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Abstract: Small mammal species assemble based mainly on plant communities but the structure of
their assemblages is shaped by several other factors, modified by larger-scale geography. Despite
their ecological significance, they are often neglected elements of biodiversity, therefore, even
several Polish national parks have lacked extensive surveys. It also applies to the Wolin National
Park (WNP), the only one located on a coastal marine island, known previously for its unique bat
fauna. We surveyed small mammals of WNP by live- and pitfall trapping, identifying only nine
species, the lowest species richness among five national parks of the region (the remaining hosted
11-13 species, based on trapping data only) and the rarefaction curve showed very low probability
of increasing that number by future sampling. Such unexpected paucity of species is probably linked
to insular isolation and the location of the park at the edge of regional distributions of the three
species. Cluster analysis revealed the most peculiar feature of small mammal assemblages in WNP
- a division of the Park into two landscape units, moraine hills and the alluvial delta, where
predominant murids were, respectively, Apodemus flavicollis and Apodemus agrarius. That divergence
appeared to affect the clustering more than vegetation at the trapping sites.

Keywords: rodents; shrews; Rodentia; Soricidae; habitat preferences; species richness; Baltic; Poland

1. Introduction

Small land mammals, especially rodents and shrews, play crucial functions in trophic networks
and soil processes in continental terrestrial ecosystems worldwide [1]. They also provide the largest
contribution to mammalian diversity globally, along with bats [2,3]. Generally, different habitats,
defined e.g. by plant communities, are occupied by different small mammal assemblages, usually
consisting of several, co-occurring species [4]. The qualitative and quantitative structure of those
assemblages varies with an ensemble of environmental factors - in the temperate zone of Europe
primarily composition of herbaceous [5] and tree layer [6], tree cover [Benedek and Lazar 2021],
abundance of coarse woody debris [Fauteux et al. 2012], productivity [6], altitude [7], topography,
micrometeorology and abundance of epigeic invertebrates [8], large-scale disturbances, including fire
[9] and post-fire management [10], activity of keystone species, particularly ecosystem engineers
[11,12], intensity of agriculture [13], forest management [14,15] and animal-husbandry-related land
use [16]. Effects of those factors may, however, become modified by larger-scale geographical effects,
like insular isolation [17]. The combination of multiple factors leads, therefore, to the variable
structure of small mammal assemblages even among areas with robustly similar habitat composition,
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and that variation remains only partially understood, probably due to numerous interactions
between those factors.

National parks remain crucial elements of protected area networks globally, contributing
significantly to the conservation of biodiversity [18]. In Poland, they are the only protected areas in
which all nature is subjected to protection. Therefore, they should be prioritized as subjects of broad-
scale inventories of biodiversity, especially those focused on taxonomic groups playing keystone
functions in ecological processes. Contrary to more charismatic, large and middle-sized mammals,
which were already surveyed in all national parks of Poland, as well as subjected to constant
monitoring [19], small rodents and shrews evaded similar attention, so no sufficient inventories of
that group were undertaken in several national parks until recently. This has also been the case of
Wolin National Park (WNP), located at the northwestern edge of Polish territory and the only
national park in the country located on a coastal marine island. This unique position among Polish
national parks may result in exceptional biogeographical features that also affect the structure of
small mammal assemblages. WNP is known to host unexpectedly depauperate bat fauna, with the
structure of their assemblages uniquely uniform among habitats due to the dominance of single,
hyperabundant native species [20]. The small mammal fauna of that Park lacked similar insight.

That paper aims to present the structure of small mammal assemblages in a Central European
national park that revealed unexpectedly depauperated species composition, compared to regional
fauna and local variability in land cover. We also tested if the inter-assemblage similarity of small
terrestrial mammals is shaped by plant communities or robust topography in a specific context of
coastal landscapes of the Southern Baltic Sea region.

2. Materials and Methods

2.1. Study Area

Wolin National Park (WNP) is located along the Baltic Sea coast in northwestern Poland,
53°57'15"N, 14°29'20"E (Figure 1). The park encompasses a significant portion of Wolin Island, the
largest Polish island, which covers 265 km?2. It is separated from the mainland by the Dziwna Channel,
which narrows to 90 meters at its least wide point and expands to approximately 4.5 kilometers at its
widest.

Established in 1960, WNP covers 10937 hectares, with 4,648 hectares (42.5%) comprising forest
ecosystems. Most of the park's woodlands form a continuous block that includes a range of moraine
hills, with the highest point reaching 115 m asl. To the north, these woodlands are bordered by active
cliffs that rise to 93 meters, composed of clay, sand, and gravel, which drop directly into the Baltic
Sea. Lower cliffs, also partially active, define the southern boundary and fall into the Szczecin Lagoon,
while dunes can be found to the northeast. The predominantly moraine, woodland part of the Park
is adjacent to the flat, alluvial part, located in the regressive delta of the Swina channel, 100-1000 m
wide, separating Wolin from the neighboring Uznam Island. Seven lakes, including four postglacial
and three post-mining, are located within the hilly part of the park, covering a total surface of 163 ha.
Running waters are extremely scarce, restricted to four short streams, discharging the lakes. A
significant element of the hydrological system in the delta is a network of brackish channels and open
waters of the Szczecin Lagoon, which form the estuary of the Oder River and divide part of the
alluvial lands into seven smaller islands. Frequent backflows from the Baltic Sea lead to flooding
events in that part of WNP.

According to the K6ppen climate classification, the region has a humid continental climate with
a warm summer subtype (Dbf). The mean annual temperature is 9.1 °C, with a mean temperature in
January of 0.8 °C and a mean temperature in July of 18.2 °C. The mean annual precipitation measures
585 mm, and the area typically experiences an average of 30 days of snow cover each year.

In WNP, the average age of the tree stands is 112 years. They are predominated by Scotch pine
Pinus sylvestris, beech Fagus sylvatica, and sessile oak Quercus petraea [https://wopn.gov.pl/statystyka].
The predominant woodland communities are fertile (Galio odorati—-Fagetum) and acid-poor (Luzulo
pilosae—Fagetum) beech forests, with a significant contribution of acid beech—oak (Fago—Quercetum),
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birch-oak (Betulo-Quercetum) and suboceanic pine (Leucobryo—Pinetum) forests. Crowberry-pine
forests (Empetro nigri-Pinetum) grow on coastal dunes, while sedge-beech (Carici-Fagetum) on the
upper edges of marine cliffs. Swamp forests consist almost exclusively of black alder carrs (Ribeso
nigri-Alnetum), which occur both around postglacial lakes and on alluvial delta. Compared to the
other parts of northern Poland, especially the Pomerania region, the characteristic feature of the Park
vegetation is an almost complete lack of moist subatlantic oak-hornbeam (Stellario-Carpinetum) and
alder-ash (Fraxino-Alnetum) forests, which are represented only by single patches near postglacial
lakes. Among non-forest communities, saltmarsh pastures (Juncetum gerardi), on islands of alluvial
delta, are the most noticeable. Significant areas are covered also by reed (Phragmitetum commune) and
great fen-sedge (Cladietum marisci) beds. Glycophilous grasslands are represented mostly by false
oatgrass (Arrhenaterion elatioris) and purple moor grass (Molinion) meadows. Another characteristic
feature of WNP, as one of the two Polish national parks protecting coastal habitats, are diverse and
well-developed cliff communities, formed both as swards and shrubs in various stages of succession.
On the contrary, non-forest dune communities are poorly represented, with only a single, narrow
patch in the central part of the Park coast, where typical zonation from white (Elymo-Ammophiletum)
to grey (Helichryso-Jasionetum) dunes occurs [Piotrowska 1966, 1998]. Only a few buildings are present
in the WPN, mostly Park offices, foresters’ lodges and - in the delta - cow sheds. However, several
settlements, including one city (Migdzyzdroje), are located at the Park borders.

¢

@ study sites
CJ WNP borders

2.5 0 2.5 5 7.5 10 km
BN N 22 ... 0

Figure 1. Location of study sites at which small mammal trapping was conducted within the borders
of Wolin National Park. The number of each site corresponds to the Table 1. mh - moraine hills
(uplands), ad - alluvial delta (lowlands).
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2.2. Small Mammals Survey

Data used in the following study were collected during the first-ever broadscale survey of small
mammals of the WNP in August and September 2023 on 14 localities (Figure 1), attributed to 17
different terrestrial and wetland habitats of the Park (Table 1).

Table 1. Habitat characteristics of the study sites at which small mammal trapping was conducted.
Landscape units: mh - moraine hills (uplands), ad - alluvial delta (lowlands).

Site Landscape unit Habitat characteristics
Alder-ash riparian forest Fraxino-Alnetum (70 years) along a stream between two lakes,
I mh transitioning to the ecotone of black alder swamp forest and reed bed along the shore of
eutrophic lake
Treeless communities on coastal dunes; the site divided into two shorter trap-lines of
I mh equal length: Ila — grey dunes Helichryso-Jasionetum, IIb — white dunes Elymo-

Ammophiletum
Mesic meadow Arrhenatherion elatioris on a hill slope, regularly mowed; few scattered
111 mh .
shrubs near the trap-line
Black alder swamp forest Ribeso nigri-Alnetum (45 years) along the shore of eutrophic
v mh lake; hollows filled with water, locally patches of reed Phragmites australis in the
herbaceous layer
Moist subatlantic oak-hornbeam forest Stellario-Carpinetum (40-165 years) on a lakeside
terrace and parallel slope; abundant hazelnut Corylus avellana in the undergrowth
A mosaic of wet, glycophilous meadows, low reed, and sedge beds, adjacent to the
VI ad narrow (50-60 m) stripe of trees (pedunculate oaks, black alders) along the ditch; during
the trapping meadows were freshly mowed and partially flooded
A dike (5-10 m wide) between the two canals, covered by a mosaic of sedge
VII ad communities and willow shrubs, surrounded by black alder swamp forests Ribeso nigri-
Alnetum (96 years) from both sides
Active marine cliff with mosaic of early (Trifolio-Anthyllidetum swards with abundant
VIII mh grasses and field wormwood Artemisia campestris) and later (sea-buckthorn Hippophae
rhamnoides shrubland) succession stages
Surrounding of forester’s lodge — traps located along buildings’ walls, in the garden, on

X mh piles of firewood, under shrubs, and in an orchard
X mh Fertile, woodruff beach forest Galio-odorati Fagetum (125-165 years) with abundant
coarse woody debris of natural origin
A complex of acidophilic, broadleaved woodlands (90-165 years); the site divided into
XI mh two shorter trap-lines of equal length: Ila — acid-poor beech forest Luzulo pilosae-

Fagetum with traces of recent active restoration (mostly removal of planted Scotch pine)
resulting in abundant woody debris, IIb — acid-poor oak-beech forest Fago-Quercetum
A complex of coastal woodlands on dunes; the site divided into two shorter trap-lines
XII mh of equal length: XIla — pine forest Empetro nigri-Pinetum (52 years), XIIb — acidic birch-
oak forest Betulo-Quercetum (65-135 years)
Halophytic mire Glauco-Puccinietalia, consisting of low sward dominated by Juncus
XII ad gerardi, intensively grazed by cattle, and patches of higher vegetation, including
Schoenoplectus tabernaemontani along a flooded depression.
Reed bed Phragmitetum commune, consisted mostly of high reeds, forming an ecotone

XI
v ad (10-40 m wide) between birch-oak forest and mowed, glycophilous meadows

The methodology was originally designed to maximize the completeness of the species
inventory for the Park, thus we allowed minor methodological differences among localities. In
general, at every locality, 30 pitfall traps and 17 Sherman live-traps were set. Pitfall trapping followed
the methodology used in [12]. The bottom of each pitfall was filled with a ball of local herbaceous
plants or moss to improve thermal conditions and 2-3 larvae of mealworm Tenebrio molitor were put
in it as a food supply. Both plant stuffing and mealworms were put there to improve the survival of
captured shrews. Each live-trap was supplied with a bait, consisting of oat flakes mixed with peanut
butter. Traps were set in lines, consisting of trap-points located every 10 m. Each of the first 17 trap-
points included a pitfall and a live-trap, located 1 m from each other, later —only a pitfall. When the
locality was intended to include two different, neighbouring habitats (II, XI, XII), two parallel trap-
lines were set, each consisting of 15 pitfalls and 8-9 live traps. Trapping at each location was usually
conducted during two consecutive nights. Traps were opened an hour before sunset and closed an
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hour after sunrise. The exceptions were localities II, VIII, IX, and XI, where traps were set only for
one night. At site V, where we aimed to capture the hazel dormouse Muscardinus avellanarius, live-
traps were set in a parallel trap-line from pitfalls, all mounted to branches of hazelnut Corylus avellana,
about 1-1,5 m above the ground, while the bait was supplemented with sliced apples. Only live-traps
were set at localities VIII and IX, due to hard soils, making setting pitfalls too time-consuming and
destructive for the plant cover. All traps were checked every two hours, while captured mammals
were identified based on external features, mostly based on the key by Pucek [21], and released on
the spot. Some individuals of Apodemus and Microtus/Alexandromys remained identified only to the
genus or genus-pair level, as they managed to escape before measurements were taken or non-metric
features were examined. These unidentified Apodemus represented exclusively subgenus Sylvaemus
[22], i.e. either A. flavicollis or A. sylvaticus (Linnaeus, 1758) but not A. agrarius. After every capture
bait or food supply was replenished.

We used capture data to compute the expected species richness, based on the individual
abundance rarefaction (species accumulation curve), using PAST ver. 4.07b. This method allowed the
in-detail comparison of small mammal species diversity among habitat classes and five northwestern
Poland’s (Wolin, Stowinski, Warta Mouth, Drawienski) and northeastern Germany (Lower Oder
Valley) national parks [23-27]. To compare the species composition of samples among sites, habitat
classes, and topographies (landscape units), we performed cluster analysis in ClustVis, an open-
access web tool for visualizing the clustering of multivariate data, provided by the University of
Tartu. Samples characterized by relative abundances of small mammal species were clustered with
the average linkage method, using the average distance of all possible pairs, with the Manhattan
distance as a measure of similarity and the ‘tightest cluster first’ as the method of tree ordering. As
individuals were not marked, the relative abundance was calculated based on the number of
captures. We divided the Park and its habitats into two landscape units - one represented moraine
hills (upland) in the eastern part (10 sites, 13 habitats), and another represented the alluvial,
regressive delta in the west (4 sites and habitats). The sites were attributed to four habitat groups:
meso- and acidophilic forests on mineral soils (V, X, XI, XII), dry non-forest habitats (II, III, VIII, IX),
both exclusive to the upland part of the Park, upland wetland forests, associated with shores of
postglacial lakes and streams linking them (I, IV), and exclusively wetland habitats of alluvial delta
(VI, VII, XIII, XIV).

3. Results

In total, we captured nine species of small mammals. Three of them belonged to the Soricidae
family of Eulipotyphla: common shrew Sorex araneus Linnaeus, 1758, Eurasian pygmy shrew Sorex
minutus Linnaeus, 1766 and Eurasian water shrew Neomys fodiens (Pennant, 1771). The remaining six
were Rodentia, including four Cricetidae - bank vole Clethrionomys glareolus (Schreber, 1780), root
vole Alexandromys oeconomous (Pallas, 1776), short-tailed field vole Microtus agrestis (Linnaeus, 1761),
common vole Microtus arvalis (Pallas, 1778) - and two Muridae: striped field mouse Apodemus agrarius
(Pallas, 1771) and yellow-necked mouse Apodemus flavicollis (Melchior, 1834). They were represented
by 397 captures, among which C. glareolus, A. flavicollis, and A. agrarius were the most numerous. In
total, rodents constituted 89.2% of the whole assemblage, with a predominance of Cricetidae (45.6%),
followed by Muridae (43.6%). Shrews constituted only 10.8% of all captured mammals, with S.
minutus being the most numerous. N. fodiens was the rarest small mammal in our sample, represented
only by a single capture. No unambiguous A. sylvaticus were captured, however. The most
widespread species were: A. flavicollis (10 localities, 12 habitats), C. glareolus (7 localities, 7 habitats),
and S. minutus (6 localities, 6 habitats) (Table 2).
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Table 2. Results of small mammal trapping (number of captures of a particular taxon) in every
sampled habitat of the Wolin National Park. Number of every site corresponds to the Table 1. Species:
Sara - S. araneus, Smin - S. minutus, Nfod - N. fodiens, Cgla - C. glareolus, Aoec - Alexandromys oeconomus,
Magr - M. agrestis, Marv - M. arvalis, A/IM - Alexandromys/Microtus, Aagr - A. agrarius, Afla - A. flavicollis,
Asp - Apodemus sp. (only representatives of subgenus Sylvaemus).

Sara  Smin  Nfod Cgla  Aoec Magr Marv A/M  Aagr Afla  Asp

I 1 4 1 37 - - - - - 16 6 65 4
hi:ft/at Species total S
Ila - - - - - - 1 - - 7 1 9 2
1Ib - - - - - - - - - 1 - 1 1
11T - - - - - - 2 - - 1 2 5 2
v 2 12 - 21 - - - - - 29 3 67 4
\% - 2 - 6 - - - - 16 2 26 3
VI - - - 4 4 3 - 1 2 1 - 15 5
VII 1 1 - - - 4 - - 5 - - 11 4
VIII - - - - - - - - - 12 - 12 1
X - - - 3 - - - - 1 3 - 7 3
X 3 - - 92 - - - - - 21 3 119 3
Xla - - - - - - - - - 2 - 2 1
XIb - - - - - - - - - 1 - 1 1
Xlla - 1 - - - - - - - - - 1 1
XIIb - - - 1 - - - - - - - 1 1
XIII - - - - - - - - 8 - - 8 1
X1V 6 9 - - - 2 - - 30 - - 47 4
total 13 29 1 164 4 9 3 1 46 110 17 397 9
% 3,3 7,3 0,3 41,3 1,0 2,3 0,8 0,3 11,6 27,7 43 1000
number of habitats 5 6 1 7 1 3 2 - 5 12 - 17

Samples from particular study plots clustered almost exclusively based on location within the
two landscape units of the park (i.e. uplands and the alluvial delta) to the point that the alder swamp
forest in the delta (VII) appeared much more similar to the nearby open habitats (XIII, XIV) than to
swamp and riparian alder forests edging the upland lakes (I, IV). The mosaic of freshwater meadows,
sedge and reed beds in the delta (VI) appeared to form a separate branch outside the cluster
containing all the other habitats but it still shared much more resemblance to the other delta habitats
than to any site located in the upland part of the Park. The two landscape units differed particularly
by the relative abundance of the two only small murid rodents recorded (A. flavicollis and A. agrarius).
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Figure 2. Comparison of species composition of small mammals trapped at particular study sites in
Wolin National Park, subjected to cluster analysis (clustering method —complete linkage, Manhattan
distance, average cluster first). Only individuals identified unambiguously to the species level were
taken into account. Number of every site corresponds to the Table 1. Species: Sara - S. araneus, Smin -
S. minutus, Nfod - N. fodiens, Cgla - C. glareolus, Aoec - Alexandromys oeconomus, Magr - M. agrestis, Marv
- M. arvalis, Aagr - A. agrarius, Afla - A. flavicollis. Landscape unit: mh - moraine hills (upland), ad -
alluvial delta (lowland). Habitat class: dnf - deciduous non-forest habitats, m/af - meso- and
acidophilic forests on mineral soils, nfw - non-forest wetlands, wf - wetland forests. Trapping method:
1 - live traps only, Ip - live- and pitfall traps. Data from Table S1.

Small mammal assemblages in the upland, the eastern part of the park were usually
characterized by abundant A. flavicollis, irrespectively of tree cover and humidity. In the mesophilous,
deciduous forests with predominant beech and oak in the tree layer, it was outranked, however, by
C. glareolus (66.0%) (Figure 3), the effect that can be attributed mostly to the effect of one site with the
highest number of small mammal captures during the whole study (X, fertile beech forest, Table 2)).
Assemblages inhabiting the upland wetland forests (I, IV) revealed similar dominance of A. flavicollis
(34.1%) and C. glareolus (43.9%) but also relatively high dominance of shrews (in total 15.2%, all three
species) (Figure 3). The only capture of N. fodiens in the Park was obtained in the alder-ash riparian
forest (I). A. agrarius was recorded in the upland part of the Park based on single capture in the garden
around the forester’s lodge (IX) (Table 2). The only habitats occupied by M. arvalis were dry non-
forest ones (Figure 3), particularly grey dunes (Ila) and mesic meadows (III). Habitats closest to the
seashore were occupied only by the two species, A. flavicollis (white dunes, IIb; treeless cliffs, VIII)
and S. minutus (coastal dune pine forest XIla) (Table 2).
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Figure 3. Structure of small mammal assemblages hosted by four different groups of habitats,
distinguished by plant communities and topography. Meso- and acidophilic forests on mineral soils:
sites V, X, XI, XII. Upland wetland forests: sites I, IV. Dry non-forest habitats: sites II, III, VIIIL, IX.
Wetland habitats on the alluvial delta: sites VI, VII, XIII, XIV.

On the contrary, wetland habitats of the alluvial delta, i.e. in the western part of the Park, were
almost devoid of A. flavicollis (Figure 3), represented there by only a single capture at site VI (Table
2), i.e. located closest to the moraine, hilly uplands. Instead, small mammal assemblages inhabiting
that area are characterized by abundant A. agrarius (55.6%) (Figure 3). It was present at all sites, both
woodland (VII) and treeless or ecotone ones (VI, XIII, XIV). In the halophytic mires (saltmarsh, XIII)
it was the only small mammal recorded (Table 2). A notable feature of small mammal fauna in the
delta wetlands was the presence of M. agrestis (three out of four habitats) and the highest relative
abundance of shrews among all four habitat groups of the park (20.9%), represented, however, solely
by representatives of the genus Sorex (Figure 3). The only habitat occupied by M. oeconomus in the
Park was the complex of wet, freshwater meadows and sedge and reed beds (VI) (Table 2).
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Figure 4. Rarefaction curves for the cumulative numbers of species plotted against the numbers of
small mammal captures in four different groups of habitats, distinguished by plant communities and
topography. Meso- and acidophilic forests on mineral soils: sites V, X, XI, XII. Upland wetland forests:
sites I, IV. Dry non-forest habitats: sites I, III, VIII, IX. Wetland habitats on the alluvial delta: sites VI,
VII, XIII, XIV.

The species accumulation curves revealed the highest diversity in the wetland delta habitats (7
species), followed by upland wetland forests (5); meso- and acidophilic forests on mineral soils
appeared to host the poorest assemblages (4). In the majority of habitat groups, curves reached the
plateau, suggesting a very low probability of adding any new species if the sample size increases,
only the dry non-forest habitats (4 species) remained undersampled (Figure 4).

Wolin NP hosted the poorest small mammal fauna among the four nearby national parks that
were compared using species accumulation curves. Lower Oder Valley and Drawienski NP hosted
11 and Stowinski NP hosted 12 species but the difference between them was negligible, with nearly
identical trends and strongly overlapping confidence intervals. None of these four parks appeared to
be undersampled, as their species accumulation curves reached a plateau already before the sample
size reached half of the final number of captures. In the case of WNP, the final number of nine species
had been already recorded by 188 captures. Warta Mouth NP hosted the most diverse small mammal
fauna, with 13 species, obtained with the lowest sample size (N=80). The species accumulation curve
for that park was the only one that did not reach a plateau, therefore the sample is far from saturated
(Figure 5).
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Figure 5. Rarefaction curves for the cumulative numbers of species plotted against the numbers of
small mammal captures in Wolin National Park (WNP) and four other national parks in the Polish
Baltic Sea Coast and Lower Oder catchment. DNP - Drawieniski National Park, LOVNP - Lower Oder
Valley National Park, SNP - Stowinski National Park, WMNP - Warta Mouth National Park (data in
Table S2).

4. Discussion
4.1. Species Composition

The individual rarefaction curve for the small mammal fauna suggests it is highly unlikely that
the number of species would increase significantly if the sampling effort had increased. Thus, nine
species recorded during our study probably represent the actual richness of local assemblages.
However, it reveals unusually depauperate fauna, compared to the four other national parks of the
Lower Oder catchment and Polish Baltic Sea Coast. Seven more species were trapped in those parks,
specifically Neomys milleri Mottaz, 1907 (SNP), Crocidura suaveolens (Pallas, 1811) (WMNP, LOVNP),
Arvicola amphibius (Linnaeus, 1758) (WMNP), Rattus norvegicus (Berkenhout, 1769) (SNP), Mus
musculus Linnaeus, 1758 (DNP), Micromys minutus (Pallas, 1771) and Apodemus sylvaticus (Linnaeus,
1758) (all four other national parks) [23-27]. Five of them were recorded before on the Wolin Island
by either trapping or owl pellet analysis, these were A. amphibius, M. musculus, M. minutus, A.
sylvaticus [28,29], and R. norvegicus [30]. The most recent, published dates for the occurrence of the
first three species on the island are 1962 and 1966, during the extensive survey by the Mammal
Research Institute, Polish Academy of Science, and they were reported from 3-7 localities, with M.
minutus being the most widely distributed among them [29]. Recently it is usually hard to uncover
if those records were obtained from the area recently located within the borders of WNP, as the
authors provide only the names of towns and villages, where the material comes from and these
settlements are located outside the Park. The exception is A. sylvaticus, whose specimens in the
zoological collection of the Mammal Research Institute PAS in Bialowieza (no. 61932, 61819, 61723,
61624), are labeled as collected in Wolin National Park in 1966 [31], probably identical with wood
mice reported as trapped in the same year in Miedzyzdroje [29]. R. norvegicus was recorded by us in
August 2023, based on a dead individual found at the lake shore, close to site V [32]. The occurrence
of Talpa europaea Linnaeus, 1758 on Wolin Island was mentioned in two sources [33,34] and
confirmed, indeed, from the Park itself, by observation of molehills near the sites I and V [32].
Moreover, two arboreal glirid rodents, Glis glis (Linnaeus, 1766) and Muscardinus avellanarius
(Linnaeus, 1758) were reported from Wolin Island in the first half of the 20. century [33,35,36], despite
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not being trapped in any of the national parks of the Lower Oder catchment and Polish Baltic Sea
Coast [23-27]. It should be noticed however that G. glis was recorded later in Stowinski National Park
through direct observation [37]. Finally, the occurrence of Microtus subterraneus (de Sélys-
Longchamps, 1836) was reported from the south-eastern shore of Szczecin Lagoon, about 20 km from
the borders of WNP [29], despite not being found in any of the four national parks mentioned above.
Based on that data, potential small mammal fauna of WNP may consist of even 19 species but 11 were
recorded recently, and only nine - were captured during trapping on 15 sites representing all major
habitats. This raises questions about factors behind such paucity of species in recent small mammal
assemblages of the Park, comparable to, recently discovered, similarly depauperate bat assemblages
(20).

4.2. Potential Methodological Bias Affecting the Structure of Small Mammal Samples

One of the factors behind the differences in the structure of regional small mammal assemblages
is the application of traps that are too selective and reduce the detection rate of particular taxa.
Usually, small terrestrial mammals are sampled with traps belonging to two types — traps with bait
and trigger (live- and snap traps) and pitfalls. Some papers claim that live traps are more efficient in
catching rodents, and pitfalls in catching shrews [38; 39]. However, other studies revealed that only
snap and live-traps underestimated the abundance and dominance of shrews, while the efficiency of
rodent trapping with all three types of traps remained similar [40; 41]. In some extremely diverse
biomes, using pitfalls alone may even generate higher estimates of overall small mammal abundance
and species richness, as well as rodent abundance and/or species richness than using not only live-
traps alone but also both types of traps together [42]. The study in the European boreal zone already
revealed that the application of cone traps provides a much more balanced picture of small mammal
assemblage, providing abundant material of both shrews and rodents. On the contrary, snap traps
captured not only three times less mammals but also material that remained strongly rodent-biased.
The difference was even stronger when analyzing particular species, with 70 times higher for the
smallest European rodent, M. minutus, in pitfalls than in snap traps [43]. A study on small mammal
assemblages inhabiting beaver-created wetlands in Poland provided abundant material of both
Central European Neomys species (extremely scarce in WNP) and M. minutus (not detected at all in
WNP), despite being based solely on pitfalls as a trapping device [12]. Some species might, indeed,
predominantly A. flavicollis, remain undersampled with applications of pitfalls only due to their
ability to jump out of the trap [43,44], even if they remain regularly recorded in pitfall-only trapping
studies [5,12]. To avoid that potential bias, we applied both live- and pitfall traps in most sites, if
topography allowed such an approach. Small mammal surveys in three other national parks,
compared to WNP in our study, were based on either solely wooden live traps [SNP - 25, DNP - 23],
a combination of wooden and metal live traps [LOVNP - 27] or combination of wooden live traps and
pitfalls [WMNP - 24]. May one, therefore, expect that samples from SNP and LOVNP would reveal
an underrepresentation of shrews, compared to WNP. Despite that, all that parks were characterized
by much higher contribution of shrews to small mammal assemblages (SNP - 34.6% [25], WMNP -
28.8% [24], LOVNP - 21.23% [27], DNP - 18.3% [23]) than in WNP (10.8%) where the application of
pitfalls was the most widespread. Thus, the composition of trap types in trapping schemes was
probably not a reason for the paucity of species recorded in WNP, including the scarcity of Neomys
water shrews and the absence of M. minutus. Despite some claims [45], above-ground live trapping
is not necessary for the detection of M. minutus, as the species is regularly captured in ground-level
traps [5,12,25,43], thus not applying specific trapping method remains an unlikely explanation of that
species’ absence, even if trapping efficiency for the harvest mouse appeared higher in elevated traps
than in-ground ones [46].

Neither pitfalls nor live traps are effective trapping devices for the detection of T. europaea and
Gliridae, even if they fall, sometimes, into pitfalls [5,47]. Their absence in the WNP sample can be
explained by systematic bias in our methodology but these species were neither captured in any other
part of the region [23-27]. It is worth noticing, however, that even live trapping dedicated to M.
avellanarius (live traps set above the ground, on hazel branches) in its optimal habitat in WNP (site V,
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oak-hornbeam forest - [48]) failed to detect it. It must be also stressed that R. norvegicus is rarely
captured in typical small mammal traps [25,49], probably due to large body size, despite widespread
occurrence across the whole Polish territory [29]. However, even if taking into account only the
species for which the applied method is considered optimal (i.e. epigeic taxa with body size lower
than R. norvegicus), still may one expect to capture 15 species of small mammals, based on their
geographical ranges and habitat preferences.

4.3. Factors Leading to Depauperation of Small Mammal Assemblage

The exceptionally low number of species in small mammal fauna of WNP would be explained
by the geographical position of the Park if it is located outside of geographical ranges of missing
species, recorded in the other national parks of Lower Oder catchment and Polish Baltic Sea Coast.
However, it is highly unlikely that biogeography plays a major role here. Most species that were
present in the mentioned region but not recorded in WNP cover the entire Poland and Germany by
their ranges, this applies to A. amphibius, M. minutus, M. musculus, and A. sylvaticus [29,50].
Nevertheless, three taxa reach their border of distribution near the Oder estuary and their absence in
WNP (and - historically - on Wolin and Uznam Islands in general) may be explained by that fact. N.
milleri reveals a disjunctive distribution pattern in Europe, with an isolated Pomeranian part of its
range [51], ending just at the western Polish border (coinciding roughly with Lower Oder Valley) and
not extending to northern Germany at all [50]. The nearest known localities of N. milleri were reported
about 30-40 km to NE and SE from the borders of WNP, on the Pomeranian mainland [29]. Among
the four compared national parks, only SNP, located furthest to the east, appeared to host a
population of N. milleri [25]. Also, M. subterraneus does not occur in northern Germany, thus the
western border of its distribution on Central European lowlands almost overlaps with the Polish
western national border [50]. C. suaveolens in Poland is widely distributed across the southern and
western part of the country but it reaches the northern edge of its range in mainland western
Pomerania, with its northernmost record in the region of the Oder estuary located about 30 km from
the borders of WNP [52]. M. subterraneus reveals a very patchy distribution in northern Poland, while
A. sylvaticus is much rarer and more local in the northern than in the southern part of Poland [29],
which can contribute to the lack of these species in recent small mammal samples from WNP. It
should be kept in mind, nonetheless, that A. sylvaticus was already recorded in the Park [31]. Even if
regional borders of distribution can exclude 3-4 taxa from potential fauna of WNP, still local small
mammal assemblages should consist of at least 12 species.

Differences in habitat composition and land cover may account for differences in species
composition and diversity of small mammal fauna among compared national parks. It is, however,
unlikely in the case of WNP. M. minutus, the most noticeable rodent species, common in the whole of
Poland and occurring in all the other national parks of the region, but absent in WNP, clearly would
find its preferred habitats here. It selects non-forest habitats with high herbaceous vegetation,
including wetland ones, especially reed beds [46,53] and sedge communities [5], but particularly
sparse reeds with sedge undergrowth [54], which are abundant in the lowland part of the Park,
associated with alluvial delta and represented by the sites XIV and VI. A. amphibius selects simply
water bodies and wetland habitats, irrespectively of dominant vegetation [55] and such habitats cover
more than a half of the whole park area and are represented by six sites in our sample (I, IV, VI, VII,
XIIL, XIV). Similarly, the extreme scarcity of N. fodiens, which contributed to generally low species
diversity, as revealed by species accumulation curves, requires explanation, as the species is just
associated with water [5,56] and various types of wetlands, both forest and non-forest ones. In
Poland, it is especially numerous in black alder swamp forests [47,57], reedbeds, and sedge
communities [57,58]. Except for site I, where it was captured, it might be expected to occur in
abundance in sites IV, VI, VII, and XIV, and at least some of them might also host N. milleri if it occurs
in the Park. A. sylvaticus is a species associated with dry, open, or semi-open habitats, including
xerothermic swards [47,59], shrubs (e.g. hedgerows), ruderal communities and arable land [47,60].
Several features of that habitats are represented in sites VIII (active marine cliff) and III (mesic
meadow) but A. sylvaticus is known also to occupy wetland habitats [61], forests and their ecotones
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[62], albeit in lower numbers. Therefore we sampled a broad spectrum of potential habitats of that
eurytopic species, yet all individuals representing subgenus Sylvaemus that we managed to examine
in hand revealed unambiguous morphological features of A. flavicollis. The only group of small
mammals that may indeed suffer from the scarcity of their specific habitats are the synanthropic
species (M. musculus and C. suaveolens) as rural buildings and their surroundings, e.g. gardens (site
IX), are only a few within the borders of the Park and may not be able to sustain their populations.
General habitat parameters that are known to be positively correlated with small mammal diversity
and density (percentage of actual deciduous tree stands [6] or abundance of coarse woody debris
[63,64] do not seem to be factors responsible for paucity of species in the WNP, as the majority of
forest cover is composed of broadleaved species, while recent restoration efforts and long term
passive protection in the oldest stands led to abundance of deadwood. Finally, many sampled
habitats belong to either early successional stages or ecotones that are known to harbor the highest
number of species elsewhere in lowland Central Europe [62].

The whole study was conducted during one season, while small terrestrial mammals often
reveal long-term population cycles or irregular fluctuations. Differences in population densities
between minima and maxima of these cycles can, in the case of rodents, hit one or two orders of
magnitude in the temperate broadleaved forest zone of the Palearctic [65,66]. Therefore, surveys
conducted during minima of particular species might not only reveal low contribution to the
quantitative structure of small mammal assemblage but even not be able to detect them. M. minutus
reveals irregular interannual fluctuations, sometimes with maximum increases over five-fold and
maximum decreases about fifteen-fold [67]. Although we may have conducted our trapping during
a year when the population numbers of M. minutus were low, it's important to note that these
minimum numbers do not appear to drop as significantly as the populations of other microtine
species or woodland rodents that experience fluctuations associated with mast seeding [65,66]. In
Lithuania, the long-term stability of the M. minutus population was revealed by trapping and owl
pellet analysis, with only little interannual variation [68]. Both surveys in the compared national
parks and other surveys in optimal habitats of M. minutus in northern Poland were conducted in
various years but did not fail to detect that species (1997 - 69, 1998 —[23], 2012-2013 — [24], 2008-2014
- [25], 2021 — [26], 2022 — [27], 2020-2021 — [12]). Shrews in Europe reveal no population cycles but
some irregular fluctuations, correlated among many distant areas and attributed mostly to effects of
the North Atlantic Oscillation [70]. In Lithuania, peaks of their abundance, sometimes ten-fold higher,
may occur even 20 years after the minima [71]. Conducting our trapping during one of such minima
may partially explain the exceptionally low proportion of shrews, compared to the other national
parks of the region. Population outbreak of A. flavicollis and C. glareolus, following the mast year of
beech in 2022 [32] led to their dominance in small mammal assemblages in several habitats, as high
heavy seed crop usually boosts such outbreaks [72], and consequently to the low proportion of
shrews in our samples. However, it does not explain scarcity or (in most cases) the absence of N.
fodiens in the Park so rich in aquatic and wetland environments. Water shrews may also reveal strong
interannual variation in abundance, reflected in changes of trappability even from 0 to 30
individuals/100 pitfalls but such strong fluctuations were known only from southwestern Siberia [73].
There is not much data about the population dynamics of N. fodiens in Europe but e.g. in Lithuania,
the species follows no long-term population trend, while its numbers show only a limited and
irregular interannual variation. Nonetheless, there are years in which there are fewer water shrews
captured than expected but the difference does not exceed factor 1.3-1.4 [71].

Wolin, from a biogeographic and paleogeographic point of view, is a continental island, while a
significant part of WNP is located on smaller, alluvial islands of the regressive delta. The main island
itself formed in the Atlantic period (5700-8900 BP), during marine transgression of the Littorina Sea,
the previous development stage of the Baltic, that led to the separation of moraine hills from the
mainland and from their western counterparts, recently forming Uznam Island [74]. Surrounding
brackish channels and lagoons form barriers that obstruct the immigration of small terrestrial
mammals into the islands. Although the Dziwna channel is only 90 m wide in the narrowest part, it
may act at least as a filter for small mammal movements. A Slovakian river 35 m wide restricted the
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mobility of small rodents, even if they occasionally crossed it [75] and most terrestrial small mammals
do swim effectively [76,77]. The limited immigration and, consequently, lack of replenishment for
local populations may lead to extinctions and species turnover, as predicted by the theory of island
biogeography [78]. The diversity of insular mammals follows the same patterns as in the case of the
other taxa, i.e. it is lower than on the mainland and positively correlated with island size and
negatively correlated with island isolation [79,80]. These phenomena are not restricted to geologically
old, marine islands distant from the shore. Islands created by the inundation of surrounded land by
reservoirs created by hydroelectric dams follow a clear pattern of faunal depauperation, similar to
continental, land-bridge islands, with positive species-area relationship and correlation between
faunal nestedness and area, resulting from selective extinction [81]. Both diversity and probability of
occurrence of particular species of small mammals inhabiting temperate and boreal zone islands
located on marine shelf and postglacial lakes are affected either by area only [82,83] or both area and
isolation [17,84]. Rodent and shrew populations on these islands suffer from regular extinctions at
the scale of 60 [82] or even 5 years [84]. According to our knowledge, the comparable data on small
mammals of land-bridge islands of the Baltic Sea were collected in Denmark. The dataset of 31 islands
and 12 species revealed the negative effect of isolation on species richness and the presence of 5
species, while the nested species distribution pointed to interspecific differences in both dispersal
abilities and extinction risks [85]. Winter ice improves the colonization of temperate zone islands on
lakes or coastal marine waters by small, non-volant mammals [83]. However, the number of days
with ice cover on the Szczecin Lagoon declined significantly during the last 70 years due to rising
temperatures [86], making the dispersal of small mammals to the islands harder and harder,
especially when the narrowest points of the Dziwna channel, recently crossed by bridges, are located
in the urbanized zones. Scarce, mostly quantitative, historical data do point to the species turnover
and either local extinctions or shifts in the structure of small mammal fauna on Wolin Island.
Trapping and owl pellet data from 1962 and 1966 from Wolin Island revealed not only the presence
of the three species we failed to detect but also a much more widespread occurrence of A. sylvaticus
(6/7 localities) than A. flavicollis (2/7 localities) [29], the latter recently being the most widespread small
mammal in WNP (10/14 localities). Thus, the low diversity of small mammals of WNP might be
attributed to island isolation, probably increasing with worsening ice conditions. Similarly
depauperate is the bat fauna of WNP, however, it resulted rather from a combination of natural and
anthropogenic disturbances in the Park ecosystems and its neighborhood that led to the expansion
of single, hyperabundant species [20], as neither area nor isolation affects the diversity of volant
mammals on islands located so close to the shore [83].

4.4. Structure of Small Mammal Assemblages and Habitat Selection by Particular Species

Despite the relative paucity of species and lack of some taxa known elsewhere to be characteristic
to specific habitats sampled in the Park, several features of small mammal assemblages and habitat
selection of particular species resemble data obtained from the other regions of Central Europe,
including Poland. The most numerous species, C. glareolus, and A. flavicollis usually predominate in
mesic and acidophilic woodlands, including beech, oak, and hornbeam forests that provide abundant
heavy seeds [5,47,87]. Yet, A. flavicollis, considered a woodland species, was abundant - or even
dominant - in non-forest habitats as well; it should be noticed, however, that all those patches were
located close to the forests. Such ecological plasticity of A. flavicollis was observed in SE Poland, where
the species regularly occurred in open habitats, even dominating on arable fields [47] and the species
is known to reveal density-dependent spillovers to the habitats outside woodlands during beech mast
years [88].

Except for C. glareolus, microtine rodents revealed astonishingly low contribution to small
mammal assemblages, compared to the previous studies from Polish lowlands if they covered
substantial areas of open habitats and eutrophic wetlands [24,57,61,89]. It may relate to the low
abundance of these mammals during the minimum phase of their population cycle [65]. However,
their populations, and consequently their percentage in assemblages, might already stabilize at the
low level, due to widespread cycle dampening throughout Europe [90]. Nevertheless, their
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dominance is the highest in the habitats considered typical for these species in Central Europe. M.
arvalis in Poland, outside preferred arable land, is often restricted to non-forest dry habitats, like
meadows [47,61] or coastal dunes [91], i.e. those occupied in WNP. On the contrary, A. oeconomus is
a specialized wetland species, predominating especially in fen communities with sedges and reeds
[5,57,61], characteristics much resembling the site where it was captured in the Park (VI). M. agrestis
is considered a hygrophilous species that may occur in various habitats, like humid meadows on
forest glades [47] and peat bogs [49] but in eastern Poland it becomes a woodland species [5]. It
corresponds with its occurrence in wet meadows, reed beds, and black alder swamp forests of the
delta (but not the upland ones). Its habitat preferences in WNP align with much more numerous
murid, A. agrarius. The latter species, except preferred arable land, is known to occur in various,
poorly defined, wetland habitats, reaching high dominance indices in reed beds and meadows
[47,57], which may partially correspond with its habitats in alluvial delta on Wolin Island.

The highest diversity of small mammals in the wetland delta, predominated by early succession
stages, follows a general trend in the temperate zone [92,93]. Some notable differences between our
and earlier studies included a much higher proportion of S. minutus than S. araneus in most habitats.
In the majority of earlier studies, the latter species is usually the dominant shrew in Central Europe
[5,25,87,94,95] except either the extremely oligotrophic [49] or very wet habitats [12]. Several papers,
however, mention the high abundance of S. minutus in black alder swamp forests, which sometimes
leads to higher dominance of that species, compared to S. araneus [25,47,57], which corresponds with
the situation observed by us in upland wetland forests of WNP.

Data from salt marsh (halophytic meadows) require special attention, as small mammals are
rarely sampled in that specific habitat in Europe. Contrary to North America, where a group of
unique small mammal taxa is restricted to the coastal salt marshes, no such specialists evolved in
Afro-Eurasia [96]. Few species were recorded in the respective habitats of temperate Europe, which
seem to be extremely depauperate if compared to freshwater, eutrophic wetlands, like fens. M. arvalis
was the most common species in one Dutch coastal salt marsh, accompanied only by scarce M.
musculus [97], while on the Danish island of Sproge C. glareolus predominated, accompanied by single
A. sylvaticus [98]. According to our knowledge, A. agrarius has never been reported from such a
habitat before, yet in WNP it appears to be the dominant, if not sole, small mammal there. On the
contrary, inland salt marshes in Slovakia, harbor 15 species of small mammals (including A. agrarius
and five shrews) but the trapping was conducted there during 19 years on 7 sites [99].

4.5. Small Mammal Zonation in the Wolin National Park Forced by Topography?

A unique feature of small mammal fauna in WNP is the division of the Park into two distinct
zones - moraine hills (upland), where A. flavicollis is widespread in both forest and non-forest
habitats, with A. agrarius almost lacking, and alluvial delta (lowland), where A. agrarius plays a
similar role, while A. flavicollis is almost absent, even in woodlands. Additionally, a secondary feature
of the lowland assemblages is a significant percentage of M. agrestis, present only there, and scarcity
of C. glareolus, otherwise the most numerous species in the study area. We do not know if that division
is a short-term phenomenon, associated with e.g. population cycles, desynchronized among habitats,
or a more permanent element of the Park biogeography. It might be shaped and maintained by the
presence of natural and anthropogenic barriers between the two parts of WNP that restrict the
movements of small mammals and the chance for successful immigration. These barriers consist of
the city of Miedzyzdroje with its densely built-up urban zone, associated road infrastructure,
including an intensively used expressway and an interchange during construction [100], and waters
of the Lake Wicko Mate, i. e. an extension of Szczecin Lagoon. In consequence, there is no continuity
between the forests of the upland part of the island and its lowland counterparts, located on a
peninsula with a narrow base, occupied by the city and the roads leading to it, while the only natural
habitat connecting both parts of the Park is a narrow stripe of reed beds. Urbanized areas and roads
do not represent impermeable barriers for either A. agrarius or A. flavicollis, which both are known to
successfully colonize isolated green areas in large cities [101,102]. They may, however, act as a
selective filter for mammal species [103], even during population outbreaks, like those following mast
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years for beech and oak, when dominant woodland rodents may increase their presence in the
neighboring suboptimal habitats [88], especially open areas and wetlands.

5. Conclusions

Our study revealed a unique quantitative structure of a small mammal assemblage in a Central
European national park, characterized by an exceptionally low species richness and diversity, with
some species characteristic for some habitats abundant in the park, notably wetland ones, either
extremely scarce or completely absent. Historical data provide evidence for the occurrence of the
recently absent species on the coastal marine island, at which the park is located. We suppose that
the described species’ paucity, compared to the other national parks of the region, can be explained
within the framework of island biogeography, mainly the increased chance of local extinctions and,
consequently, species turnover, during minimum phases of their population cycles or fluctuations.
The effect appeared to be strong enough even though the water barrier separating the island from
the mainland is, at its narrowest point, no wider than some larger rivers in the region. The location
of the park at the edge of the regional distribution of three further small mammal species may
contribute to the depauperation of local assemblages as well. The hypothesis will, however, remain
speculative until the equally extensive sampling in the part of the island outside the park border is
conducted. Another distinct feature of small mammal assemblages revealed during our survey, is the
effect of broad-scale topography, affecting the clustering more than local vegetation, usually
considered a crucial factor shaping the species composition of epigeic rodents and shrews. We link
that to the further, intra-insular barriers, acting as dispersal filters, at least partially associated with
anthropogenic effects, namely urbanization and development of road infrastructure. Our study
confirmed that even the young, land-bridge islands, developed after the last glaciation and located
very close to the shore, may develop faunal specificity unknown from similar mainland areas. In the
case of Wolin Island, the situation of small terrestrial mammals superficially resembles that of bats,
however, we assume a completely different set of factors responsible for that.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Table S1: Species composition of small mammals trapped at particular study
sites, presented as proportion of captures of each species, used for cluster analysis (Figure 2); individuals
identified only to genus or genus-group were excluded; Table S2: Species composition of small mammals in the
five national parks of the northwestern Poland and northeastern Germany, presented as number of captures of
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