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Abstract: The striped field mouse (Apodemus agrarius) is expanding in several European countries,
but the details of this process are not always documented due to a lack of long-term studies. We
conducted an analysis of changes in relative abundances and proportions of A. agrarius in small
mammal communities in nine different habitat groups in Lithuania during 1975–2023. We found an
increase in the abundance and proportion of A. agrarius, increasing synanthropization of the species,
and tolerance to anthropogenization of habitats. Temporal variations in the relative abundance
and proportion of species were observed, with lower values in February–July and higher values in
September–January. The main finding is a remarkable increase in species presence in the country
after the 1990s, with a peak observed in the 2010s–2020s, confirmed by eight local studies. During
these decades, it was the third most abundant species, representing 19.8–20.0% of the individuals
caught. It is also important to note that A. agrarius has recently been most abundant in commensal
habitats (0.029 ± 0.006 individuals/trap day), with the highest species proportion in agricultural
areas (24.8 ± 1.8%). There are many indications that the expansion of A. agrarius in Lithuania is
becoming invasive.
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1. Introduction

The recent changes in land use and climate have been observed to affect the distri-
bution ranges and abundances of numerous animal species [1,2]. One such species is the
striped field mouse (Apodemus agrarius), which has been observed to expand its range across
several European countries [3–5]. The phenomenon of species colonization of new regions
and habitats has been observed on multiple occasions [6]. However, the specifics of these
processes are not always adequately documented in the absence of long-term studies [4,7].
Despite the well-documented spread of A. agrarius, it is not currently included in the Global
Invasive Species Database [8]. The range of the species has expanded enormously in several
countries. The transfer of A. agrarius individuals with agricultural production has been
reported only exceptionally, so that new areas are mostly colonized by natural spread.
Nevertheless, some authors have classified it as a “dangerous invasive alien species in the
expanding part of the range” [6,9].

The Palaearctic region has two distinct range fragments of A. agrarius. The first is
located in China and the Far East, while the second spans Europe, reaching as far west as
West Siberia [10]. The western portion of the species’ range in Europe extends through
Denmark, Germany, Czechia, Slovakia, and the southern region through Greece, Ukraine,
and Georgia. The northern limit is situated in the south of Finland [11,12]. As observed by
V. Petrosyan et al., range expansions occurred in Austria, Azerbaijan, Czechia, Germany,
Hungary, Italy, Moldova, Kyrgyzstan, Slovakia, Slovenia, and Ukraine during the 20th and
21st centuries [13]. The species’ phylogeography and demographic history indicate that it
is “an oriental wildlife newcomer in Europe”, rendering it susceptible to becoming invasive
as it expands its range [10,14].
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The species name is derived from the Latin words “ager”, meaning “field” or “land”.
In English, as well as in numerous other languages, the term “agrarian” is associated
with agriculture or farming. Consequently, the species name suggests a proclivity for
agricultural terrain, including fields, grasslands, and farmlands, where it is typically
found [11]. Additionally, it has been observed in wetlands, forest edges, gardens, rural
areas, and urban areas, and it prefers moist environments [12].

The process of synurbization for this species is thought to have commenced in the mid-
20th century [15–17]. However, it is predominantly associated with the western region of
the species’ range [18]. The process of living in commensal habitats necessitates adjustments
at the behavioral [19] and hormonal [20] levels. These adjustments are influenced by the
genetic structure of urban and rural populations [21], as well as the anthropogenic pressure
gradient [22]. Therefore, the species is well-adapted to human-modified habitats.

In accordance with the dietary structure, A. agrarius has been identified as a granivore
within the temperate climatic zone [23,24]. The diet of the species in question encompasses
seeds, grains, fruits, insects, and other small invertebrates, with the consumption of animal
matter occurring primarily during the spring season [4]. The potential for A. agrarius to
transition to an animal-based diet, with up to 40% of its food consisting of animal matter, as
observed by V. Holišová [25], enhances the species’ competitive advantage. Consequently,
some studies have classified this species as a generalist [26]. However, there is a lack of
quantitative studies on the diet of A. agrarius, so a definitive conclusion on its omnivory is
not possible.

The spread of A. agrarius is associated with health concerns, as this species is capable
of transmitting a range of zoonotic diseases to humans and other animals, including the
causative agents of hemorrhagic fever with renal syndrome [6]. Among these, A. agrarius
carries Hantaan and Dobrava viruses, both of which are transferrable to humans [27,28].
Additionally, other dangerous pathogens, including Babesia, Anaplasma, Ehrlichia, Leptospira,
Rickettsia, Orientia, and Bartonella, have been identified [29,30]. Consequently, the coloniza-
tion of new areas increases the risk of disease transmission [10].

Mass outbreaks in numbers of A. agrarius are known to occur. In the mixed forest
stand of the Kampinos National Park in Poland, such an outbreak was documented in 1959.
In comparison to the figures recorded in 1958 and 1960, the abundance was found to be
20–30 times higher, and the suppression of the bank vole (Clethrionomys glareolus) occurred
simultaneously [31]. Two additional Polish studies corroborated the avoidance behavior
exhibited by A. agrarius towards C. glareolus [5,32] and the potential for competition between
A. agrarius and the common shrew (Sorex araneus) [33] within forest habitats. The potential
for competition between A. agrarius and the yellow-necked mouse (Apodemus flavicollis), the
species with which it shares the greatest ecological similarity, is mitigated by interspecific
behavioral responses [34] and different spatial organization [35]. At the community level, it
was reported that an increased dominance of A. agrarius resulted in a decrease in the values
of diversity and evenness indices [5].

The first documented evidence of A. agrarius in Lithuania dates back to the period
between 1949 and 1954. The species was captured in a variety of habitats, including shrubby
riparian areas, reedbeds, reclamation ditches, and crop fields [36]. In crop fields, the species
proportion in the small mammal community ranged from 5.6% to 19.4%, with an average
of 12.7%. No peaks in species abundance were observed; however, data on other habitats
were not presented. In the same period, the proportion of A. agrarius in the pellets of the
rough-legged buzzard (Buteo lagopus) was 1.0% [36]. Four decades later, the species was
observed to exhibit a preference for fragmented habitats and an avoidance of large crop
fields. During the winter season, the species was observed to interact with humans [37].

The current status of A. agrarius in Lithuania, along with the observed changes in
other small mammal species over the past five decades, has been summarized in [38]. This
account presents a comprehensive review of all available published data but lacks a detailed
analysis. It was demonstrated that the increase in the proportion of A. agrarius from 1.0%
during the period of 1975–1980 to 25.3% in 2021 was accompanied by an increase in the
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proportion of another granivore, A. flavicollis, and a significant decrease in the proportions
of common vole (Microtus arvalis), C. glareolus, and S. araneus. Concurrently, the proportion
of species in owl prey increased from zero in the 1970s to 3.4% in the 1990s and 2.0% in the
2000s [38].

The objective of this study was to examine the dynamics of A. agrarius in Lithuania
(Northern Europe, Baltic Sea region) over the past six decades, particularly in the context
of the ongoing conversion of natural ecosystems to agricultural land. This involved an
assessment of changes in the relative abundances and proportions of species within small
mammal communities in the main habitats.

2. Materials and Methods
2.1. Study Site and Habitats

The data in this study encompass small mammal trapping activities conducted be-
tween 1975 and 2023. During this period, 1822 distinct trapping sessions (defined as a
unique combination of year, season, and locality) were carried out, with 1 to 88 sessions
per site. We used dataset originating from both published [38] and unpublished sources.
The trapping sites span the entire territory of Lithuania (Figure 1A).
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Figure 1. Small mammal trapping sites in Lithuania, 1975–2023, with indication of agricultural areas
(A), and positions of the case study sites (B), with indication of grasslands: 1—Žagarė forest and
Žagarė Regional Park, 2—vicinity of Biržų Giria forest, 3—Dzūkija National Park, 4—Ignalina region,
5—Žemaitija National Park, 6—Lipliūnai environs, 7—Zarasai region, 8—Rusnė environs.

To maintain compatibility with our previous publications, we used habitat groupings
in nine categories: agricultural, commensal, disturbed, forest, meadow, mixed, riparian,
shrub, and wetland. When a single trap line did not fit into a single habitat, the combination
of these fragments was characterized as mixed habitat. At the same time, all mixed habitats
are fragmented because several different patches fit into a 125 m line. A detailed description
of the habitats used can be found in [39]. Equal trapping effort across habitats was not
ensured in the long term (Table 1).

Table 1. Trapping effort (TE, trap days) and number of trapped specimens of A. agrarius (N) ac-
cording habitat: Agr—agricultural, Com—commensal, Dis—disturbed, For—forest, Mea—meadow,
Mix—mixed, Rip—riparian, Shr—shrub, Wet—wetland habitats.

Agr Com Dis For Mea Mix Rip Shr Wet Total

TE 36,806 26,516 19,525 110,075 125,865 137,040 9069 4200 40,968 510,064
N 634 534 112 332 2493 1563 63 16 236 5983
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2.2. Small Mammal Trapping

Most of the dataset was generated during the inventory of mammals in protected
areas carried out in 1970s–2010s, the monitoring of small mammals in the region of the
Ignalina nuclear power plant in the 1980s, and the monitoring of small mammals within the
National Environmental Monitoring Program in 1993–2005 (with gaps of some years). In
the 1970s–1980s and 2010s–2020s, small mammals were trapped as hosts for parasitological
studies; all this material is available in the dataset. Nationwide trapping to fill gaps
for the Lithuanian Mammal Atlas and inventory of potentially biodiversity-rich areas in
several districts of the country was conducted in 1995–1997. Other major data collections
were made during the study of meadow-forest succession in 2007–2012, the study of
Great Cormorant (Phalacrocorax carbo) colonies in 2011–2023, the inventory of commercial
orchards in 2018–2023, and the study of commensal habitats in 2019–2024. Inventories of
small mammals in meadows were carried out in the 1970s, and irregular and uncoordinated
trapping of small mammals were carried out in the 1970s and 1990s–2010s.

As a standard for small mammal trapping in Lithuania during the whole period, snap
traps were used in lines of 25 traps 5 m apart. The trapping effort was 1–12 such lines per
habitat. Exceptions are trapping sessions in commensal habitats, especially inside buildings,
and in certain habitats too small to accommodate the standard number of traps. In most
cases, traps were set for three days, checked once a day in the morning or twice a day,
morning and evening. Shorter trapping sessions (1–2 days), mostly during bad weather,
were considered non-standard. They were rare and only occurred under unavoidable
circumstances. Traps were baited with brown bread and crude sunflower oil, and only in a
few trapping sessions in the 1970s–1980s with carrot, apple, or other plant material.

Material from captured individuals has been and continues to be used for diet, re-
productive, genetic, gut microbiome, and various pathogen studies. Some of the material
has been used in collaboration with research institutions in other countries and in joint
publications. The by-catch of birds and amphibians did not exceed a few dozen during the
entire period, and the number of weasels (Mustela nivalis) killed was only a few.

2.3. Study Periods and Sample Size

Our study periods include different temporal scales. Each trapping session was
assigned to a month and season: winter (December–February), spring (March–May),
summer (June–August), and autumn (September–November). Maximum trapping effort
was observed in September and October, as well as in May (Table 2). This corresponds
to the monitoring practice in Lithuania, where spring and autumn monitoring are the
most common. The other small mammal projects, such as species inventory, were mainly
conducted in autumn.

Table 2. Trapping effort and number of A. agrarius specimens captured by month and season. Samples
containing traps from more than one month or season are not included; therefore, the totals do not
correspond to Table 1.

Month, Season Trapping Effort, Trap Days A. agrarius, Specimens

January 1320 10
February 1310 1

March 1300 3
April 1460 5
May 69,945 31
June 900 9
July 28,960 43

August 30,903 288
September 112,101 1675

October 114,073 2353
November 5164 101
December 1120 22
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Table 2. Cont.

Month, Season Trapping Effort, Trap Days A. agrarius, Specimens

Winter * 6795 36
Spring 73,145 54

Summer 79,463 361
Autumn 270,081 4803

* We were not able to break down some retrospective data to a single month or season, e.g., data containing pooled
totals of spring and autumn trappings, or were referred as winter, but month of trapping is not known. Such data
were analyzed separately and are not presented in the table.

Trapping years were grouped into decades: 1970s (1975–1979), 1980s (1980–1989),
1990s (1990–1999), 2000s (2000–2009), 2010s (2010–2019), and 2020s (2020–2023). Highest
trapping effort was in 1990s and 2000s (Table 3). The highest trapping effort occurred in the
1990s and 2000s (Table 3).

Table 3. Trapping effort (TE, trap days) and number of trapped specimens of A. agrarius (N) according
to decade. Totals correspond to Table 1.

1970s 1980s 1990s 2000s 2010s 2020s

TE 27,930 90,690 126,335 143,256 83,993 37,860
N 36 116 1364 1589 2198 680

2.4. Case Study Sites

We selected eight case sites to represent all parts of the country (eastern, northern,
western, central, and southern) and a selection of different habitats (Figure 1B). These cases
either span several years or include at least two different decades to compare the status of
A. agrarius. All sites are characterized by considerable trapping effort, large numbers of
small mammals captured, and small mammal species richness (Table 4).

Table 4. Summary of the local cases of investigation: TE—trapping effort, trap days; NSM—number
of small mammals trapped; S—species richness during the whole study period; NAA—number of
A. agrarius trapped.

Site Time Period TE NSM S NAA

1 1975; 2008–2012 16,778 3987 14 292
2 1977; 1997–2005 1850 529 13 30
3 1978–1980; 1991–1995; 1999–2004 15,550 1764 13 3
4 1980–1990 75,550 3413 16 102
5 1993–1995; 1997–2004 8300 793 11 4
6 1997–2004 7650 1144 12 214
7 2000–2005; 2007–2012 18,122 2776 13 95
8 2004–2020 22,643 3550 13 1627

2.4.1. Site 1: Žagarė Forest and Žagarė Regional Park

The first study of small mammals in northern Lithuania, Žagarė Forest, was conducted
in 1975 [40], before the Regional Park was established. Habitats surveyed were various
types of forests, clearcuts, meadows, and grasslands around reclamation ditches. In the
second study, 2008–2012, the habitats in the Regional Park were the same: forests, clearcuts,
and meadows, but also the area of abandoned farmsteads [41].

2.4.2. Site 2: Vicinity of Biržų Giria Forest

In site 2, northern Lithuania, the first study in 1977 covered mainly open habitats
on the farmstead, such as mowed meadow, shrubby meadow, old orchard, and shrubby
area between forest and farmstead. In the second study, 1997–2005, small mammals were
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trapped in abandoned farm, abandoned orchard, natural and mowed meadows, as well
as shrub meadows, riparian meadows, and forest–meadow ecotone. In both periods,
abandoned, non-mowed meadows predominated.

2.4.3. Site 3: Dzūkija National Park

This site represents southern Lithuania. The first study period, 1978–1980, covered
wetlands, coniferous, deciduous and mixed forests, and meadows [42]. In the period
1991–1995, the standard monitoring approach was used, with forest, wetland, and meadow
used for small mammal trapping [43,44]. In the third period, 1999–2004, coniferous and
deciduous forests, meadows, and riparian habitats were surveyed as part of the National
Environmental Monitoring Program [45]. Additional surveys were conducted in 2002,
covering different habitats [46].

2.4.4. Site 4: Ignalina Region

We used data from small mammal monitoring in eastern Lithuania, in the region
of the Ignalina nuclear power plant. Seven sites within a radius of about 10 km were
used [47]: four of them in 1981–1990, and the remaining three in 1984–1990. In all sites,
small mammals were sampled three times a year (in May, July, and October) with the same
trapping effort in forest, meadow, and wetland habitats. In some sites, additional trapping
was carried out irregularly in agricultural and commensal habitats.

2.4.5. Site 5: Žemaitija National Park

Monitoring of small mammals in northwestern Lithuania, Žemaitija National Park,
was carried out in two periods: 1993–1995, covering the standard set of habitats, forest,
wetland, and meadow [43], and 1997–2004, when forest and meadow were covered. In
addition, a targeted study of mammals was conducted in 1997–1998, when small mammals
were trapped in forests, wetlands, meadows, reedbeds, and riparian habitats [48].

2.4.6. Site 6: Lipliūnai Environs

As part of the National Environmental Monitoring Program, small mammal trapping
was conducted in 1997–2004 in central Lithuania, Lipliūnai environs. A standard set of
forest, meadow, and agricultural habitats was covered two times per year, in May and
October, with standard trapping effort, 150 trap days per session [45].

2.4.7. Site 7: Zarasai Region

We compare the results of three studies conducted in the Zarasai region of eastern
Lithuania. In the first one, 2000–2005, small mammals were trapped in forest fragments
and surrounding meadows in summer and fall, from June to October [49]. In 2004–2009,
the main habitats were meadows near abandoned farms. This study covered the non-
vegetation period from November to April, i.e., including winter trapping [50]. The third
study investigated changes in the mammal community during meadow–forest succession,
so the three habitats covered were meadows, overgrown meadows with shrub and tree
saplings, and young forest, all sampled in June to October, 2007–2012 [51].

2.4.8. Site 8: Rusnė Environs

This is the longest study of small mammals at the same site in western Lithuania, con-
ducted during 2004–2020 near to Rusnė settlement. Initially, different habitats were covered,
including flooded meadows, riparian habitats, flooded forests, reedbeds, shrubs, agricul-
tural habitats, and fallow land [52]. In 2008–2020, the same flooded meadow was studied
with multiple disturbances, flooding, and conversion to pasture [53]. Small mammals were
trapped from August to October.
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2.5. Data Analyses

The relative abundance (RA) of A. agrarius was expressed as the number of individuals
per single trap day. We tested the normality of the data on the RA of A. agrarius and found
the best fit to be a gamma function (Kolmogorov–Smirnov d = 0.0047, χ2 = 3.39, df = 9,
p = 0.49). Based on this, we run GLM with RA of A. agrarius as the dependent factor, decade,
season, and habitat group as categorical factors and trapping effort as continuous predictor.
We assessed the significance of these factors using F and p, and the effect size using partial
eta-squared (η2). Graphical presentation was carried out using mean and 95% confidence
intervals (CI). Differences in dependent variables between categories of categorical factors
were performed using post hoc analysis (Tukey HSD with unequal N). The simultaneous
influence of trapping decade on both RA and proportion was assessed using Wilks’ lambda
to determine whether the mean vectors were equal for both dependent variables. The
minimum significance level was set at p < 0.05.

We tested whether the number of A. agrarius captured in different habitats was consis-
tent with the expected number, calculated as a function of trapping effort. The consistency
was tested using the χ2 statistic. We hypothesized that in some habitats, the observed
number of captured individuals exceeds the expected number. The null hypothesis was
rejected at p < 0.05.

The cyclicity of A. agrarius RA was assessed visually from the plot of annual means
and confirmed by autocorrelation analysis.

Chi-square test, test for normality of BCI distribution, and autocorrelation were calcu-
lated using PAST version 4.13 (Museum of Paleontology, Oslo College, Oslo, Norway) [54].
All other calculations were performed using Statistica for Windows, version 6.0 (StatSoft,
Inc., Tulsa, OK, USA) [55].

3. Results

GLM for A. agrarius RA and proportions in small mammal communities are both
weak but significant. Relative abundances were related to season (F3,1800 = 9.75, η2 = 0.037),
habitat (F8,1800 = 8.09, η2 = 0.035), and decade (F5,1800 = 9.77, η2 = 0.025, all p < 0.0001).
Similarly, proportions of A. agrarius in the small mammal community were related to season
(F3,1800 = 12.6, η2 = 0.047), habitat (F8,1800 = 8.33, η2 = 0.036), and decade (F5,1800 = 8.61,
η2 = 0.023, all p < 0.0001). The influence of trapping effort in both cases was not significant.

3.1. Temporal Changes in Striped Field Mouse Population

We analyzed the monthly, seasonal, annual, and long-term dynamic in A. agrarius in
Lithuania, comparing observed RA and proportions with those expected according to the
trapping effort.

3.1.1. Monthly and Seasonal Trends

The monthly pattern in RA of A. agrarius was not clear. Relative abundance of A. agrar-
ius was shown to increase from late summer to winter, but these changes lacked significance
when accounting for habitat and decade covariates (Figure 2A). Minimum RA was observed
in May, which was significantly lower than in December and January (post hoc, p < 0.001).
Similarly, the proportion of species in the small mammal community showed a minimum
from February to May and in July, increasing with a maximum in September. However,
based on post hoc, significant differences were only between A. agrarius proportions in May
and July as minimum and those in September and October (p < 0.02). Other differences
were not significant due to parameter variation after accounting for covariates (Figure 2B).



Land 2024, 13, 1555 8 of 19

Land 2024, 13, x FOR PEER REVIEW 8 of 19 
 

September. However, based on post hoc, significant differences were only between A. 
agrarius proportions in May and July as minimum and those in September and October (p 
< 0.02). Other differences were not significant due to parameter variation after accounting 
for covariates (Figure 2B). 

 
Figure 2. Relative abundances (A) and proportions of A. agrarius in the small mammal community 
(B) by month. Vertical bars denote 95% CI. 

Seasonally, both RA (Figure 3A) and proportion (Figure 3B) of A. agrarius decreased 
from a maximum in fall and winter to a minimum in spring. In spring and summer, the 
minimum values of both RA and proportion were significantly lower than in the other 
two periods (post hoc, p < 0.0001). 

 
Figure 3. Relative abundances (A) and proportions of A. agrarius in the small mammal community 
(B) by season. Vertical bars denote 95% CI. 

3.1.2. Annual Fluctuations 
We did not observe regular changes in annual RA of A. agrarius during 1975–2023 in 

Lithuania. Until 1993 RA was very low, close to zero, during 1994–2000 two three-year 
long cycles were observed, and in the last two decades, fluctuations were noticeable but 
irregular (Figure 4A). 

Figure 2. Relative abundances (A) and proportions of A. agrarius in the small mammal community
(B) by month. Vertical bars denote 95% CI.

Seasonally, both RA (Figure 3A) and proportion (Figure 3B) of A. agrarius decreased
from a maximum in fall and winter to a minimum in spring. In spring and summer, the
minimum values of both RA and proportion were significantly lower than in the other two
periods (post hoc, p < 0.0001).
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3.1.2. Annual Fluctuations

We did not observe regular changes in annual RA of A. agrarius during 1975–2023 in
Lithuania. Until 1993 RA was very low, close to zero, during 1994–2000 two three-year
long cycles were observed, and in the last two decades, fluctuations were noticeable but
irregular (Figure 4A).

The proportion of A. agrarius in its dynamics reflects most of the changes in RA
(Figure 4B). The spike in abundance in 2005 was associated with a sharp decline in the
abundance of other small mammal species, where even small numbers of A. agrarius formed
a significant part of the community.
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3.1.3. Long-Term Changes

Both RA and proportion of A. agrarius showed similar long-term increasing changes
over the six decades analyzed (Wilks lambda = 0.93, F10,3628 = 13.1, p < 0.0001). Each of these
indices had three distinct periods with no difference in values within them (Figure 5A,B).
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The 1970s–1980s, with RA values of 0.001–0.002 ind./trap day, were two decades of
minimum species abundance, followed by intermediate abundances in the 1990s–2000s
(0.008–0.014 ind./trap day), and after the 2010s (0.019–0.022 ind./trap day), a period of
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maximum abundance was observed (Figure 5A). According to post hoc analysis, the RA
differences between these periods were significant (p < 0.005).

Similarly, the average proportion of A. agrarius increased from 1.7–2.8% in the 1970s–1980s,
to 4.5–8.5% in the 1990s–2000s, and 12.4–13.4% in the 2010s–2020s, with all differences
between periods being significant (post hoc, p < 0.003). In the first two decades, A. agrarius
was not trapped in 90.7% of trapping sessions, in the 1990s–2000s in 71.1%, and after 2010s
in 59.3% of trapping sessions. Expected and observed numbers of trapped A. agrarius
were significantly different in these periods (χ2 = 10,883, p < 0.0001). In the 1970s–1980s,
the number of individuals captured was 9.1–9.2 times less than expected. In 1990s–2000s,
observed and expected numbers did not differ. In 2010s–2020s, we caught 1.5–2.2 times
more A. agrarius than expected according to trapping effort.

In the 1970s, A. agrarius was the seventh species in the small mammal community
according to the number of captured individuals, in the 1980s it was the fifth species, with
a lower number than the pigmy shrew (Sorex minutus). In 1990s–2000s A. agrarius was the
4th species, after S. araneus, A. flavicollis and the dominant, C. glareolus. By the 2010s–2020s,
A. agrarius was already in third place, behind only A. flavicollis and C. glareolus.

3.2. Local Changes in Striped Field Mouse Populations

Analysis of A. agrarius trends in local populations also shows an increase in both RA
and proportion of the species in small mammal communities (Table 5), with the exception
of the 2000s when the species was not captured in natural overgrown meadows at Site 2.

Table 5. Changes in relative abundances (RA, ind./trap day) and proportions (%, of total number
of small mammals trapped) in A. agrarius populations at case study sites: 1—Žagarė forest and
Žagarė Regional Park, 2—vicinity of Biržų Giria forest, 3—Dzūkija National Park, 4—Ignalina region,
5—Žemaitija National Park, 6—Lipliūnai environs, 7—Zarasai region, 8—Rusnė environs.

Site
1970s 1980s 1990s 2000s 2010s 2020s

RA % RA % RA % RA % RA % RA %

1 0.002 0.41 * 0.021 7.22 0.023 9.93
2 0.005 1.25 0.04 7.02 0 0 0.04 9.77
3 0 0 0.000 0.20 0.001 0.43
4 0.001 4.29
5 0.004 5.84 0 0
6 0.010 5.28 0.016 11.81
7 0.003 1.86 0.011 13.85
8 0.023 21.43 0.128 61.72

*—blank cells mean no trapping.

Thus, in Site 1, the RA of A. agrarius increased 10.5 times over 30 years, the proportion
increased 17.6 times, after 35 years–11.5 and 24.2 times, respectively.

In Site 2, comparing to 1970s, after two decades, the increase in A. agrarius RA and
proportion was 8 and 5.6 times, after four decades, it was 8 and 7.8 times higher. All this
time, the habitats were similar, mainly overgrown meadows and commensal habitats such
as abandoned farmsteads, cottages, and gardens. In trappings of 2000s, however, A. agrarius
was not captured.

In Site 3, A. agrarius was not found in the 1970s, but between the 1990s and 2000s its
RA increased 5.6-fold, while the proportion doubled.

Site 5 was the only case where A. agrarius were present in the 1990s, but not found in
the 2000s (Table 5). However, from 1993–1995 and 1997–2004, all A. agrarius were captured
in 1997, when different habitats were intensively surveyed for small mammals. In the
remaining years, the species was not found, although all years included meadows among
the habitats surveyed.

In Site 6, small mammals were monitored exactly in the same habitats during 1997–2004,
and comparing decades, the increase in RA was 1.6 times, that of proportion 2.2 times. Out
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of 103 individuals of A. agrarius, 86 were captured in agricultural habitat, 17 in mowed
meadow, and the species was not present in the forest.

In Site 7, the increase in A. agrarius RA was 4.3, that of proportion 7.4 times comparing
two decades, 2000s and 2010s, and the species was equally present in forest fragments,
commensal and meadow habitats (36, 30 and 39 individuals, respectively).

In Site 4, surveys were conducted over a decade, in the same habitats during 1981–1990.
During this period, 58 A. agrarius were trapped in wetlands, 37 in meadows, and only
6 individuals in forests, all three habitats with the same trapping effort. An increasing
trend in RA was observed in wetlands (Figure 6A) and a decreasing trend in meadows
(Figure 6B), while the proportion of species showed an increasing trend in both habitats
(Figure 6C,D). Year-to-year differences, however, were not significant due to parameter
variation. Fluctuations were irregular in both wetlands and meadows.
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Figure 6. Relative abundances (A,B) and proportions (C,D) of A. agrarius in the small mammal
community in wetlands and meadows of Site 4, 1981–1990. Red lines indicate trends. Vertical bars
denote SE.

In site 8, both RA (Figure 7A) and proportion of A. agrarius (Figure 7B) increased
significantly in flooded habitats from 2004 to 2020. Trends were not cyclical, only irregular
fluctuations were observed. Relative abundances peaked in 2011, significantly higher than
in 2004 (post hoc, p < 0.05), and in 2018–2020, higher than in all other years except 2011–2012
(post hoc, p < 0.05). The proportion of species peaked in 2005, 2011 and 2018–2020, all of
these peaks being higher than the initial value in 2004 (post hoc, p < 0.05). In the last years
the anthropogenic influence on the habitat reached its maximum. In 2020, the meadow was
converted into cattle pasture.
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3.3. Habitats of Striped Field Mouse in Lithuania

Expected and observed numbers of captured A. agrarius were significantly different
(χ2 = 3817.7, p < 0.0001). The number of trapped individuals in meadows and commensal
habitats was 1.7 times higher and in agricultural habitats 1.5 times higher than expected.
In mixed habitats, the number of trapped individuals did not differ from the expected
number. In forest, the number of trapped individuals was 3.9 times, in shrub 3.1 times, in
disturbed habitats and wetlands 2.0 times, while in riparian habitats 1.7 times less than
expected according to trapping effort.

In forest, wetland, shrub, and riparian habitats, A. agrarius was not captured in
81.6–86.2% of trapping sessions. In grasslands, 73.9% of trap sessions were null, in dis-
turbed and agricultural habitats 63.2–68.3%, in commensal habitats 51.0%, and in mixed
habitats 42.3% yielded no A. agrarius.

The commensal habitat stood out in terms of the highest A. agrarius RA, outperform-
ing all other habitats (post hoc, p < 0.05), except the mixed habitats (Figure 8A). Mixed,
agricultural, and meadow habitats were characterized by intermediate RA (within group,
differences in RA not significant). Forest, shrub, riparian, wetland, and disturbed habitats
were characterized by the lowest RA, with no within-group differences. Covariates such as
decade and season of capture were considered.
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After accounting for covariates, the proportions of A. agrarius differed statistically by
habitat in the same way as shown visually (Figure 8B). The highest proportion, over 20%
of all small mammals captured, was found in agricultural habitats, surpassing all others
except meadows and commensal habitats (post hoc, p < 0.05), and meadows, higher than
forest, shrub, riparian, disturbed, and mixed habitats (post hoc, p < 0.05). Forest, shrub,
riparian, disturbed, mixed, and wetland habitats form a group with A. agrarius proportions
below 10% (no differences within this group according to post hoc). Commensal habitats
are intermediate between the two groups.

In the best studied habitats, the proportion of A. agrarius in the small mammal com-
munity increased throughout the study period (Figure 9). Comparing 1970s and 2020s,
increase was 24.4-fold in meadows, 18.8-fold in commensal habitats, and 11.5-fold in forests.
From 1970s to 2010s, the increase in species proportions in mixed habitats was 19.8 times,
and from 1980s to 2010s in wetlands was 6.9 times.
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4. Discussion

Our results indicate that the increasing trends in A. agrarius in Lithuania are related
to the anthropogenic landscape, i.e., agricultural and commensal habitats and meadows,
with the minimum abundances and species proportions in forests, shrubs, or wetlands.
In Poland, it has been shown that A. agrarius is not characteristic of continuous forests,
although the association of the species with agricultural habitats also determines its occur-
rence in the nearest forest fragments [56]. In general, underutilized agricultural areas, such
as abandoned meadows, can have a strong impact on small mammal communities [57].

Fragmentation of agricultural landscapes and the mosaic of cultivated, set-aside, and
stable land increases species richness and diversity of small mammal communities [58].
However, the negative influence of intensive agriculture is mostly related to the diversity of
small mammal assemblages, not to the overall abundance [59]. These authors observed an
increasing abundance of A. agrarius in natural environments. Our results were the opposite
(see Figure 8). This difference was probably due firstly to the abundance of A. sylvaticus
in their study area (in Lithuania, it is a rare species), and secondly, to the different diet
of A. agrarius (the authors describe it as a specialist species [59], while in Lithuania, this
species is a generalist one).

We cannot directly compare results from southern countries on agricultural intensity
and the diversity of small mammal communities, due to different species composition
(A. agrarius not present). Long-term changes in Italy, comparing 1994–1995 and 2015–2016,
show a strong decrease in shrews and an increase in brown rats (Rattus norvegicus) and
house mice (Mus domesticus), although species richness and diversity indices remain sim-
ilar [60]. These authors exclude both large-scale land use and climate change as drivers,
emphasizing changes in agricultural practices, such as the use of herbicides and insecticides,
as well as the expansion of maize fields. Small mammal communities are simplified under
increasing human pressure and decreasing cover of seminatural areas [61]. In Portugal,
it has been found that the species richness of small mammals is maintained by seminat-
ural areas with a minimum of anthropogenic disturbance, coupled with a patchy and
heterogeneous mosaic of different land uses [62].

Trapping small mammals is the main tool for understanding their long-term changes,
but it is a laborious process; case studies that include trapping at the same sites over decades
are not numerous, or do not include data on our target species, A. agrarius. In addition
to the results of small mammal trapping, changes in small mammals may be reflected
in the diets of various owl and other raptor species. As demonstrated in Great Britain,
the diet of barn owls (Tyto alba) indicates changes in small mammal communities for two
decades, between 1974 and 1997. The main changes in the diets were related to a significant
increase in Apodemus spp. mice, C. glareolus and S. minutus, while S. araneus decreased.
These changes “since 1974 were independent of land-class group” and were discussed “in
relation to intensification of agriculture and other changes in land management” [63]. The
decrease in insectivores in the diet of T. alba for four decades was also confirmed in Italy [64].
Therefore, in addition to the small mammal traps already mentioned in the introduction,
we also refer to some of the many analyses of owl pellets related to an increase in the
presence of A. agrarius in different regions.

In the synanthropic environments and agricultural landscape of Slovakia, the share of
A. agrarius in the prey of T. alba was only 1.5% during five decades [65]. In the neighboring
region of Podillia in southwestern Ukraine, the proportion of A. agrarius in the pooled
diet of long-eared owl (Asio otus), little owl (Athene noctua), tawny owl (Strix aluco), and
eagle owl (Bubo bubo), was also low, only 1.3% [66]. In Baranja, Croatia, the proportion of
A. agrarius in the diet of T. alba remained constant in 2007 and 2016 at 4.82% and 4.67%,
respectively. As landscape structure did not change, trends in other small mammal species
were related to changes in agricultural practices, such as frequent mowing of meadows,
regulation of rodenticide use, and the depopulation of villages. These changes did not
affect A. agrarius [67].
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At the Neusiedler See in Austria, T. alba pellets show the arrival of A. agrarius in
2006, and since then, its presence in pellets has increased every year [68]. In Poland, the
proportion of A. agrarius in the diet of S. aluco decreased with the degree of urbanization,
from 16.8% in the countryside to 14.8% in urban habitats [69]. Synurbization of A. agrarius
in Poland has been known for a long time [16,17]. In forested areas of Warsaw, the share of
A. agrarius in the diet of S. aluco decreased from 20.1% in 1995–2007 to 11.7% in 2010–2018;
outside the city, the decrease was from 3.2% to 2.6% [70]. In the suburbs of Warsaw, the
share of A. agrarius was 9.2% [71].

Thus, our previous results, 2.0–3.4% of A. agrarius in S. aluco diet in agricultural
landscape and small forest fragments in Central Lithuania [38], are in agreement with the
cited data. However, the results of small mammal trapping at the same place and time as
the owl diet study show 5.3–11.8% of A. agrarius in all small mammals in Central Lithuania.
We agree with the opinion that owls are more effective in assessing the composition of
small mammal communities than conventional traps [72]. However, the most commonly
used owl species, T. alba and S. aluco, are both generalists. Since A. agrarius is most likely
not their preferred prey, pellet composition may misrepresent the actual proportions of
this species in the owl hunting area. For example, in the Mediterranean region, A. agrarius
never dominated the diet of T. alba [73].

The other results of the current analysis, related to temporal aspects of the A. agrar-
ius population, are novel for areas to the north of Lithuania Temporal variations in the
relative abundance and the proportion of species are typical, with low values observed
in February–July and high values in September–January. Similar changes have been ob-
served in Poland [32]. In Lithuania, the annual dynamics of this species, in general and
according to local long-term studies, were not cyclic. Cyclic changes in A. agrarius were also
not observed in Poland [33,74], although peaks in numbers were observed in the former
period [31]. In the north of Lithuania, “regular density fluctuations every one to three years
with an amplitude of five to 21 times” were reported in A. agrarius [75]. Damping of small
mammal cycles in Latvia was found by [76], although their data do not specifically refer to
A. agrarius.

Recently, expansions of A. agrarius were observed in both western and southern parts
of European species range [9]. Encroachment and entrenchment into arable lands [77],
and synurbization of the species [16–21], allow some authors to consider species prone to
invasions [10,17] or being invasive [6,9].

According to our results, can A. agrarius be considered an invasive species in the
country, or should the process only be called “expansion” as in Slovakia according to [4,5]?
For example, in Site 8, the RA of A. agrarius increased almost 100-fold in less than two
decades, and the species represented 76–93% of all captured small mammals, despite
the continuous anthropogenic transformation of the habitat. Such an increase could be
considered a typical invasion. In Lithuania, A. agrarius fulfilled all stages of species invasion
according to [5]: it is distributed all over the country, occupies all habitats, and can dominate
in meadows, agricultural land, and commensal habitats. The presence of this mice in houses
and other buildings is confirmed throughout the year. The influence of A. agrarius on small
mammal communities in Lithuania is associated with a decrease in species richness and
diversity [38,53], although detailed analyses are still needed. Damage caused by A. agrarius
was reported in the 1950s and 1980s [36,37]; however, no further research on this issue
was conducted. In Lithuania, it is a host of various pathogens, including viruses, bacteria,
protozoa, and helminths, as well as ectoparasites, such as ticks, fleas, and mites [78–80].
At the current stage of research, the listed traits of A. agrarius are close to defining it as
invasive in Lithuania, although species introductions by human activities in the country
are not known. However, as stated by [81], “expanding native species may be functionally
indistinguishable from invading alien species in many respects”, so we postpone the final
classification until more data are collected.

Based on 29 years of monthly trapping series in the southeastern part of the A. agrarius
range in China, population dynamics were found to respond to changes in the agricultural
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system, climate change, and the cumulative effect of both [82]. While the seasonal dynamics
are not comparable to European populations, the responses to agricultural practices are
similar. Abundance of A. agrarius increases with landscape complexity at a small spatial
scale, which provides a higher proportion of agricultural habitats than the coarser scale [83].
Several initiatives in the EU, such as the EU Biodiversity Strategy for 2030 [84], restoration
of perennial grasslands [85,86], an biodiversity-friendly agricultural practices [87], will
continue and increase the acceptability of the landscape for small mammals, especially for
those species that are already familiar with agricultural habitats. Increasing the area of
protected areas in the EU to 30% of the territory will require the designation of new areas
in semi-natural ecosystems and even on productive/agricultural land [88]. Given that even
relatively small, protected areas are positive for the small mammal community [89], we can
expect further expansion of A. agrarius in Europe westwards and northwards.

5. Conclusions

Based on long-term data on small mammal trapping in Lithuania, we have found (1) an
increase in the abundance and proportion of A. agrarius in the community, (2) increasing
synanthropization of the species, and (3) tolerance of anthropogenization of habitats. Many
signs point to the expansion of A. agrarius in Lithuania becoming invasive.
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4. Tulis, F.; Ambros, M.; Baláž, I.; Žiak, D.; Sládkovičová, V.H.; Miklós, P.; Dudich, A.; Stollmann, A.; Klimant, P.; Somogyi, B.; et al.

Expansion of the Striped field mouse (Apodemus agrarius) in the south-western Slovakia during 2010–2015. Folia Oecologica 2016,
43, 64–73.

https://doi.org/10.1098/rstb.2010.0037
https://www.ncbi.nlm.nih.gov/pubmed/20513711
https://doi.org/10.1111/ddi.12999


Land 2024, 13, 1555 16 of 19
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