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Abstract. One of the unpleasant byproducts of urban living is municipal solid waste. Unfortunately,
many urban areas cannot effectively manage their waste, which causes creation of illegal waste sites. We
investigated communities of small mammals from 14 illegal waste sites in Mediterranean Slovenia and
Croatia. Five species of the family Muridae were recorded: black rat (Rattus rattus), domestic mouse
(Mus musculus), wood mouse (Apodemus sylvaticus), striped field mouse (Apodemus agrarius), and
yellow-necked mouse (Apodemus flavicollis). Black rats and house mice, the two commensal species,
were exclusively found or prevalent in larger waste sites, while the other three Apodemus species were
most frequent in natural or seminatural habitats (> 90% specimens). At large waste sites and in the human
settlements, commensal species evidently outnumber the three native Apodemus species (<25% of
specimens). Our results show that improper waste management drives the native rodents to local
extinction and replacing them with invasive commensal species, thereby reducing biodiversity and
ecosystem health. We conclude that higher rates of parasitism and infestation with different pathogens in
waste sites, especially those in the close proximity of human settlements can raise the possibility of
transferring the pathogens and parasites either to the people or their predators.

Keywords: urban ecology, biodiversity treats, Mediterranean coast, anthropogenic influence, solid waste
management

Introduction

Among many anthropogenic pressures worldwide, urbanization is one of the most
rapidly increasing threats on natural habitats, causing both biodiversity loss and
biological homogenization (McKinney, 2002; Savard et al., 2000). By the year 2025,
about 61% of the world’s population is predicted to be living in urban areas, especially
in developing countries (UNDESA, Population Division. World Urbanisation Prospects:
The 2009 Revision, 2010). The expansion of urban areas into natural habitats causes
significant changes in species compositions, species interactions, and also impacts
ecological and evolutionary processes (Aronson et al., 2014; McKinney, 2008). Urban
ecosystems lower the quality of ecological services, with limited capacity to prevent
pest outbreaks (Morello et al., 2000).

The Mediterranean coast is a densely populated region with an intricate political
history involving many different ethnic groups. Slovenia and Croatia are two, among 21
countries, that have coastlines on the Mediterranean Sea. In both countries high
population density and economic activities near the coasts cause significant pressures on
coastal areas and their landscapes in particular. As the coastal population grows and
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urbanises its environment, natural coastal habitats and landscapes get further
fragmented. The land use changes with the corresponding change in the landscapes
leading to decreasing integrity of coastal landscapes and ecosystems (UNEP/MAP:
State of the Mediterranean Marine and Coastal Environment, 2012).

In addition to higher human population density, changes that occur along urban-rural
gradients (McDonnell and Pickett, 1990), include the loss of biota and natural habitat,
increased densities of roads, buildings and other surfaces, and microclimatic shifts (e.g.
heat island effects) (Bradley and Altizer, 2007). Although the conversion of natural or
semi-natural to urban ecosystems can be a slow process, it is usually irreversible
(Morello et al., 2000; Power, 2010).

The rapid development of urban ecosystems generates waste, and landfills are the
most frequent waste disposal method worldwide. The growth in waste has led to serious
management problems in various cities and countries (Rodriguez et al., 2007). Despite
the policies of reduction, reuse, and diversion away from the use of landfills, more than
half of the European Union (EU) member states still direct more than 75 % of their
solid waste to landfills (Mazzanti and Zoboli, 2008). The structure of urban areas and
their outskirts consist of a variety of components, ranging from completely built
environments to natural or semi-natural areas (McDonnell and Pickett 1990), the latter
often used for the uncontrolled waste disposal. These sites affect biodiversity,
ecosystem and human health, by facilitating the spread of invasive species, disease
vectors, pathogens, and pollution (Vrijheid, 2000).

Solid waste management is one of the major public health and environmental
concern in the EU. The public sector is unable to deliver services effectively, regulation
of the private sector is limited, and illegal dumping of domestic and industrial waste is
still a common practice (Reddy and Chirakkara, 2013). Despite the strong activity of
European Union towards improving waste management policies, there is still a
considerable amount of illegal waste dumping, and more than 7,000 dumping sites
identified as ‘the tip of the iceberg’ (Giusti, 2009). Illegal waste sites are a fast growing
problem in many European countries (Council Directive 1999/31/EC on the landfill of
waste, 1999). Despite the existing infrastructure for dealing with waste, studies revealed
an extensive network of illegal waste sites (Mazzanti and Zoboli, 2008).

These sites provide a ready source of nutrition and shelter for human-introduced
species that support the spread of pathogen vectors and non-native/invasive species
(Rusterholz et al., 2012), while discarded pollutants can disperse across the landscape
(Diletti et al., 2008; Mattiello et al., 2013). As a consequence, illegal waste sites pose
serious economic and social challenges through an increased burden upon the public
health system (Ashworth et al., 2014; Elliott et al., 2001; Minichilli et al., 2005; Porta et
al., 2009), and may lead to declines in ecosystem functions (Ettler et al., 2008;
Kotovicova et al., 2011).

Many publications refer to the influence of specific chemicals or chemical mixtures
in illegal landfills on human health (Baibergenova et al., 2003; Kramer, 1987; Sorsa et
al., 1992; Sullivan, 1993) but there are almost no data about their influence on biotic
homogenisation and the spread of pathogens throughout the rodents living area. It has
been recently highlighted that urbanization is a major cause of biotic homogenization
(McKinney, 2006; Smart et al., 2006) and that it usually leads to higher prevalence of
alien animal and plant species (McDonnell et al., 1997; Melles et al., 2003). For
example, garden waste deposited in semi-natural and natural habitats, such as forests,
could be a source of dispersion for non-native plant species (Rusterholz et al., 2012).
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Some of these species have a high regeneration potential and may successfully colonize
forests (Klimesova and Klimes, 2007).

To predict the impact of urbanisation processes upon biodiversity and human well-
being, it is crucial to understand the shifts in species composition and diversity
(Desrochers et al., 2011). For instance, changes in landscape structure, such as an increase
in urban patches with increased number and size of waste sites, alter the ability of some
commensal organisms to disperse. In such a case, communities composed of species with
specific habitat requirements have higher local extinction and turnover rates, whereas
widespread and broadly tolerant species benefit from landscape disturbance and
demonstrate higher stability (Dall and Cuthill, 1997; Krauss et al., 2004).

The Mediterranean coast, including both Slovenia and Croatia, is a densely populated
region in EU where most of the population growth takes place in a dispersed small and
medium-sized towns and cities (Cori, 1999; “UNEP/MAP/BP/RAC. A sustainable
future for the Mediterranean,” 2005) usually without adequate waste management
(Ballantyne and Pickering, 2015).

An extensive network of urban landscape and natural habitat dissects the Istrian
peninsula shared between Slovenia and Croatia (Kokalj and Ostir, 2005). Medium-sized
towns are located on the coast and oriented towards tourism that considerably increase
human concentration and waste production. An additional source for waste sites is
created by small towns, villages, and small farms that are mainly are dispersed in the
central part of peninsula (Grzini¢, 2010). Study done on two small rodents species
showed that road clearance without vegetation is an inhibiting factor for crossing the
road (Macpherson et al. 2011). So, even the small roads, with relative little traffic, do
act as a partial barrier for small mammals, reducing their movements between habitats
on either side of the road.

There is little information on the effect of uncontrolled waste sites dispersal on
rodent communities (Cavia et al., 2009). Rodents are attracted by solid and
decomposing organic waste discarded at illegal waste sites. Data on rodent distribution
in urban and semi-natural ecosystems is important, as these animals can cause damage
to stored food, buildings, and infrastructure (Battersby, 2004; Drummond, 2001).
Moreover, rodents are known to be involved in the transmission of diseases to humans
and domestic animals (Battersby and Greenwood, 2004). They are a notorious reservoir
for a number of pathogens and can act as either principal infected hosts or hosts for
arthropod vectors (Desjeux, 2001). Rodent-borne zoonosis, transmitted from rodent to
human hosts, can cause significant human morbidity and mortality globally, with
thousands of cases diagnosed in Europe annually (Semenza and Menne, 2009).

Until now, no study has specifically investigated the distribution of rodents within the
urban and semi natural-environment in relation to uncontrolled waste dumping. The aim
of this study was to assess the potential effects of illegal waste dumping on the
establishment of rural-like versus truly commensal rodent communities in semi-natural
habitats. In particular, we looked at the spatial species turnover rates as a function of
urbanisation and presence of illegal waste sites. Finally, we studied the effects of
landscape structure on the composition of rodent communities. The higher parasitism and
infection rates (Buzan et al., 2012) of animals in illegal waste sites could be significantly
associated with the change in the rodents communities. Rodents at these sites are either
more exposed or more susceptible to parasites or infections, which could have a possible
negative impact upon their predators and people. Higher parasitism and infection rates can
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therefore be used as a measurable impact of changed rodent community that further
impacts on their predators and people living nearby the waste sites.

We conducted our study in the coastal areas of Slovenia and Croatia, as they
represent areas where urbanisation increases pressure on natural resources during
limited time periods, and leads to higher rates of sewage and solid waste production.

Materials and Methods
Study area

Fieldwork was conducted in Istria, a peninsula in the Northern Adriatic, shared by
Italy, Slovenia, Croatia, and in the Brijuni Archipelago located at the western shore of
Istria with an area size of 3,160 km®. According to the geological and geomorphic
structure, the peninsula can be divided in three different areas (Sombke and Schlegel,
2007). The hilly northern and north-eastern part of the peninsula is characterised by
scarce vegetation and bare karst surfaces. The south-west region is characterised by
lower flysch mountainous tracts consisting mainly of impermeable marl, clay, and
sandstone. Finally, the last part is the limestone terrace along the coastline covered with
red earth (Krebs, 1907).

One third of the Istrian peninsula is covered by forest. Pinewoods, maquis, holm oak
(Quercus ilex), and strawberry tree (Arbutus unedo) prevail along the coast and on the
islands. The present grasslands are among the species-richest habitats of Europe and
maintain high small-scale densities of plant species (Kaligari¢ et al., 2006). They are of
semi-natural origin, as they have emerged through centuries or millennia of low-
intensity land use (Bohn et al., 2004; Ellenberg and Leuschner, 2010). During the 20"
century, the original grasslands were replaced by agro-systems, which are nowadays
continuously being replaced by urban habitats. Today, the area represents a matrix of
mixed urban, agricultural, and fragmented natural or semi-natural vegetation patches.
The sampling sites differed significantly according to the anthropogenic impact, and
three groups of sites were immediately identified (Figure 1, Table 1): group A: natural
habitats with low anthropogenic impact; group B: habitats with medium anthropogenic
impact; and group C: habitats with high anthropogenic impact with large waste sites
and/or human settlements.

Field data collection

Sites for data collection were located in illegal waste sites in groups A-C. In total, 17
areas (Figure 1) were sampled in the warmer part of the year (from April to November)
between October 2011 and November 2012. Sherman traps of two sizes (dimensions of
small Sherman traps: 50.08 x 6.35 x 22.86 cm; and dimensions of large Sherman traps:
7.62 x 8.89 x 22.86 cm) in equal shares were used. Sardines with breadcrumbs or peanut
butter were used as bait. Traps were set in late afternoon/evening and rodents were
sampled overnight. After each sampling night, traps were checked; trapped animals
were euthanized in CO, chamber, and immediately transported to the laboratory. In one
location traps were set 1-18 times (mean = SD = 4.94 + 4.41) with 20-80 traps (mean +
SD = 52 + 20.8). The number of traps was defined by the size of the sampling area.
Sampling areas differed considerably in habitat characteristics and level of
anthropogenic impact (see Figure 1, Table 1). Three of the sampling locations on the
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Brijuni islands (Figure 1) were excluded from further analysis, as only the introduced
black rat (Rattus rattus) was present on these islands.

Table 1. The summary data on sampling sites in Istria. Each of the sampling site was
assigned to one of five habitat types (*°), data are presented in proportions to total
investigated area). A1-A4 = natural habitats with low anthropogenic impact, B1-B5 =
habitats with medium anthropogenic impact, can include small waste sites, C1-C5 =
habitats with high anthropogenic impact with large waste sites and/or human settlements.

Sampling Short description Sampling Area  Housing Villages Open areas with Open Water
site period (ha) estates (%) 2 human areas (%) ®
(%) * settlements (%) * (%) *
Al reeds near the wood Jul12 13,81 69.99
A2 meadow near the stream Augl2 0,12 0.61
A3 wood, road, small Sepl2 0,05 0.25
amount of scattered
waste
A4 wood Octl12 0,04 0.20
B1 wastesite's edge (near Apr-Jull2 0,46 2.33
the wood)
B2 field and wood edge Sepl2 0,05 0.25
B3 meadow, small Jul12 0,71 3.60
wastesite, shrubs
B4 wood, road Augl2 0,16 0.81
B5 wood, road, meadow, Sepl2 0,74 3.75
small wastesite
C1 farm Sepl2, 0,74 3.75
Nov12
Cc2 wood, pasture Sepl2 0,14 0.71
C3 large wastesite, shrubs Oct-Nov11, 1,72 8.72
Mar-Jul12
C4 large wastesite, wood Augl2 0,04 0.20
C5 large wastesite, wood, Octll, Apr- 0,95 4.82
backyard, shrubs Jull2
SUM 19.73 4.82 12.47 5.93 6.17 70.60

! detached, semidetached and terraced houses, with numerous fruit plants and trees in backyards; * farms,
waste ground, roads; * setlements, fields, rehabilitated waste grounds; * grasslands, shrubs, agricultural
fields, meadows, forest, waste grounds and floodplains; ° rivers, canals, moat, river docks and reeds
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Figure 1. Sampling sites in Istria.

Laboratory work

Morphometry of key structures, like body length (from the tip of the nose to the
anal opening), tail length (from the anal opening to the end of the tail), the length of
the rear foot (from the beginning to the end of the finger phalanges without claws,)
and the size of the ears (without the final hair) (Krystufek and JanZzekovi¢, 1999) were
measured for species determination purposes. Most juveniles were identified to a
species-level based on sequence similarity of mitochondrial cytochrome b gene (cyt b)
(Bradley and Baker, 2001).

DNA extraction, PCR amplification, sequencing and sequence analysis

Tissues from rodent brain and muscle were isolated. DNA extraction was
performed using PureLink® Genomic DNA Mini Kit (Invitrogen™, Life
Technologies Corporation, Carlsbad, CA, USA). The cytochrome b gene (cyt b) was
amplified with primers, L14727-SP and H15915-SP (Jaarola and Searle, 2002). The
alignment vyielded the sequence data for partial cyt b gene sequences of the length
between 300 and 500 base pairs (total length in mammals is 1140 bp). A polymerase
chain reaction (PCR) was performed in a total volume of 15 ul containing 3ul of DNA
extraction, 0.3 um 10 pmol forward and reverse primers and 7 pl of KAPA HiFi
HotStart ReadyMix 2X (Kapa Biosystems, Inc., United States) containing KAPA
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dNTPs, reaction buffer, Mg®* at a 1X final conc. of 2.5 mM and KAPA2G fast DNA
Polymerase 5 units/ pul and 5.4 pl of water.

The PCR cycling conditions included an initial denaturation step at 94°C for 3 min,
followed by 30 cycles of denaturation (15 s at 94°C), primer annealing (30 s at 48°C),
and extension (1 min at 72°C). The final extension at 72°C ran for 10 min. The
sequencing was performed on an ABI PRISM 3130 Genetic Analyzer using BigDye
Terminators (Applied Biosystems, Foster City, CA, USA). The CodonCode Aligner
1.63 (Ewing et al., 1998) was used to align the forward and reverse sequences. The
resulting consensus sequences for each individual were aligned using ClustalW 4.0,
implemented in the Molecular Evolutionary Genetics Analysis (MEGA) package 5
(Tamura et al., 2011). Species identification was confirmed with Basic Local Alignment
Search Tool (BLAST) implemented in National Center for Biotechnology Information
(NCBI database). A threshold of 98% similarity for the same species was defined
according to the results of BLASTn search for the sequences.

Data analysis

For each of the three groups of sites defined by the anthropogenic impact (A, B, C),
species composition, abundance and proportions (calculated from abundances) were
estimated. Shannon Wiener index (H = -Z(ni/n)*In (ni/n); where n; = number of
individuals of a species in a sample i and n = number of all individuals in a sample)
(Spellerberg and Fedor, 2003) was calculated for each site and the three groups (A, B,
C). Average values, standard deviation and range of H’ for sites within each of the
groups were also calculated. For evaluation of possible interdependence (at p < 0.05)
between H’ and number of sampled individuals per site, Pearson correlation coefficient
(r) was calculated between the two variables. Dominance (D =X (ni/n)?) and evenness
(e"®,'S = no. of sampling sites) of the species per three groups were calculated.

Beta diversity (by) and species turnover rates between the three groups of sites were
calculated following Whittaker (Koleff et al., 2003): by = (S/0avc)-1, where S is total
number of species and aavc IS average number of species.

Species communities were inspected through Unweighted Pair Groups Method
(UPGMA), and the clusters of the sites were interpreted according to the level of
anthropogenic impact. Distance matrix was computed using Raup Crick index for
binary (presence/absence) data (Raup and Crick, 1979) as the sampling effort was
uneven. The analysis was conducted in PAST ver. 2.17c, Excel 2010 and SPSS ver.
20.0.

Results

In total, three genera and five species of Muridae black rat, domestic mouse, striped
field mouse, wood mouse and yellow-necked mouse (Rattus rattus, Mus musculus,
Apodemus agrarius, A. sylvaticus and A. flavicollis) were sampled from 14 sampling
sites (Figure 2). Most common species was Apodemus agrarius, recorded at 11 sites. At
three sampling sites only one species was recorded (M. musculus in an illegal landfill at
C4 and at the farm at the site C1, and A. agrarius in a wood at the site A4). The largest
number of species (all five) were recorded in landfill at C3 and four species were
recorded at landfill C5 (R. rattus, M. musculus, A. agrarius and A. sylvaticus), as well as
near the landfills at sites B1 and B3 (M. musculus and all three Apodemus species).
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Figure 2. Species composition and relative abundance of five Muridae species at 14 sampling
sites in Istria, divided into three groups of habitats according to the human impact (A = natural
habitats with low anthropogenic impact, B = habitats with medium anthropogenic impact, can
include small waste sites, C = habitats with high anthropogenic impact with large waste sites
and/or human settlements). Numbers of animals = 198: Rattus rattus: A, B =0, C = 6; Mus
musculus: A=1, B =6, C =76; Apodemus flavicollis: A =6, B = 18, C = 1; Apodemus
sylvaticus: A =0; B =23, C = 13; Apodemus agrarius: A=7,B =31, C=10.

All five species were found in a group of sites with the highest anthropogenic impact
(Figure 2), while in groups with medium and lowest impacts, four and three species
were recorded, respectively. On average, 2 species (SD = 1.7) were recorded from the
sites with highest impact, whereas 3.2 (SD = 0.8) and 2 species (SD = 0.8) were
recorded from sites with medium and low anthropogenic impact, respectively. Shannon-
Wiener species diversity index was highest at sites with medium impact (H’g = 1.26
[meansires = SD: 0.93 + 0.26; range: 0.50-1.28]; H’a = 0.89 [0.56 + 0.40; 0-0.95]; H’¢c
=0.92 [0.34 + 0.58; 0-1.18]), where dominance (D) of the most common species was
lowest (Dg = 0.30; Da = 0.44; D¢ = 54) and evenness (e™) highest (e"S g = 0.88; e o
= 0.82; e"® . = 0.50). No significant Pearson correlation (r = 0.412, p > 0.1) was
calculated between H’ and numbers of caught individuals.

Global Whittaker beta diversity for all 14 sites is 0.25. The highest species
turnover rate is recorded between the group of sites with smallest and largest
anthropogenic impact (A-C: 0.25). The turnover rates are approximately half
between sites with the medium and highest (B-C: 0.11) and medium and lowest
anthropogenic impact (A-B: 0.14).

Cluster analysis of 14 sampling sites revealed two distinct clusters with less than 40
% of similarity (Figure 3). The first cluster consists of samples from the four largest
waste sites and a farm (C1-C5) and the second cluster consists of all other samples.
This can be further divided into two sub-clusters. The first sub-cluster consists of
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samples from fields, landfill edges, two small landfills (one in a wooded area and
another in a wooded area near the road) (B1-B5). The second sub-cluster consists of
samples from two wooded areas, the reeds near the wooded areas, and a meadow with a
small stream; A1-A4). The latter sub-clusters join at the ~ 65 % of similarity rate.
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Figure 3. Cluster analysis of species composition of fourteen Muridae samples locations from
Istria (UPGMA, Raup-Crick index, binary data on presence and absence was used, coph. corr.
= 0.81). For explanation of sample abbreviations see Table 1.

Discussion

In the present study, the importance of understanding the impacts of urbanization and
inadequate waste management on native wildlife and human health is researched. Most
of the previous work dealing with urban ecology investigated the effects of urbanisation
on habitat quality and other environmental conditions (Grimm et al., 2008; Sims et al.,
2007) in cities, and how species’ ecological and life history traits influence their ability
to colonise and survive in urban areas (Croci et al., 2008; Kark et al., 2007; Lim and
Sodhi, 2004; Thompson and McCarthy, 2008). The impact of solid waste disposal upon
communities of small mammals at the outskirts of the cities and towns has not yet been
shown. Cavia et al. (2009) reported that accumulated organic waste and litter provide
food and harbourage for rodents. Although we agree that human impact through waste
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disposal almost necessarily changes local species community (Cavia et al., 2009), the
consequences may vary between habitats and regions.

While human presence is usually connected with the abundance of food sources for
small mammals (Feng and Himsworth, 2014), and thus species number may increase,
the structure of community drastically changes. Some rodents however are treated as
real commensals as they usually become highly abundant in close proximity of humans
(Aplin et al., 2003). Black rat (R. rattus) and house mouse (Mus musculus) are two
cases of commensal species that can take the advantage of potentially rich food
resources provided by such habitats. Moreover, black rats are so much connected to
humans that they are rarely found in the wild (Aplin et al., 2003); with its ability to
adapt to a wide array of resources and environments, this species may be the only
species within the habitat (Feng and Himsworth, 2014). Although introduced, Rattus
rattus is the only Muridae representative on Brijuni archipelago offshore the southern
Istria (see Figure 1) (Buzan et al., 2012)(Buzan et al., 2012). Also in our study, black
rats were found only in the largest waste sites (>1 ha: C3, C5) with food availability
(organic waste) and shelter (infrastructure waste) (Aplin et al., 2003; Wilson and
Reeder, 2005).

House mouse, however, is more ubiquitous since they are able to persist entirely in
both commensal and non-commensal habitats (Pocock et al., 2004). This is in line
with the results of the present study as the house mouse was present in a vast majority
of sites, and with 83 trapped animals (42 % of total) proved to be the most abundant
Muridae species within the area. The species also proved to be commensal as it was
most abundant in areas with higher anthropogenic impact. As such, it may also be the
most probable candidate for pathogen transmissions. Also two species, Apodemus
agrarius and A. flavicollis, were found in groups of sites from highest to lowest
anthropogenic impact. A. agrarius prefers moist river-valleys and areas with wet and
dense vegetation (Zub et al., 2012) and proved to be the dominant species in natural
and semi-natural groups of habitats. The forest and dense shrub stands, where there is
sporadic occurrence of fallen woody material, however, are preferred by A. flavicollis
(Flowerdew, 1985). Although the species was recorded in all three habitat types, its
occurrence dropped evidently towards habitats with large waste sites or human
settlements where it was trapped only once. Third Apodemus species (A. sylvaticus)
was absent from natural habitats with low anthropogenic impact, and almost two times
more frequent in habitats with medium anthropogenic impact than in habitats with
settlements or large waste sites. Despite the absence from the natural habitats, this
species in total was more frequent than A. flavicollis. It is a very adaptable species and
inhabits a variety of semi-natural habitats including all types of woodland, moorland,
steppe, arid Mediterranean scrublands, and sand dunes (Montgomery, 1989;
Vukicéevi¢-Radic et al., 2006).

Interestingly, most species were recorded in sites with medium anthropogenic
impact, where in our case habitat was changed due to inappropriate waste disposal
(average + standard deviation: 3.2 species + 0.8). The mixture of different environments
at these sites and potential food resources within the landscape units around these sites
allowed the species present in the region to occupy the urban ecosystem (Alard and
Poudevigne, 2002). These places can therefore serve as a border habitat for commensal
and native species. Moreover, waste sites in this study were recognised as possible
refuge for commensal and native rodent species, which enables integration and
increases possibilities of spreading of rodent-related diseases. Hence agriculture and
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urbanisation with the connected waste disposal activities will put humans at risk of
contracting a series of rodent-related diseases (Udonsi, 1989). Moreover, improper
waste management is driving the native species to local extinctions and replacing them
with invasive commensal rodents, thereby reducing biodiversity and ecosystem health
(Joyce et al., 2000).

As a quantifiable impact upon changes in rodent communities at our study area, we
can stress that while antibodies for Lymphocytic Choriomeningitis Virus (LCMV) was
present in 24.1 % of animals from the entire area (N = 83 individuals, see Buzan et al.
2012; Buzan, unpublished), seroprevalence was always much lower at the reference
sites (Croatia: 6.7 %; Slovenia: 9.1 %) than at the waste sites (Croatia: 39.0 %;
Slovenia: 33.3 %). Moreover, also the rate of parasitism (N = 103 individuals) was more
pronounced at waste sites (56 %) and less at the reference sites (44 %). Among 26
documented ecto- and endoparasites, eight could be potentially harmful also for people
(Buzan et al., 2012). Increased rates of both at the waste sites can influence not only to
the people but also to some predator species (e.g. foxes, common buzzards, cats; see
Hanski et al. 1991 for the complete list). Generalist predators can either adjust their
feeding choice to the available rodent species or switch to other available prey.
Although in some cases generalist predators can even profit from the increased density
of small mammals at the waste sites, they are also more exposed to the risk of
transferring some parasites and diseases. On the other hand specialist small rodent
predators (e.g. small mustelids; see Hanski et al. 1991) may be crucially influenced by
the community change despite higher densities of small mammals as they are even more
exposed to the possibility of parasite and disease transfers. Overall, our study results
indicate that multiple features of waste sites influence infection risk and parasitism of
host and suggest that synergism between traits can have important effects on predators
and people.

In the majority of studies the number of rodent-borne diseases relates to the rodent
population densities (Escutenaire et al., 2000; Olsson et al., 2002). Higher densities of
rodents increase the likelihood of contact between rodents and man, which leads to a
higher likelihood of disease transmission (Davis et al., 2004; Niklasson et al., 1995).
Transmission can occur by direct contact, by bites, through the pathogen contamination
of water or food sources (Slifko et al., 2000), or via arthropod vectors (Lindgren and
Gustafson, 2001). Introducing commensal rodents to waste sites enables them to
colonize the regions that are otherwise inhabited by native rodents, and gives them
additional abilities for transmission of infectious agents from commensal rodents to
native ones. Such contact favours the transmission of parasites by direct contact or via
oral-faecal routes (Slifko et al., 2000). The monitoring of Lymphocytic
choriomeningitis virus, flavivirus, Leishmania sp. and taxoplasmosis showed increased
seroprevalence infections in rodents sampled at illegal waste sites (Buzan et al., 2012;
Ivovi¢ et al., 2015).

Understanding rodent ecology and gene flow, including movement of commensal
rodents with respect to human expansion in urban landscapes, is critical for
understanding the dynamics of rodent-borne pathogens and is valuable for mitigating
human disease outbreaks (Mills et al., 1999).
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Conclusions

The present study shows that illegal waste sites can present a potential place for
spreading commensal rodents to the natural environment. These consequences of
urbanization represent threats to human health due to spreading rodent-related diseases
but will also drive the native species to local extinction and replacing them with non-
native species. The ecological and economic damage caused by illegal waste sites is
well known to the scientific community, but there is still a lack of awareness of these
problems in landowners and the population in general. Inevitabelly we showed that not
only the waste sites impact upon small rodents' community change, but also increase the
risk of native species being overcompeted by the invasive small rodents that further
influence on the entire ecosystem by exposing the native species (including their
predators) and people to more likely get infected by some zoonoses or parasites.
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