary Table S3—2020: 8/8 sites; 2021: 
10/12 sites, sign tests: p < 0.001).

Densities seem overall higher in 2021 than 2020 
(Fig. 2), as there tended to be an increase in the densi-
ties of the year 2021 due to the treatments described 
in methods (estimates: control = −  1.1 ± 0.6, 
CC = 0.1 ± 0.6, CFA = 0: Fdf = 2.82,43, p = 0.07). 
The predicted density estimates from this model for 
the year 2021 were for raccoon dog 3.3 ind./km2, 
for badger 0.30 ind./km2, and for red fox 0.91 ind./
km2 (difference between species Fdf = 11.452,43, 
p = 0.0001; compare to year 2021 in Fig. 2).

Discussion

We used camera trap distance sampling (CT-DS) to 
infer densities of the invasive raccoon dog and two 
native mesopredators, the badger and the red fox, 
in wetland areas in southern Finland. We found that 
only raccoon dogs were detected in all wetlands stud-
ied, had an overall higher density than the other two 
species, and the highest local density in sites where 
all species co-occur. Our findings therefore provide 
quantitative underpinning for the assertion that the 
raccoon dog is a highly successful mesopredator. 
Given its high density and overall presence, the rac-
coon dog likely exerts competition over shared food 
resources with the native mesopredator species, the 
red fox and the badger, and creates additional pres-
sures for the prey populations.

Density estimates

Our overall estimates of raccoon dog densities 
(Fig. 2) were higher compared to previous estimates 
from the literature, where density estimates range 
between 0.8 and 2.2 ind./km2 in Finland (Kauhala 
et al. 2010). It is possible that raccoon dog density has 
increased in Finland since the study of Kauhala et al. 
(2010). However, these earlier estimates are based 
on extrapolation of home range sizes inferred on the 
basis of a limited number of animals over larger areas 
and not on direct density estimation of individuals. 
Furthermore, we here quantified densities in the sur-
roundings of wetlands or lakes, which present lim-
ited range of habitat types present in Finland and can 
have higher densities due to the wetland. While rac-
coon dogs can adjust to a wide range of conditions, 
Kauhala et al. (2010) found that the population den-
sity was highest with up to two ind./km2, when there 
was a small-scaled landscape mosaic of meadows and 
fields, small mixed forests, or gardens. The landscape 
near our CT ranged from field edges and pastures to 
wetlands, flood meadows, and forests. Those habitat 
types provide a variety of food resources, as well as 
undergrowth for shelter preferred by the raccoon dogs 
(Kauhala and Auttila 2010).

Overall the density estimates seemed to be higher 
in 2021 than 2020. The difference between study 
years was that in 2021 we conducted an experiment 
investigating chemical camouflage (CC) and condi-
tioned food aversion (CFA) within study wetlands 

Fig. 2   Density in individuals per km2 of the badger (in black), 
the raccoon dog (dark grey) and the red fox (light grey) with 
their 95% confidence interval (lines) for the two study years. 
See Table S3 for the overall density estimates plotted here, and 
note that estimates for 2021 may be overestimates (see main 
text and Table S3)
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(Selonen et  al. 2022b). While this treatment had 
only a marginally significant effect on mesopredator 
density, it suggested a trend towards increasing den-
sity. This suggests that, in studies using CC or CFA 
to limit predation, at least a short-term increase 
in predator activity might be expected. However, 
this is acceptable if the targeted prey remains pro-
tected. This was the case in Selonen et al. (2022b) 
as in particular CC effectively safeguarded artificial 
nests. Apparently, the predators became desensi-
tized to odour cues leading to nests (Selonen et al. 
2022b). Nevertheless, the reliable density esti-
mates for the study species may be closer to those 
of year 2020 than 2021 in our study. Another dif-
ference between the years was that the study period 
was notably shorter in 2020 (13  days) than 2021 
(44  days). This does not affect the density estima-
tion if the detection probability does not change 
in time, but there might be some changes. Particu-
larly red foxes are quite wary and if they detected 
the camera, they may have in the beginning of the 
camera trapping period avoided approaching it. This 
may have decreased the density estimate for red 
foxes in 2020 when the CT period was short.

We were able to create density estimates for all 
three species of interest with distance sampling on a 
rather small spatial and temporal scale. In compari-
son to other methods for creating density estimates 
without individual recognition, like Random Encoun-
ter Model (Jones et al. 2015), distance sampling does 
not require estimates of animal’s movement speed or 
angle to the camera, which can be difficult to accu-
rately assess. The caveat of the distance sampling, 
like other CT-based density estimates, is that the 
placement of CTs in the landscape is rarely entirely 
random. This leads to estimates skewed towards 
habitats where the CTs are located, in our case, shore 
forests of wetlands. However, in scenarios where 
monitoring predator populations is crucial, distance 
sampling offers a valuable tool. It provides a quick 
framework for long-term monitoring of population 
trends, requiring relatively low effort and mainte-
nance. Once a camera trap set-up is established, the 
data-collection can be periodically re-run with little 
additional effort. The continuous expansion of this 
methodology and the potential development of the 
raccoon dog’s dynamics in the community of native 
mesopredators in the coming years would make this 
an intriguing long-term monitoring project.

Comparison to native species

Raccoon dogs were found to have the highest density 
of the three mesopredators, not only in the overall 
estimates of all detections combined, but also in all 
except two study locations. It is notable that these two 
study locations were within a wolf territory, a factor 
that has been earlier found to decrease raccoon dog 
observations more than those of red foxes and badg-
ers (Selonen et al. 2022a). Unfortunately, wolf occur-
rence was too scarce in the current data to be included 
in the analysis. Nevertheless, our results clearly dem-
onstrate that the invasive mesopredator has success-
fully reached a population density higher than that 
of native mesopredators in southern Finnish lake-
shore areas and habitats surrounding wetlands. The 
same was found to be the case in Poland in Bialow-
ieza, where the raccoon dog is observed to be more 
common than native mesopredators with reported 
densities of 0.7 ind./km2 for raccoon dogs, 0.2–0.5 
ind./km2 for red foxes and 0.2 ind./km2 for badgers 
(Jędrzejewska and Jędrzejewski 1998; Kowalczyk 
et  al. 2003). Instead, Goszczyński (1999) reported 
similar spring densities in North Eastern Poland for 
red foxes (0.27 ind./km2), badgers (0.36 ind./km2) and 
raccoon dogs (0.37 ind./km2). These estimates are, 
however, based on methods such as track censuses, 
den site surveys and extrapolation of home range 
sizes.

Red foxes reached lower overall estimate than 
badgers (Fig.  2). However, the density of badgers 
appeared more variable than that of other study spe-
cies, as badger detections were grouped at few loca-
tions, and several had no sighting at all. Despite this, 
forests near wetlands may be more favored habitat 
for badgers than for red foxes in Finland, as badg-
ers prefer spruce forests with rich soil type (Kauhala 
and Kowalczky 2012). In contrast, a study investigat-
ing space use and interaction between red foxes and 
raccoon dogs in agricultural landscapes of northeast 
Germany concluded that red foxes displayed little 
preference or otherwise avoidance of specific types 
of habitats (Drygala and Zoller 2013). Previous esti-
mates of red fox density in Finland based on home 
range size and snow track counts amounted to 0.35 
and 0.44 ind./km2 (Kauhala et  al. 2006b), which is 
only slightly lower to the overall density of 0.6 ind./
km2 (average for 2 years) found via distance sam-
pling in the current study. However, comparing these 
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values is complicated by differences in methods, loca-
tions and possible population trends in time.

The badger densities in Finland do not appear to 
have declined during the time that raccoon dog has 
invaded the country (Kauhala 1995). Instead, it has 
been hypothesized that clear felling of forests as a fre-
quent form of forest management in Finland benefits 
the raccoon dog while negatively impacting the native 
badger (Kauhala and Kowalczyk 2011). The presence 
of badgers may even be a contributing factor to the 
raccoon dog density. Raccoon dogs, like red foxes, 
use dens made by badgers to hibernate and raise their 
young (Kowalczyk et al. 2008). It is hypothesized that 
use of badger dens as a refuge from cold temperatures 
enlarges the realized niche and aids the spread of rac-
coon dogs (Kowalczyk et  al. 2008), but in Finland 
this likely is not the case because raccoon dogs have 
spread much further north than badgers.

Introducing a new predator to an environment 
increases predation pressure, posing an additional 
threat to prey populations. Our results suggest that the 
invasive raccoon dog may have a greater impact on 
prey species in wetland habitats compared to native 
mesopredators due to their higher densities. Many 
wetland-associated bird species show declining trends 
(McMahon et  al. 2020; Pöysä and Linkola 2021). 
The role of raccoon dog in possible declines of these 
avian species is debated (Kauhala and Kowalczyk 
2011), but clearly the threat in the form of nest preda-
tion does exist (Dahl and Åhlén 2019). In addition to 
wetland birds, amphibians are also vulnerable to rac-
coon dog predation, as frogs have a major role in their 
spring diet (Kauhala and Kowalczyk 2011). Thus, 
the high densities of raccoon dogs do raise concerns 
related to wetland conservation.

Conclusion

Based on the methodology of camera trap distance 
sampling, in our data the invasive raccoon dog 
reached higher densities than the ecologically compa-
rable native mesopredators, the red fox and the Euro-
pean badger. This indicates that this invasive canid 
has since its introduction surpassed the abundance 
of both native mesopredators in lakeshore regions 
of southern Finland. Thus, in areas close to impor-
tant breeding areas of many declining waterbird spe-
cies the invasive species could currently be a bigger 

threat to nesting waterfowl than the two native meso-
predators. Further studies on the foraging and preda-
tory behaviors of these species would however give 
a more accurate picture of the pressures they pose to 
the prey populations.
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