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Abstract: Multiple biological invasions lead to the emergence of novel associations between non-native 
species in their secondary range. Such interactions often result in mutual facilitation for both species and 
can promote the further spread of non-native organisms.
We assessed the role of an invasive mammal in shaping the dispersal dynamics of an invasive tree within a 
primeval temperate forest landscape.
We used an example of raccoon dog (Nyctereutes procyonoides Gray) and cherry plum Prunus cerasifera Ehrh. 
in the Białowieża Forest (NE Poland). Using camera traps, we investigated animals feeding on cherry plum 
fruits offered in 15 study plots.
The mean time raccoon dogs spent in plots was approximately 13-fold greater than that recorded for native 
mammal species, particularly in invasion and double-control plots. The probability of raccoon dog presence 
increased over time in control but remained stable in invaded and double-control plots. Fruit removal in-
creased with raccoon dog visitation time and was relatively similarly high across all three treatments.
Even in well-preserved landscapes with almost intact native mammal community, two invasive species can 
quickly develop novel associations, in <60 years of coexistence. This process may lead to a more effective 
spread of cherry plum, which recently entered the best preserved part of the Białowieża Forest. Our study 
is the first evidence that these interactions can also develop in landscapes isolated from high human impact. 
Therefore, the next introductions of new, non-native species, can result in unpredictable effects, accelerat-
ing each other spread and increasing their impacts on native ecosystems’ functioning.
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Introduction
The introduction of species in new range and their 

subsequent colonisation of new areas has continued 
to increase in this century (Pyšek et al., 2020). The 
process of successive invasion is linked to a number 
of factors, including life history of invasive species, 
ecosystem types or disturbances, propagule pressure, 
and synergistic effects among non-natives (Simber-
loff & Von Holle, 1999; Tedeschi et al., 2025). These 
reinforcing interactions refer to processes where the 
establishment or activity of one non-native species 
facilitates the spread, persistence, or ecological suc-
cess of others (Daly et al., 2023). They result in nov-
el invasion-driven feedbacks that may exert complex 
and far-reaching impacts on ecosystem functioning 
(Aizen & Torres, 2024; Tedeschi et al., 2025). One 
key pathway through which invasive species can rein-
force each other is the beneficial facilitation between 
fleshy-fruited invasive plant species and invasive 
frugivores (Vergara-Tabares et al., 2015). Numerous 
invasive trees and shrubs produce abundant, en-
ergetically rich fruits that are readily consumed by 
generalist animals, including non-native birds and 
mammals, which may act as effective seed dispers-
ers through endozoochory (Bobadilla et al., 2023). 
These reciprocal relationships not only facilitate the 
persistence and spread of non-native plants but also 
enhance the population density and migration abili-
ties of frugivore invaders, thus increasing their inva-
siveness (Tedeschi et al., 2022; Traveset & Richard-
son, 2014).

Although more than 66% of the most widespread 
invasive woody plants worldwide have fleshy fruits 
or attract animal dispersers by other fruit struc-
tures (Traveset & Richardson, 2014), only a few 
case studies have described or confirmed seed dis-
persal of invasive plant species by non-native mam-
mals. Such cases have been documented, for ex-
ample, on Mediterranean islands (Bourgeois et al., 
2005; López-Darias & Nogales, 2008; Padrón et al., 
2011), in semiarid regions of Argentina (Bobadilla 
et al., 2016, 2020), or in Hawaiian forests (Shiels 
& Drake, 2011). Positive feedbacks promoting inva-
sive plant success via enhanced seed dispersal have 
been reported in highly human-altered ecosystems 
(e.g., Bobadilla et al., 2016; Bourgeois et al., 2005; 
López-Darias & Nogales, 2008; Padrón et al., 2011), 
while not assessed in more natural landscapes, with 
high native biodiversity and well-established com-
plex trophic interactions.

Low human impact forest landscapes with a large-
ly intact native mammal community have tradition-
ally been considered relatively resistant to invasions 
due to their dense canopies, stable microclimates, 
and high structural complexity, which create strong 
biotic barriers to non-native plant species (Martin 

et al., 2009; Simberloff et al., 2002). However, these 
defence mechanisms may be weakened by the intro-
duction of animal invaders able to modify the en-
vironment in ways that facilitate the establishment 
of subsequent plant invaders, leading to synergistic 
effects among non-native species (Corenblit et al., 
2014; Crooks, 2002). Therefore, understanding the 
complex interactions between invasive plants and 
animals, particularly those involved in seed dispersal 
and endozoochory (Kurek et al., 2024), is crucial for 
assessing the long-term ecological impacts of biolog-
ical invasions in forest landscapes, especially in areas 
of high conservation value.

 In the Białowieża Forest, the invasive cherry plum 
(Prunus cerasifera Ehrh.) is one of the few non-native 
species producing fleshy fruits, offering a potential 
food resource for vertebrate frugivores (Kurek, 2015; 
Castañeda et al., 2018). Native to southeastern Eu-
rope and western-central Asia, it establishes across 
a wide range of conditions beyond its natural range, 
including ruderal habitats, shrublands, forest edges, 
and forest interiors (see Czortek et al., 2024 for a 
review). Although present in the Białowieża Forest 
for over 60 years (Smirnov, 1965; Adamowski et al., 
2002), its dispersal pathways and ecological impact 
remain poorly understood. Prunus cerasifera can alter 
understory community assembly rules and succes-
sional trajectories of oak-hornbeam forests (Czortek 
et al., 2025a). Moreover, it can shift epiphytic bry-
ophyte assemblages towards pioneer, light-demand-
ing species (Czortek et al., 2025b), and alter lichen 
communities, accelerating their succession (Łubek et 
al., 2025).

Similarly to non-native fleshy-fruited trees, the 
pool of invasive vertebrates in the Białowieża Forest 
is limited. Among the non-native mammals record-
ed in the region, only the raccoon dog (Nyctereutes 
procyonoides Gray) is a terrestrial, omnivorous spe-
cies whose diet and habitat use make it a plausible 
consumer of fleshy fruits from non-native trees and 
a potential seed disperser (Kurek et al., 2024; Ma-
jewski et al., 2026). In contrast, the other invasive 
mammals are mainly aquatic (e.g. muskrat Ondatra 
zibethicus L., or American mink Neovison vison (Schre-
ber)), and thus unlikely to interact with fruiting 
woody plants. The raccoon dog is a widely distrib-
uted invasive canid in Europe (Tedeschi et al., 2022; 
Majewski et al., 2026), native to the Far East of Asia 
(Laurimaa et al., 2016). Its invasion success is as-
sociated with broad environmental tolerance, high 
reproductive output, and an opportunistic omnivo-
rous diet (Kauhala et al., 1998; Kauhala & Kowal-
czyk, 2011; Nowakowski et al., 2020; Majewski et 
al., 2026). Its spread has been facilitated by multiple 
large-scale introductions, enhancing genetic diver-
sity, and maintaining gene flow among populations 
(Kauhala & Kowalczyk, 2011; Majewski et al., 2026). 
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The species is considered to negatively affect native 
fauna through predation and competition with native 
mesocarnivores (see Kauhala & Kowalczyk, 2011 for 
a review). It serves as a reservoir and vector of zo-
onotic parasites, including Echinococcus multilocularis 
and Trichinella spp. (Laurimaa et al., 2016).

The raccoon dog has been present in the Białow-
ieża Forest for over 70 years (Dehnel, 1956; Nowak 
& Pielowski, 1964), a time span sufficient for popula-
tion establishment, range stabilization, and integra-
tion into local trophic networks. This period largely 
overlaps with the spread of P. cerasifera, thereby facil-
itating the emergence of novel interspecific interac-
tions between co-occurring invasive species. More-
over, ongoing climate change may potentially favour 
both species (Kochmann et al., 2021; Tedeschi et al., 
2025; Czortek et al., 2026), promoting their spread 
across newly suitable areas (Brzeziński et al., 2019; 
Majewski et al., 2026). Thus, a focus on the novel 
ecosystem services provided by invasive fleshy-fruit-
ed trees, together with the role of invasive animals 
in their dispersal, highlights a critical but often over-
looked mechanism that may increase the invasibility 
of close-to-natural forests (Simberloff et al., 2002; 
Martin et al., 2009; Kuebbing, 2020; Tedeschi et al., 
2022). Therefore, the aim of this study was to identi-
fy the assemblage of dispersal vectors of cherry plum 
and to assess the potential for its further spread in 
near-natural forest ecosystem, with special emphasis 
on the invasive raccoon dog.

We hypothesized that raccoon dog would play 
a disproportionately important role in the disper-
sal of invasive cherry plum. The importance of this 
opportunistic omnivore in the spread of P. cerasifera 
may depend on its behavioural traits and ecological 
flexibility (Kochmann et al., 2021; Tedeschi et al., 
2025). While native animals are typically embedded 
in stable food webs (Jędrzejewska & Jędrzejewski, 
1998), the raccoon dog may more readily incorpo-
rate novel fruit sources into its diet. Alternatively, 
we hypothesized that cherry plum will be consumed 
by all native and invasive mammals in similar pro-
portions, and the differences will only be due to 
density and habitat selectivity between them. To 
test research hypotheses, we conducted an experi-
ment in early successional stages of oak-hornbeam 
forests developing on two clearings encircled by the 
Białowieża Primeval Forest. One of the glades is al-
ready undergoing invasion and serves as a propagule 
source of cherry plum for the adjacent primeval for-
est ecosystem (Czortek et al., 2024; Czortek et al., 
2025a), while the other remains free of cherry plum 
individuals. We experimentally offered cherry plum 
fruits in both glades and monitored their consump-
tion by animals.

Methods
Study area

The study was conducted at two open areas lo-
cated in the Białowieża Forest region: Białowieża 
Clearing (13.5 km², with a village of ~1,800 inhab-
itants) and Budy Clearing (5.5 km²; ~100 inhabit-
ants). Both are located approximately 10 km apart 
from each other and enclosed by the Białowieża 
Primeval Forest (Fig.  1). The clearings have a long 
history of mowing, grazing, and agriculture, begin-
ning in the 17th and 18th centuries and lasting till the 
1950s. Land abandonment intensified in the early 
1990s. Both clearings are situated within the Natu-
ra 2000 site “Białowieża Forest”, where current hu-
man activities are limited to mowing on semi-natu-
ral meadows. Relatively large parts of both clearings 
are dominated by the early stages of subcontinental 
oak-hornbeam forest (Tilio-Carpinetum), with the tree 
stand composed of silver birch Betula pendula, Euro-
pean hornbeam Carpinus betulus, European aspen Pop-
ulus tremula, pedunculate oak Quercus robur, goat wil-
low Salix caprea, and small-leaved lime Tilia cordata. 
The cherry plum is limited to the northern part of the 
Białowieża Clearing, where it locally dominates early 
successional forest patches, often comprising up to 
90% of canopy cover (Czortek et al., 2025a), but is 
absent in the Budy Clearing.

Experimental design

We conducted a field experiment to examine 
which animal species consume the fruits of cherry 
plum in natural conditions, and whether their inter-
est differs depending on the presence of cherry plum 
trees in the environment. The experiment was carried 
out from August 22 for 14 days, coinciding with the 
natural fruiting period of P. cerasifera in the region. 
This timing ensured ecologically realistic conditions. 
The study area was characterized by low availability 
of fleshy fruit trees and shrubs, and no other fruiting 
species were present during the experiment, mini-
mizing the possibility that animals selected among 
alternative fruit resources. Moreover, the relatively 
short duration of the experiment minimized the po-
tential risk of unintentionally facilitating the spread 
of P. cerasifera through fruit provisioning.

Fruits were placed on the ground in early suc-
cessional patches of Tilio-Carpinetum forest, with 
similar native tree species composing their cano-
pies. We established three types of plots: (1) ‘inva-
sion’ plots, located in clearing colonized by cheery 
plum (Białowieża) in patches where cherry plum 
trees were present, (2) ‘control’ plots, located in 
clearing colonized by cheery plum (Białowieża) but 
in patches without fruiting cherry plum trees, and 
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(3) ‘double-control’ plots situated on clearing where 
the cherry plum has not been recorded at all (Budy) 
(Fig. 1). Both ‘invasion’ and ‘control’ plots were lo-
cated within the Białowieża Clearing, while ‘dou-
ble-control’ plots were situated in a separate site de-
void of cherry plum (Budy Clearing). Each treatment 
included five replicate plots, resulting in a total of 15 
study plots.

The number of plots was determined by the avail-
ability of locations that meet strict ecological criteria. 
Plot locations were selected to ensure similar struc-
tural conditions, and most importantly, to match the 
required tree species composition defined for each 
treatment. The selected forest patches were neither 
too sparse nor too dense, offering shelter for animals 
while allowing access to fruits. All plots were at least 
90 meters away from the nearest human settlement 
(mean: 525 m), and on average 350 meters from the 
forest edge. To avoid potential pseudoreplication 
and spatial dependencies, plots were separated by a 
minimum distance of 300 meters and distributed as 
evenly as possible across both clearings, while also 
avoiding proximity to roads.

At each plot, 500 grams of freshly collected cherry 
plum fruits were placed daily in a shallow, flat or-
ange plastic basket (35 × 25 cm), hereafter ‘basket’, 
positioned directly on the ground (Fig. 1). This rela-
tively small quantity of fruit per plot was deliberately 

used to reduce the likelihood of inadvertently pro-
moting the dispersal of P. cerasifera via experimental 
fruit provisioning. The basket colour resembled the 
fruit colour to avoid attracting or deterring animals. 
Only ripe, healthy, and unspoiled fruits were used. 
Daily, we recorded the weight of the remaining fruits 
to estimate their percentage proportion removed by 
animals.

To document animal visits, we deployed a camera 
trap (Bushnell Trophy Cam HD Aggressor) at each 
plot. The cameras were mounted approximately 0.5 
meters above ground, ~2 meters from the basket. 
The camera traps were programmed to capture a pho-
to every second upon motion detection (triggered by 
temperature changes). Due to technical failures and 
one instance of theft, we lost 11 camera-days of data 
from 210 camera-days of exposition. The correspond-
ing missing data were excluded from statistical anal-
yses. All recorded photos were uploaded to Trapper, 
a web-based application for managing camera trap 
data (Bubnicki et al., 2016). A visit by an animal was 
defined as a sequence of photos separated by at least 
five minutes from the next sequence. This threshold 
was chosen to balance the independence of recorded 
events with the risk of merging distinct visits into 
a single record, as shorter intervals may over-split 
continuous activity whereas longer intervals may un-
derestimate the number of independent visits (Meek 

Fig. 1. Study area in the Białowieża Forest, north-eastern Poland, showing distribution of plots (A) with an example of 
study plot with a basket of cherry plum fruits (B)
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et al., 2014). A single person (Sz. Ś.) classified the 
photos. Species and group size were determined for 
every recorded visit.

Data analysis

To compare differences in time spent in plots by 
raccoon dog and other recorded mammal species, as 
well as among three treatments (i.e., invasion, con-
trol, and double-control plots), we used a mixed-ef-
fects linear model assuming a normal distribution 
of the response variable (lmerTest::lmer() function). 
In addition to additive effects, the model accounted 
for an interaction term between mammal species and 
treatment. To assess differences in the probability of 
raccoon dog presence in plots during the experiment 
duration and depending on treatments, we employed 
a generalized linear model assuming a binomial dis-
tribution of the response variable (base::glm() func-
tion). To evaluate the impact of time spent in plots by 
raccoon dog and to compare treatment effects on the 
percentage disappearance of cherry plum fruits, we 
employed a zero-inflated generalized mixed-effects 
model with a beta-distributed response variable and 
an intercept in the zero-inflation component (glm-
mTMB::glmmTMB() function). To account for poten-
tial variation in animal activity due to factors such as 
weather shifts during the experiment, we specified 
trap-day and plot identity as random effects in the 
first and third models built, and plot identity alone 
in the second model.

We adhere to the American Statistical Associa-
tion’s recommendations (Wasserstein & Lazar, 2016) 
and refrain from using P-values to assess the signif-
icance of results, since P-values’ strong dependence 
on sample size can conceal biologically meaningful 
patterns. We applied the emmeans::emmeans() and 
ggeffects::ggpredict() functions to calculate margin-
al responses while illustrating the models’ results, 
which depict predicted values with all other explan-
atory variables held at their mean (constant) levels. 
We conducted all statistical analyses in R version 
4.3.0 (“Already Tomorrow”; R Core Team, 2025).

Results

A total of 540 animal visits were recorded dur-
ing the 14 days of the experiment. The six most fre-
quently observed species included raccoon dog, pine 
marten (Martes martes L.), European badger (Meles 
meles L.), red deer (Cervus elaphus L.), red fox (Vulpes 
vulpes L.), and a group of unidentified rodent species. 
These six species were included in analyses, with rac-
coon dog accounting for the highest number of ob-
servations (Table 1).

The parameters of all models performed are pre-
sented in Table 2. The mean time that raccoon dogs 
spent in plots (295 s) was approximately 13-fold 
longer than that recorded for red deer, European 
badger, and pine marten (26 s, 23 s, and 20 s, respec-
tively). Rodents and red fox revealed the lowest mean 
time durations spent in plots (9 s and 3 s, respective-
ly; Fig. 2a). All recorded mammals spent comparable 
time durations in invasion and double-control plots 
(79 s and 74 s, respectively), whereas their time on 
control plots was approximately half as long (36 s; 
Fig.  2b). Raccoon dog followed the same pattern, 
spending the same time in invasion and double-con-
trol plots (358 ± 28 SE s), but on control plots it 
spent about 50% less time (168 s; Fig. 2c).

The probability of raccoon dog presence remained 
unchanged in invasion plots throughout the exper-
iment, whereas it showed a slight increase in dou-
ble-control plots (from 62% on day 1 to 73% on 
day 14) and a pronounced increase in control plots 
(from 22% to 60% over the same period; Fig.  3a). 
The proportion of cherry plum fruits disappearance 
increased from 51% to 96% as time spent in plots 
by raccoon dog ranged from 0 to 1600 s (Fig. 3b). 
Mean percentage of disappearing fruits reached its 
highest value in invasion plots (65%), and was 11% 
and 8% higher compared to control and double-con-
trol plots, respectively (Fig. 3c).

Table 1. Number of visits and total time spent in plots by 
species

Species/group of species Number 
of visits

Time 
spent [s]

Raccoon dog (Nyctereutes procyonoides Gray) 368 58462
Pine marten (Martes martes L.) 36 3855
Rodents (unidentified) 34 1762
European badger (Meles meles L.) 31 4585
Red deer (Cervus elaphus L.) 29 5188
Red fox (Vulpes vulpes L.) 21 441
Roe deer (Capreolus capreolus L.) 8 668
European bison (Bison bonasus L.) 5 97
Domestic cat (Felis catus L.) 4 185
Wolf (Canis lupus L.) 2 76
Birds (unidentified) 2 3
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Fig. 2. Visualisation of linear mixed-effect model showing differences in mean (+SE) time spent in plots by Raccoon 
dogs and other recorded mammal species (a), differences in mean (+SE) time spent by all recorded mammals among 
treatments (b), and accounting for interaction between mammal species and treatment (c). For model parameters see 
Table 2
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Table 2. Parameters of mixed effect models testing for: differences in time spent in plots by invasive raccoon dogs and 
recorded native mammal species depending on treatments (a), differences in probability of raccoon dog presence in 
plots during the experiment duration and depending on treatments (b), and effects of time spent in plots by raccoon 
dogs and differences among treatment effects on the percentage disappearance of P. cerasifera fruits (c). RE SD – SD 
of random effects

Predictor Estimate SE t/z P RE SD
a) Time spent by mammal species [s]
Intercept 27.540 28.089 0.980 0.333 Plot id = 41.590
Species = Rodents −15.507 29.201 −0.531 0.595 Trap-day = 15.110
Species = Reed deer −21.522 29.201 −0.737 0.461
Species = Raccoon dog 140.955 29.201 4.827 <0.001
Species = Pine marten −26.791 29.201 −0.917 0.359
Species = Red fox −27.746 29.201 −0.950 0.342
Treatment = double-control −14.298 39.478 −0.362 0.719
Treatment = invasion 2.030 39.310 0.052 0.959
Rodents: double-control 16.877 41.612 0.406 0.685
Rodents: invasion −12.448 41.296 −0.301 0.763
Reed deer: double-control 9.553 41.612 0.230 0.818
Reed deer: invasion 63.657 41.296 1.541 0.123
Raccoon dog: double-control 203.660 41.612 4.894 <0.001
Raccoon dog: invasion 187.896 41.296 4.550 <0.001
Pine marten: double-control 63.314 41.612 1.522 0.128
Pine marten: invasion 7.254 41.296 0.176 0.861
Red fox: double-control 20.069 41.612 0.482 0.630
Red fox: invasion 1.090 41.296 0.026 0.979
b) Probability of raccoon dog presence in plots [%]
Intercept 0.646 0.555 1.164 0.244 Plot id = 1.672
Day of experiment 0.001 0.064 0.005 0.996 –
Treatment = control −2.047 0.814 −2.513 0.012
Treatment = double-control −0.211 0.789 −0.268 0.789
Day of experiment: control 0.127 0.097 1.373 0.170
Day of experiment: double-control 0.040 0.092 0.432 0.666
c) Proportion of fruits disappearance [%]
Conditional model: Plot id = 0.424
Intercept 0.052 0.325 0.162 0.872 Trap-day = 0.314
Time spent by Raccoon dogs 0.001 <0.001 5.682 <0.001
Treatment = control −0.443 0.413 −1.074 0.283
Treatment = double-control −0.338 0.375 −0.901 0.368
Zero-inflation model:
Intercept −0.397 0.144 −2.747 0.006

Fig. 3. Visualisation of generalized linear models assessing differences in the probability of raccoon dog presence in plots 
during the experiment duration and depending on treatments (a) and the impact of time spent in plots by raccoon 
dogs (b) with treatment effects on the percentage disappearance of cherry plum fruits (c). For model parameters see 
Table 2
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Discussion
An invasive mammal is the main 
consumer of the invasive tree

Our study revealed that the fruits of the invasive 
cherry plum may be consumed by a relatively wide 
range of animals, suggesting a considerable variation 
in the fate of the fruits and, consequently, a high po-
tential for drupe dispersal. Mammal species recorded 
at plots differ greatly in their morphology (e.g., body 
size), physiology (e.g., seed digestion efficiency, or 
seed-carrying capacity), ecology (e.g., home range 
size, movement behaviour or habitat preferences; 
Jędrzejewska & Jędrzejewski, 1998), and food-han-
dling strategies (e.g., hoarding or immediate con-
sumption), which may influence both the distance 
and success of seed dispersal (Delibes et al., 2019). 
Contrary to our second hypothesis, but in line with 
the first, the raccoon dog, an invasive species in Cen-
tral Europe, was the most abundant visitor to the 
experimental plots, outnumbering all other animals.

All the four mesocarnivorous species visiting the 
study plots can be potentially considered as the main 
dispersers of cherry plum seeds, based on their size 
and food habits. Moreover, all of them are opportun-
istic omnivores, and fruits constitute a regular part 
of their diet (Fedriani et al., 2018; González-Varo et 
al., 2013; Hisano et al., 2016; Kurek, 2015; Kurek et 
al., 2024; Pagh et al., 2025). One would therefore 
expect a relatively high and similar presence of all 
these carnivore species on our experimental plots. 
However, the role of native frugivorous carnivores 
in cherry plum dispersal appears to be more limited, 
likely due to their dietary specialization and ecolog-
ical constraints. Among these species, the raccoon 
dog stands out as the most frugivorous, with fruits 
reported up to 77% of diet frequency in some popu-
lations (Baltrūnaitė, 2006; Drygala et al., 2000; Kau-
hala et al., 1998; Kauhala & Kowalczyk, 2011; Pagh 
et al., 2025; Sidorovich et al., 2000, 2008; Sutor et 
al., 2010). In comparison, the average fruit content 
in the summer diet of native species reaches approx-
imately 21-39% (Castañeda et al., 2022; Goszczyński 
et al., 2000; Mulder, 2012; Zalewski, 2005). Several 
other factors may also explain the comparatively low 
consumption of cherry plum fruits mammals, par-
ticularly rodents (Castañeda et al., 2022). Although 
it is also known to consume fruits, these typically 
may constitute a minor component of its diet, espe-
cially in landscapes of the Białowieża Forest (Jędrze-
jewska & Jędrzejewski, 1998). Pine martens, though 
frugivorous in late summer, were rarely detected in 
our plots, which may be due to their strong pref-
erence for mature forest (Wereszczuk & Zalewski, 
2015). These environments provide essential vertical 
structure for escape from predators, a key element of 

pine martens’ ecology, and open clearings may thus 
be less attractive to them (Wereszczuk & Zalewski, 
2015). European badger, despite having a broad diet 
that includes fruits, relies heavily on earthworms and 
other soil invertebrates (Goszczyński et al., 2000; 
Kowalczyk et al., 2003). Although both European 
badger and raccoon dog engage in seasonal fatten-
ing, their foraging behaviour differs. Raccoon dogs 
may consume fruits more frequently than badgers 
(Elmeros et al., 2018), preferring large-seeded fleshy 
fruits (Takatsuki et al., 2018). They may exhibit 
greater spatial flexibility (Drygala et al., 2008) and 
foraging boldness than European badger. The diet 
composition of raccoon dogs varies with season and 
landscape structure (Sutor et al., 2010). Such dietary 
flexibility is considered a key prerequisite for their 
success (Caut et al., 2008), enabling them to exploit 
sugar-rich fruiting patches, such as those of the cher-
ry plum, more effectively than the European badger.

Nevertheless, even when taking the dietary and 
habitat differences into account, the disproportion-
ately high frequency of raccoon dog presence in 
the study plots remains striking. This is especially 
surprising given that its population density in the 
Białowieża Forest region is not substantially higher 
than that of native species. In the Białowieża Forest, 
raccoon dog’s population density ranges from 0.2 
to 0.5 individuals per km² (Jędrzejewska & Jędrze-
jewski, 1998; Kowalczyk et al., 2008), which is com-
parable to that of native carnivores in the region, 
including the pine marten (0.5 individuals km−²), 
European badger (0.2 individuals km−²), and red fox 
(0.1 individuals km−²) (Jędrzejewska & Jędrzejewski, 
1998; Kowalczyk et al., 2003, 2008). Based on these 
densities, we might expect a two- or threefold higher 
visitation rate at most, not a 13-fold one as our re-
sults revealed.

Plasticity as a novel weapon of invasive 
animal

Native species have adapted to local conditions of 
food availability, and, in the absence of resource scar-
city, may have limited incentive to explore or incor-
porate novel food sources (Labbé & King, 2020). In 
contrast, invasive species often display greater dietary 
plasticity and behavioural boldness, allowing them 
to exploit unfamiliar resources more readily (Griffin 
et al., 2022; Sol et al., 2014; Wright et al., 2010). 
While numerous animals are generally cautious and 
slow to recognize new items in their environment as 
edible, invasive species may be under stronger se-
lective pressure to quickly identify and utilize novel 
food sources to become a successful invader (Sol et 
al., 2014). In our study, the invasive raccoon dogs 
appear to have successfully learned to exploit cherry 
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plum as a valuable food resource. In areas complete-
ly devoid of cherry plum, raccoon dogs appeared at 
experimental plots from the very beginning – at lev-
els comparable to those in invaded and known areas. 
This suggests great spatial flexibility and foraging 
boldness, as well as remarkable capacity for rapid 
learning and recognition of novel food resources. In 
areas already invaded by cherry plum, where the tree 
is already established and represents a known food 
source, raccoon dogs exploit known food patches sys-
tematically and consistently. In contrast, when fruits 
were introduced at new locations within those invad-
ed areas, raccoon dogs were slower to explore and 
exploit these sites. This behaviour likely reflects an 
energy-saving strategy, with animals initially relying 
on familiar food patches (Mitchell & Powell, 2004). 
Frugivores are known to learn the spatial and tempo-
ral distribution of fruiting trees (Saracco et al., 2004) 
and to return to fruit sources more frequently during 
the fruiting season. In our study, raccoon dogs spent 
similar amounts of time at baskets located beneath 
known fruiting trees and in control plots situated far 
from the invaded area. Their quick detection of fruit 
under known (several years of fruiting) trees likely 
reflects memory-based foraging, while their immedi-
ate response to baskets placed far from fruiting trees 
sheds light on how animals perceive the spatial dis-
tribution of food sources. It also demonstrates that 
even unpredictable appearances of fruiting sites do 
not limit their use by an invasive mammal.

When a non-native tree offers a high-quality food 
resource and an invasive animal possesses the be-
havioural flexibility to rapidly recognize and exploit 
it, new ecological positive interactions can emerge 
swiftly (Simberloff & Von Holle, 1999). Such interac-
tions may bypass the ecological barriers that typically 
constrain establishment and dispersal, allowing both 
species to benefit: the plant gains a reliable disper-
sal vector, while the animal secures an easily acces-
sible, energy-rich food source (Bobadilla et al., 2020; 
Latham et al., 2017), that potentially is not or less 
exploited by native species. The ability to flexibly ex-
ploit a wide range of food types – and the behavioural 
boldness to recognize and utilize unfamiliar resourc-
es – may thus act as a “novel weapon” within an eco-
system in a focus (Callaway & Ridenour, 2004).

Positive invasion feedbacks in the 
context of the ecosystem invasibility

Even in species-rich, low human impact forest 
landscapes, the introduction of two non-native spe-
cies functionally distinct from the native biota can 
give rise to novel interactions. In our study, the 
raccoon dog emerged as a main disperser of cherry 
plum’s drupes, demonstrating the prominent ability 

to quickly incorporate this novel food source into its 
diet. Although both species have been present in the 
region for about 60 years, their interaction through 
seed dispersal and the provision of nutrient-rich 
food has resulted in mutual facilitation. Carnivores, 
regarding their morphological features (mostly their 
simple digestive mechanism with no rumination), 
may defecate almost intact seeds (Pigozzi, 1992; 
Fedriani & Delibes, 2009), and a similar process may 
likely be attributed to raccoon dog (Drygala et al., 
2000; Wooldridge et al., 2024). Moreover, the broad-
scale movements of raccoon dogs, combined with 
their capacity to penetrate diverse habitats and forag-
ing strategy (Drygala et al., 2000; Wooldridge et al., 
2024), both within established territories and during 
post-breeding dispersal (up to 100 km; Sutor, 2008), 
enable long-distance transport of ingested drupes 
with intact pulp, potentially facilitating seed deposi-
tion across a wide range of environments (Drygala et 
al., 2000). This movement across habitat boundaries 
is particularly relevant in our study system, as cher-
ry plum is still in the early stages of colonizing the 
best preserved part of the Białowieża Forest. Howev-
er, it yet fruit within this forest interior (Czortek et 
al., 2024), meaning that the main propagule sources 
located in early-successional forest patches on the 
clearing play an important role in cherry plum in-
vasion into primeval forest (Czortek et al., 2025a). 
Raccoon dog may therefore serve as important vector 
connecting these fruiting sources with primeval for-
est parts that are not yet colonized, potentially accel-
erating the species’ spread into new habitats.

Study limitations

Interpretation of our results should take into ac-
count several constraints arising from the study de-
sign and the local environment variability. Our study 
was carried out during the peak fruiting period of P. 
cerasifera, which allowed us to observe interactions 
under conditions of naturally high fruit availability. 
Although focusing on the peak fruiting season pro-
vided realistic insights into the studied interaction 
when resources were most abundant, the observa-
tions came from a single two-week period in a single 
year. Therefore, our experiment does not represent 
year-to-year changes in fruiting levels, carnivore ac-
tivity or broader mammal community dynamics, and 
we cannot determine whether the patterns we doc-
umented are stable through time or specific to the 
conditions of that particular season. Camera traps 
provided reliable information on visits and foraging 
time, but this approach did not allow us to follow 
what happens to the seeds after consumption. Di-
rect evidence of seed survival and deposition would 
require additional approaches such as germination 
tests or analyses of scats. The study was also limited 
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to early-successional stands in two forest clearings, 
which represent only a portion of the habitats used 
by both species in the Białowieża Forest region. Dif-
ferences in vegetation structure, food availability or 
the presence of other carnivores in surrounding hab-
itats may influence fruit removal in ways that were 
not reflected in our study plots. These limitations 
point to the need for longer-term research that spans 
several fruiting seasons and a wider range of habitats 
to better understand the ecological consequences of 
emerging interaction between two invasive species.

Conclusions

Our findings, obtained under low human impact 
conditions, shed new light on the prevailing view that 
novel species interactions are restricted to human-al-
tered environments (Heger et al., 2019; Hobbs et al., 
2006). They reveal that even primeval forests may be 
vulnerable to ecological transformations triggered by 
recent invasions occurring in their closest surround-
ings. Benefiting from easily accessible fruits, the rac-
coon dog may act as a reliable vector for cherry plum 
dispersion, increasing its propagule pressure and il-
lustrating how novel trophic interactions can threaten 
native ecosystem functioning. Numerous non-native 
fleshy-fruited plants rely primarily on endozoochory 
for seed dispersal, and several are currently spread-
ing from cultivation (Wiatrowska et al., 2023). Giv-
en the long lag phases (Kowarik, 1995) and lack of 
ecosystem saturation by these non-natives (Seebens 
et al., 2017), similar scenarios may become increas-
ingly common. This finding challenges the notion of 
traditionally high biotic resistance of well-preserved 
forest landscapes with a largely intact native mam-
mal community (Martin et al., 2009; Simberloff et 
al., 2002). Moreover, our findings underscore the im-
portance of acknowledging and managing emerging 
interspecific interactions among non-native species. 
However, the reason why the invasion of cherry plum 
began 40 years after the onset of its coexistence with 
invasive mammal remains an open question.
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