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Simple Summary: The abundance and distribution of rodents are driving factors in shaping ecosys-
tem structure and functioning. In the Mediterranean region, the wood mouse is among the main
representatives of small mammal communities, inhabiting both fields and different woodland types.
The former are strongly seasonal environments which can represent a temporarily suitable habitat
for mice. We investigated the seasonal pattern of wood mouse occurrence in three different habitats
(fields, oak forest, and coniferous plantation) in central Italy, monitoring the number of captures
and the population structure of the wood mouse for three years. We found that, unlike woodlands,
fields are less suitable in autumn-winter than in warmer months, being characterized in colder
months by a lower number of mice, a lower number of adult and reproductive individuals, lighter
individuals, and a higher number of resident mice. Conversely, in spring—summer, we observed an
increase in individuals caught in fields, especially breeding adults. These seasonal variations provide
evidence that fields can represent a suboptimal habitat in this area, whilst playing, at the same time, a
potential role as a source of food and cover resources and mates for mice in spring-summer. Our
study contributes in filling the knowledge gap on wood mice ecology in the Mediterranean region.

Abstract: The wood mouse Apodemus sylvaticus is common in woodlands and open areas of the
Western Palearctic. Despite extensive research, little is known about its population ecology in fields in
the Mediterranean area, where the climate involves great seasonal changes in environmental features.
Here, we investigated wood mice seasonal fluctuations in the number of captures and population
structure by sampling long-fallow fields and woodlands, i.e., oak forest and conifer plantation, in a
heterogeneous landscape of central Italy. Mice were live-trapped every two months for three years
(23.814 trap-days). The number of captures, mice body weight, and proportion of adult, residents
and breeding individuals were analyzed. Mice dynamics changed across seasons and habitats. In
fields, we recorded more captures, more reproductive individuals, and fewer non-adults and resident
individuals in the warmer months compared to the colder months; mice were heavier in warmer
months. During the cold season, the captures and adult proportion in fields were lower than in
resource-rich woodlands. Breeding and non-resident mice were more abundant in fields than in
woodlands in warmer months. Overall, the seasonal demographic variations we recorded provide
evidence that fields can represent a suboptimal habitat in Mediterranean heterogeneous landscapes,
acting nonetheless as a source of food resources, cover, and mates for mice in spring-summer.

Keywords: rodents; Apodemus; Mediterranean; demography; fallow

1. Introduction

The abundance and distribution of small mammals are driving factors in shaping
ecosystem structure and functioning [1]. Rodents play a crucial role in supporting a wide
range of predators, being a common prey for several species [2-5]. Moreover, they act
as seed consumers and dispersers, directly affecting the natural regeneration and cover
structure of plants [6,7], with cascading effects on all trophic levels. On the other hand,
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rodents also play an important role as reservoir hosts for vector-borne disease agents [8,9].
Thus, the knowledge of the occurrence and population dynamics of rodents is fundamental
to understand the functioning of an ecosystem.

The wood mouse Apodemus sylvaticus is commonly found in the ground-dwelling ro-
dent communities of the Western Palearctic. As a habitat generalist, this species can inhabit
both open areas and different woodland types [10-13]. It is widespread in agro-forestry
systems, when canopy and shrub cover are present. Although it is mainly granivorous,
the wood mouse shows a marked feeding plasticity and it can also feed on fruits, plant
green parts, fungi, and invertebrates [14,15]. It is, in turn, an important food source for
many species of mammalian carnivores, raptors, and snakes [16-18]. It has been reported
to show seasonal habitat preferences in agricultural landscapes, residing in woods and
hedgerows during the winter months and moving to arable or unmanaged fields in the
summer [19-21]. In this sense, a recent study conducted in a heterogeneous landscape of
England has suggested that seasonal movements between patches may explain A. sylvaticus
captures recorded in late spring, i.e., a decrease in abundance in woodlands and the associ-
ated increase in captures in arable lands [22]. Seasonal movements between habitats may
be enhanced by density-dependent processes such as resource depletion, interference, or
aggressive encounters, which push individuals, especially juveniles and subordinate ones,
to leave and move to acquire resources or mates [23-27]. Seasonal fluctuations of mice
populations can also be driven by the changes in vegetative cover and food availability,
which are determined by the phenology of herbaceous species in fields and fallows. These
strongly seasonal environments, when covered by dense and tall vegetation offering a
high seed availability [19,22], can represent a temporarily suitable habitat for opportunistic
species. However, population abundance alone is not able to define the role of habitat
quality for the species (e.g., sink habitats inhabited by numerous individuals, [27-29]).
Evaluating other population characteristics (e.g., age class, and reproductive and resident
individuals) is thus needed to gain a deeper understanding of the habitat suitability and
use by mice.

Seasonal variation in the abundance and population composition of A. sylvaticus has
not been extensively studied in the Mediterranean area, where this species is among the
main representatives of the ground-dwelling rodent communities and the climate involves
great seasonal changes in environmental features. Taking into consideration these facts,
we aimed to contribute in filling this knowledge gap studying the seasonal pattern of
A. sylvaticus occurrence in a heterogeneous landscape of central Italy, characterized by long-
fallow fields surrounded by woodlands. The latter are represented by recently coppiced
oak forests and conifer plantations. Both have dense understory vegetation and high fruit
production, as shown by the surveys we carried out in the same study area [30], and are
likely to represent a higher quality habitat compared to open areas all year round. In fact,
woodland trees and shrubs can provide vertical cover and refuges from predators (including
avian and mammal ones) and additional food [29-31]. On the other hand, fields can provide
trophic resources as well as protection from predators due to the herbaceous cover mainly
from the end of spring to the beginning of autumn, according to the phenology of naturally
occurring weedy species [32]. Based on the seasonal availability of food resources and
vegetation refuges, we thus predicted that, unlike woodlands, fields would be less suitable
in autumn-winter than in warmer months. In particular, compared to the latter period,
fields in autumn-winter were expected to be characterized by a lower wood mice number,
body mass, and overall number of resident and breeding individuals, whilst having a higher
proportion of non-adult individuals. Furthermore, we expected to observe an opposite
pattern in spring-summer, with an increase of individuals exploiting fields (especially
breeding adults searching for mates), and a similar body mass of A. sylvaticus individuals
across all habitat types.
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2. Materials and Methods
2.1. Study Area

La Selva Forest (43°13' N, 11°4’ E) is located 45 km from Siena, in central Italy, with
an altitude between 350-700 m above sea level. It lies within the Mediterranean climatic
region (sensu Koppen-Geiger classification, [33]) which is characterized by warm dry
summers (mean monthly temperature of about 23 °C) and cool wet winters (mean monthly
temperature of about 4 °C) with an average annual rainfall of about 750-1600 mm. The
area appears as a mosaic of different habitat types including long-fallow fields surrounded
by forests. The former had been cultivated up until ten years prior to the study, and,
during the study, those fields were vegetated by spontaneous grasses and herbaceous
plant species, without any anthropogenic activity. The surrounding lands are covered by
deciduous woodland dominated by Quercus cerris, with a mixture of Q. pubescens and other
deciduous woody species [34]. Coppiced stands were logged in different years and thus
appear at different successional stages, with recent coppices being characterized by a high
shrub cover and low tree density [30]. Furthermore, as unproductive lands were afforested
with Pinus nigra and P. halepensis during the past century [35], the surrounding lands are
also covered by conifer plantations with abundant shrub undergrowth [30]. Apodemus
flavicollis and Clethrionomys glareolus (formerly Myodes glareolus), along with the wood
mouse, constitute the ground-dwelling rodent community inhabiting both woodland types
in our study area [30]. These two species are instead only occasionally recorded in fields
within La Selva Forest [36].

2.2. Study Design

Three independent sampling areas (i.e., located at least 500 m apart [1]) were selected
for each of the three habitat types (i.e., fields, oak forests, and conifer plantations). In each
sampling area, we used a trapping grid with 49 traps (7 x 7 with traps spaced 10 m apart).
To minimize the edge effect from neighboring habitats, the grids were placed at least 100 m
apart from the habitat border. Each of the 9 grids was trapped every other month for three
years, starting from September 2011 to July 2014, for a total of 18 trapping sessions. During
each session, live traps (Sherman and LOT traps) were active for three consecutive nights,
baited with a mixture of sunflower seeds, peanut butter, and apple, and provided with
hemp nesting material. Trap check was conducted daily in the early morning. Captured
individuals were identified at species level, sexed, aged, weighed, and reproductive status
was assessed [37]. The weight of the animal was measured using Pesola spring balance
(accuracy of 1 g). In accordance with [38], mice were assigned as juveniles, subadults, or
adults when their weight was <13.0 g (juveniles), 13.5-19.5 g (subadults), or >20 g (adults).
We cross-validated this weight-based classification through morphological traits such as
moult and reproductive attributes and through information derived from recaptures of
the same individuals. Evidence of reproductive activity was defined by visual parameters,
such as development of testes for male, and development of nipples and opening of vagina
for females. Pregnancy was defined according to abdomen form. Animals were marked
by toe clipping and released at the place of capture. Although toe clipping is no longer
recommended because of its possible implications for animal welfare [39], at the time of the
study, this method was adopted by the scientific community for rodents also in field studies,
as it ensures individual recognition throughout the animal’s life. Our study indeed is based
on data collected only in the initial part of a larger investigation on rodent population
dynamics where the loss of individual recognition would have undermined the validity of
the entire research project. We have been using PIT tags for ten years now, as models of
suitable size for our target species (1.25 x 8.5 mm) have become commercially available.
Furthermore, since field identification of A. sylvaticus and its sister species A. flavicollis is
particularly challenging in southern Europe, molecular analyses were performed in order
to correctly identify the mice species [40]. DNA was extracted from ethanol-preserved
ear clippings, which were dried under chemical hood for two hours and then digested
overnight in 0.5 mL lysis buffer (100 mm Tris HCI pH 8.5; 5 mm EDTA; 0.2% SDS; 200 mm
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NaCl; 1 mg/mL Proteinase K) incubated at 37 °C. The molecular identification of species
was performed through PCR with species-specific primers following the procedures and
PCR conditions described in [41].

The field protocol for live trapping and manipulation of animals took place in com-
pliance with the European Council Directive 92/43EEC (Italian law D.Lgs 157/92 and LR
3/1994) and with the European Council Directive 86/609/EEC (Italian law D.Lgs 116/92),
and was approved by Regione Toscana, with the supervision of the committee of the Ital-
ian Institute for Environmental Protection and Research (ISPRA) (Regione Toscana, DR
5493/2010 and DR 6063/2012).

Finally, as vegetation height and cover are known to affect small mammal occurrence
in fields [42,43], we measured grass height and cover in fields during trapping sessions
in order to investigate their potential influence on number of mice captures. The mean
grass height and the percentage of herbaceous cover (i.e., four percentage class: 0-25%;
25-50%; 50-75%; and 75-100%) were calculated by averaging four measurements inside
two random quadrats (20 m x 20 m) per grid.

2.3. Statistical Analyses

Data of the three sampling areas were cumulated by habitat type. Data from different
years were cumulated by trapping session. In order to assess potential seasonal changes
in number of captures, composition of population, and individual body weight, trapping
sessions were grouped by season, i.e., spring-summer (May, July, and September, hereafter
referred to as “hot season”) and autumn-winter months (November, January, and March,
hereafter referred to as “cold season”). We grouped sessions based on the availability of
trophic and cover resources, which varies seasonally in our study area [31].

Differences in trappability are a general problem in field studies of small mammals,
since they may lead to biased samples. We assumed mouse detectability to be constant
over time and space, since it was found to not vary significantly among seasons in our
study area during a previous investigation [30] and to not be affected by habitat type in
similar study conditions [44]. However, we cannot exclude lower detectability of juveniles
compared to adults due to trap-shy behavior [45].

The existence of significant differences in the number of captures among habitat types
was explored for each session by Chi-squared test (x?; [29,46]). The same test was used
to compare the number of individuals caught both between hot and cold season and
among the three habitat types, in accordance with [29]. The overall sex ratio was tested
for deviations from the balanced sex ratio (1:1) in each habitat type through a two-sided
binomial test, revealing no deviation from 1:1 in all three habitats (fields: p = 0.645; oak
forest: p = 0.077; and conifer plantations: p = 0.439). Thus, merged data of both sexes were
analyzed.

In order to estimate the proportion of reproductive individuals, we considered only
potentially breeding mice (subadult and adult ones), whereas for the estimation of the age
structure, we considered the proportion of non-adult individuals (juvenile and subadult
ones). We excluded non-adult individuals and pregnant females from body weight analysis.
Moreover, we computed the percentage of resident individuals, i.e., the proportion of mice
captured more than once across sessions in the same trapping grid.

The number of breeding individuals, non-adult, and resident individuals in each
habitat type were compared both between hot and cold season and among the three
habitats by Chi-squared test (x% [29]). Mice weights were compared between hot and cold
season by non-parametric Wilcoxon test and among the three habitat types using the non-
parametric Kruskal-Wallis test [46]. If significant differences were found (p < 0.05), pair-wise
comparisons were performed with a post-hoc Dunn’s test for multiple comparisons [47].

Correlation between grass height and number of captures in fields was evaluated by
Kendall rank correlation coefficient [48].

All analyses were performed in R version 4.1.3 [49]. The package dplyr [50] and the
package ggplot2 [51] were, respectively, used for data manipulation and graphical outputs.
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3. Results

We recorded 341 captures of 245 different wood mice (75 individuals in fields, 63 in
oak forests, and 107 in conifer plantations) over 23,814 trap-nights. All rodents captured
in fields belonged to A. sylvaticus, with the exception of two A. flavicollis and one C. glare-
olus. Conversely, in the oak forest, wood mice represented only 12% of overall captures
(A. flavicollis 52% and C. glareolus 36%). Finally, conifer plantations were inhabited by all
three species, with bank voles being captured less frequently (A. flavicollis 46%; A. sylvaticus
33%; and C. glareolus 21%).

The number of A. sylvaticus captured was significantly different among habitat types
in the cold season (x? = 71.614, df = 2, p < 0.001), whereas no differences were recorded
during warmer months (x? = 4.282, df = 2, p = 0.118; Figure 1a). At a more detailed scale, the
number of captures was significantly higher in conifer plantations in January (x> = 25.962,
df =2, p <0.001), March (x? = 36.366, df = 2, p < 0.001), and November (x? = 12.936, df = 2,
p = 0.002) (Figure 1b). In September, wood mice were more frequently captured in fields
(49% of total captures) than in oak forests (20%) and conifer plantations (31%) (x> = 10.889,
df =2, p =0.004), whereas in May (x? = 0.737, df = 2, p = 0.692) and in July (x? = 3.063, df = 2,
p = 0.216), they were equally captured across all habitat types (Figure 1b). The number
of captures was lower in the cold season than in the hot one in fields (x* = 30.6, df = 1,
p < 0.001), while an opposite trend was found for conifer plantations (x> = 23.68, df = 1,
p < 0.001; Figure 1a). The oak forest showed a comparable number of captures throughout
the year (x2=0.61,df =1, p = 0.433; Figure 1a,b).
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Figure 1. Number of wood mice caught in long-fallow fields (Field), recently coppiced oak forest
(OF), and conifer plantations (CP) in central Italy over three years. Data were reported at: (a) seasonal
scale (cold season: November, January, and March; hot season: May, July, and September); (b) capture
session scale (every other month). Significant differences between treatments are indicated as
**p <0.01, *** p <0.001.

Breeding individuals made up most of the rodent captures, reaching 75% of overall
captures (64 individuals) in fields, 68% (103 individuals) in oak forests, and 58% (60 in-
dividuals) in conifer plantations. The proportion of mice with evidence of reproductive
activity differed across habitat types only during the hot season, but not in the cold one
(hot season: x? = 19.414, df = 2, p < 0.001; cold season: x% =4.425,df =2, p = 0.109; Figure 2).
Breeding individuals were less frequent in colder than in warmer months in fields and
conifer plantations (fields: x2=29.134,df = 1, p < 0.001; conifer plantations: x% = 6.831,
df =1, p < 0.01; Figure 2), whilst no seasonal differences were recorded in oak forests
(x*> =0.062, df = 1, p = 0.803; Figure 2).
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Figure 2. Percentage of breeding wood mice (median + IQ) caught in long-fallow fields (Field),
recently coppiced oak forest (OF), and conifer plantations (CP) in central Italy over three years. Data

were reported at seasonal scale (cold season: November, January, and March; hot season: May, July,
and September).

Adults comprised the bulk of the rodent populations, and the overall proportion of
non-adult individuals did not significantly differ across habitat types (H = 1.93, df = 2,
p = 0.38), reaching 22% of overall captures (19 individuals) in fields, 16% (16 individuals)
in oak forests, and 28% (39 individuals) in conifer plantations. However, at the seasonal
scale, the proportion of non-adult mice in fields was higher than in woodlands during the
cold season, but not in the hot one (cold season: x? = 8.467, df = 2, p = 0.015; hot season:
x2=0.481,df =2, p = 0.786; Figure 3). Non-adult mice were more frequent in the cold
season than in the hot one in fields (x = 11.455, df = 1, p < 0.001), whereas no seasonal
differences were observed in woodlands (oak forest: X2 = 0.007, df = 1, p = 0.934; conifer
plantations: x2 =2.146,df =1, p = 0.143; Figure 3).

In fields, the overall frequency of resident individuals was lower compared to wood-
lands, with 9% (seven individuals) of mice captured more than once in fields, 40% (25 indi-
viduals) in oak forests, and 31% (33 individuals) in conifer plantations. Resident individuals
occurred with comparable frequency in all three habitat types in the cold season (x* = 0.819,
df = 2, p = 0.664), whereas, in warmer months, we found inter-habitat differences in the
percentage of residents (x? =28.019, df = 2, p < 0.0001; Figure 4). Resident mice inhabited
fields mainly in the cold season (x2 =4.339, df =1, p = 0.037), whilst, in woodlands, the
proportion of residents followed an opposite trend (oak forest: x> = 6.630, df = 1, p = 0.010;
conifer plantations: x> = 6.622, df = 1, p = 0.010; Figure 4).
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Figure 3. Percentage of non-adult wood mice (median =+ IQ) caught in long-fallow fields (Fields),
recently coppiced oak forest (OF), and conifer plantations (CP) in central Italy over three years. Data
were reported at seasonal scale (cold season: November, January, and March; hot season: May, July,
and September).
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Figure 4. Percentage of resident wood mice (median + IQ) caught in long-fallow fields (Field),
recently coppiced oak forest (OF), and conifer plantations (CP) in central Italy over three years. Data
were reported at seasonal scale (cold season: November, January, and March; hot season: May, July,
and September).
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Body weight was significantly different across habitat types in the cold season (H = 9.6,
df = 2, p = 0.008), with lower values in fields than in oak forests (p = 0.007; Figure 5)
and in conifer plantations (p = 0.045; Figure 5). On the other hand, body weight did not
significantly differ between the habitat types in the hot season (H = 5.45, df = 2, p = 0.066;
Figure 5). The body weight of mice caught in fields was lower in the cold season than in
the hot one (Z = 33.5, p < 0.001), whereas no difference was found for those captured in
woodlands (oak forest: Z = 925, p = 0.052; conifer plantations: Z = 645, p = 0.068; Figure 5).
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Figure 5. Body weight (median + IQ) of wood mice caught in long-fallow fields (Field), recently
coppiced oak forest (OF), and conifer plantations (CP) in central Italy over three years. Data were
reported at seasonal scale (cold season: November, January, and March; hot season: May, July, and
September). Significant differences between treatments are indicated as * p < 0.05, ** p < 0.01. Outliers
are showed as e.

The percentage of herbaceous cover always fell within the highest class (i.e., 75-100%)
in each grid in all trapping sessions, evidencing thus the presence of a continuous and
persistent cover throughout the year. Grass height followed seasonal variations, varying
from 20.4 (£10.4) cm in colder months to 58.2 (+23.4) cm in warmer months. However, we
did not find a significant relationship between grass height and number of mice captures in
our study area (Kendall’s T = 0.153, z = 1.166, p = 0.244).

4. Discussion

The main aim of this study was to shed light on seasonal changes in the number of cap-
tures and population composition of wood mice in a seasonally suitable and usable habitat
(i.e., fields) as opposed to surrounding woodlands (i.e., oak forests and conifer plantations)
in a heterogeneous Mediterranean landscape. Our findings support the hypothesis that
A. sylvaticus dynamics changed according to season and habitat type in our study area [22].
These results are supported by growing literature evidence suggesting that differences in
habitat quality play an essential role in determining individual distribution, as well as in
regulating temporal and spatial rodent population dynamics [29,52-54]. Similarly, seasons,
in their turn, affect food availability and population density as a consequence of changes in
environmental characteristics [19,29,55-58].

Wood mice occurrence varied seasonally in fields, where we recorded more captures,
more adult and reproductive individuals, and fewer resident individuals in the hot season



Animals 2023, 13,2017

9of 14

than in the cold one. As expected, the number of captures was lower in fields than in
woodlands during the cold season. These results suggest that fields may better suit the
ecological requirements of the species (i.e., food and cover resources) mainly in the warmer
months, representing a seasonally suboptimal habitat for the wood mouse. In fact, in the
fields of the study area, the main trophic resources (such as seeds of herbaceous species)
are present from late spring to early autumn (Burrascano pers. comm.) and grass cover
is the tallest from late spring to summer. Todd and colleagues [20] considered that, in
farmlands, seasonal patterns in habitat use appear to be mostly a response to seasonal
cover availability. In particular, in the winter, wood mice spent more time in hedgerows
than in crop fields [20], as the sparse vegetation of the latter would expose rodents to a
higher predation risk (e.g., by the tawny owl Strix aluco; [42]).

The number of captured mice and the percentage of breeding and resident individuals
were found to vary seasonally also in conifer plantations. For this habitat, although the
breeding trend is the same as in fields, the number of mice and the proportion of resident
individuals follow instead an opposite trend. Conifer plantations differ from fields in the
seasonal availability of trophic and cover resources. In this sense, the former are more
similar to the recently coppiced oak forest in terms of fruit production and shrub cover,
which are both available to mice all year round, as shown by the surveys we carried out in
the same study area [30].

However, conifer plantations do not produce acorns [30], which are among the main
trophic resources for mice found in oak forests [59,60], especially during cold months [14,59-63].
Nonetheless, we found wood mice to be more abundant in conifer plantations in the cold
season than in the hot one. It is therefore likely that this habitat type is able to provide an
adequate supply of trophic resources different from acorns, such as fruits and seeds, as
already suggested by our former work [30] in the same study area. In fact, wood mice are
characterized by a marked foraging plasticity that allows them to change their diet based
on the most abundant available foods [63—65]. In a previous investigation in our study area,
we observed that wood mice in autumn consumed different food items from several shrub
species, in addition to acorns [30].

As for the oak forest, the wood mouse occurred with a comparable number of individu-
als and proportion of reproductive and non-adult individuals throughout the year. Recently
coppiced oak forest actually represents an optimal habitat for the species in the study area,
offering mice several food and cover resources available all year around [29,30,66].

The results on the body weight of adult individuals seem to confirm that seasonal
variations in the number of captured individuals and population composition of wood mice
are driven by seasonal resources availability [30,65]. In fact, according to our expectation,
the body weight was found to be lower in the cold season than in the hot one in fields, but
no significant variation was recorded in woodlands. Furthermore, mice were lighter in
fields than in the woodlands during the cold season, but weighed similarly in the three
habitat types in the warmer months. However, as A. sylvaticus is known to display strong
density-dependent population regulation [67,68], we cannot exclude the idea that other
factors (e.g., life history of surrounding populations and competition rates) may also have
played a role in controlling the number of individuals and population structure in an
unstable habitat such as the long-fallow fields.

Studies on the ecology of small mammals suggest that seasonal variations in habitat
occurrence may also partially result from the movement of individuals between habi-
tats [11,19-22]. Wood mice have been reported to change their habitat preference in differ-
ent seasons, as they spend the winter in woodlands and hedgerows and move to arable
fields in the summer as a result of the changes in resource availability throughout the
year [19-22]. We did not trap mice in adjacent portions of the habitat to check for possible
movements between habitats; thus, we do not have direct evidence of such phenomenon.
Movements between habitats could nonetheless provide an explanation for our results:
during colder months, wood mice could move away from the suboptimal habitat (i.e.,
fields) in search of food and mates, or driven by intraspecific competition. Indeed, during
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the cold season, fields are inhabited mostly by non-breeding and less competitive (i.e.,
non-adult) mice, as well as by lighter mice (i.e., individuals either subordinate or suffering
from suboptimal habitat conditions; [27,29]). Conversely, in the hot season, the availability
of resources in the fields may attract mice, which, however, would only pass through
fields or reside there for a brief period of time and then move away in the autumn. In
fact, during the warmer months, the population in fields is characterised not only by fewer
resident individuals but also by a higher proportion of reproductive individuals, and the
higher number of captures registered during that period suggests that the increase in mice
captures might be primarily due to breeding animals looking for mates in fields. Mice
movements between habitats could also be explained by the higher number of captures
recorded in conifer plantations in the colder period, when the proportion of non-resident
mice was higher than in the hot season, suggesting that the increase in the number of
caught individuals we recorded could be attributed to roaming individuals. However, the
hypothesis that mice move from one habitat to another contrasts with the lack of population
growth during the cold season in oak forests, where the seasonal greater availability of
acorns would be likely to attract mice.

At a more detailed scale, our data showed that mice captures in fields peaked in May
and, especially, in September, whilst falling in July. The literature seems to confirm this
result as wood mouse populations are known to tendentially decrease in full summer, due
to the adverse climatic conditions of the Mediterranean region resulting in lower mice
survival [30,56,58,69]. The adverse effect of both drought and high temperatures could be
particularly sharp in fields, due to the structure and composition of the vegetation (e.g.,
lack of shrub and tree cover). However, despite the climatic adversity of hotter months, in
our study area, reproduction occurred throughout the year and breeding individuals were
always present in all three habitat types. This result is in contrast to the theory that the
reproductive cycle of the wood mouse in the Mediterranean region occurs from autumn to
spring, with a breeding pause in the summer [29], and suggests that climatic factors rather
than reproduction might influence habitat use and occupancy and population parameters
in our study area. As for fields, a supplementary analysis at the capture session scale shows
that the proportion of non-adult individuals did not increase in September, suggesting
that the mice population had not been mostly replaced. This likely implies that additional
factors other than survival, such as variation in habitat use or reduced mice activity [20],
could reflect the population decrease observed in fields in the harsh month of July. At the
seasonal scale, the presence of breeding individuals throughout the year confirms that,
in our study, the increased number of captures in the hot season cannot be explained by
the recruitment of juvenile or subadult individuals into the adult population (differently
from [70]). In fields, the number of non-adult individuals is indeed lower when captured
mice are more abundant, whilst, in conifer plantations, the proportion of non-adult mice
remains constant regardless of the number of caught individuals.

Finally, although the grass height and cover are known to affect wood mouse occur-
rence in fields [25,43,44], in our study, the herbaceous cover did not act as a determinant
of the number of mouse captures. However, other variables related to vegetation besides
grass cover and height may be the driving factor in wood mouse fluctuations. Thus, it may
be of interest to investigate the effect of food availability and quality (i.e., some vegetation
offers nutrient-rich seeds and other mainly green biomass) as well as habitat structure and
composition (e.g., presence of refuges and nesting sites) on field occupancy [55].

5. Conclusions

Our results confirm the existence of seasonal changes in wood mice occurrence in
a heterogeneous landscape of the Mediterranean region. The recorded seasonal varia-
tions in the number of mice captures and population composition provide evidence that
fields represent a suboptimal habitat in this area, whilst implying, at the same time, a
potential role of these unwooded areas as a source of resources, mates, and space for this
opportunistic species in the spring—summer. Further research is needed to understand the
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relative importance of life history (e.g., mortality and fecundity), intra- and inter-specific
competition, and changes in food and cover availability in explaining seasonal variations
in wood mouse occurrence.
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