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Abstract — Infrastructure development is one of the major
threats to biodiversity in the forest. Roads are barriers which
restrict the movement of animals. It is therefore urgent to explore
characteristics of mammal life associated with forest road
crossings. Mammals cross forest roads very rarely compared to
the intensity of their movement within the forest. Data sets were
created by observing footprints in the snow. The study concludes
that forest roads are not an insurmountable obstacle for medium
and large mammals.
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|. INTRODUCTION

Large (moose — Alces alces, roe deer — Capreolus
capreolus, wild boar — Sus scrofa) and medium size (gray
wolf — Canis lupus, domestic dog — Canis lupus familiaris,
Eurasian lynx — Lynx lynx, racoon dog — Nyctereutes
procyonoides, red fox — Vulpes vulpes, European hare — Lepus
europaeus) mammals are typical for Latvian fauna with stable
populations of these species [1]. Basically the largest
proportion of their lives, these species spend in the woods
searching for food; however, they also spend some time in
field margins, scrub areas and river floodplains.

Large and medium size mammal habitat — the forest
occupies 3.2 million ha of Latvia [2], which is half of the
entire territory of the country. The Latvian forest sector plays
a vital role in the national economy, in 2010 it accounted for
5.3 % of gross domestic product [3]. To ensure sustainable
production, stable resources such as timber are required
throughout the year. An average of 380 km road surfacing of
new forest roads every year has been built and existing roads
are maintained or reconstructed by the Joint Stock Company
“Latvian State Forests” (LVM = LSF), which is responsible
for managing of more than a half of the total Latvian forest
area. Overall, Latvian forest roads (managed by LVM) are
characterized by a linear arrangement, which is like a barrier
restricting the movement of animals [4].

Forest road construction causes forest fragmentation, which
is due to have an impact on biodiversity, including on large
and medium size mammals migration and movement [5], [6],
[7], [8], [9] and [10]. Development of infrastructure is
considered to be one of the major threats to biodiversity,
especially in regard to rare and protected species, their
movement and migration [11]. If the roads do not directly
affect mammals, they still willingly choose to avoid the
immediate vicinity of the road area and choose less disturbed
areas as their place of residence. This is mostly due to
everyday road disorders such as artificial barriers, traffic

danger and pollution, as well as noise [12], [13], [14]. Various
other studies have indicated that the development of the road
network has had a significant impact not only on large and
medium size mammals, but also on birds [15], [16], [17],
amphibians and reptiles [18], [19], [20].

Research on the influence of forest roads on wild animals
clearly states that the influence is significant and almost
always negative [21], [22], [23], [24], [25], [26], [27]. However,
it must be noted that the influence of forest roads on the
migration of large and average-size mammals [28], [29], [30],
[31] influenced by the development of the infrastructure in the
forest, has been researched insufficiently. The research in this
article comprises an analysis of migration of animals in
Latvian forests that have received relatively little attention
until now. The habits and migration of the abovementioned
mammals have also been researched in a scanty manner with
no analysis of dedicated data to enable to identify the precise
influence of the forest roads [32], [33], [34], [35].

With reference to the abovementioned, the following
research hypothesis is put forward: forest roads have
significant impact on the movements of large and medium size
mammals. The objective of the research: to identify the effects
of forest roads on the movement of mammals. During the
research, data analysis was conducted to compare
observations, using the mammalian species as the basis for the
evaluation. Thus it will be possible to determine whether there
are any differences between the features of the movement and
their intensity among different species of animals.

Il. METHODS

A. General Study Design

The open field work was carried out in the Salacgriva
District (Latvia) in the area of an existing forest tract (Fig. 1).
New forest road construction, as well as the maintenance of
existing forest roads, was carried out in the forest tract in
question. The central part of the forest tract is comprised of a
forest under the ownership of LSF. The structure of the
property also includes forests belonging to other owners;
however these forest plots are mostly located along the
external borders of the array, and do not directly affect the
study area.

The total forest landscape consists of commercial forests,
the objects of infrastructure with some small areas - glades.
Animal species used in the study inhabit the relevant
distribution area and are known to have stable (Canis lupus,
Lynx lynx) and growing (Alces alces) populations. Lepus
europaeus distribution in the study area is assessed as low, as
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the typical area of the speciesfields with forests rather than a
continuous forest massif.
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Fig. 1. Latvia. Forest road network in Salacgriva district.

Forest road density is relatively low, thus preventing the
accommodation of appropriate control lines in the survey area.
Natural roadways were not considered forest roads in the
current study. The researched territory occupied 5.9 km? of the
total forest. It includes the following routes: Kraukli way —
1.98 km, Purvmali track — 2.50 km and Vedamurga way —
1.42 km. The density of the forest road in the study area is
1 km per 100 ha which is lower than the average ratio for the
forests managed by LSF. The reason for the lower ratio in this
case is due to the existence of unpaved roads within the area
of the study, which is necessary for timber transport.

For the purposes of the study, the forest roads selected were
such that directly adjoin the forest without barriers (e.g. open
water, fences, steep slopes) along their sides that might affect
the study results. On the onset of the study, a gravel pit of
1.5 ha that adjoined the road Kraukli and stretched as a 250 —
meter band was set up in the forest of research. As the open
field work was done in the winter (January to March) in 2012,
2013 and 2014, and gravel excavation — in the summer, it did
not directly affect the mammals and it is also to be mentioned
that the pit’s area is less than the average clear-felling in the
forests managed by LSF. Taking into the consideration the
fact that it was determined that the pit is less likely to be a
nuisance, the decision was made to continue counting
footprints in that area.

Forest roads are used for forestry work, including timber
transport and provision of mobility. As forest roads have
specially built connections to local roads, they are also used by
local residents for social interests such as berry and mushroom
picking as well as hunting, bird watching, transportation,
access to their own properties, etc.

B. Plot Dimensions

For each forest road section where the study was conducted,
a specially arranged control parallel line was established. The
control lines were established from 800 m to 900 m from the
road, depending on their position within the field. According
to the advice given by M. P. Huisjer and P. J. M. Berger in
their study on small mammal movement, it is advisable to
choose the control lines as far as possible from the forest path,
taking into the account the density of the network of the roads
and the existing capability, therefore a distance of at least
800 m whenever possible is recommended [36].

For the current study, the function of the control lines forest
tract of the paths (the on-site dividing belt of the
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compartments) was adopted. Using the firebreaks it was
achieved that the control lines are fixed and constant in
repeated studies as well as their length are also constant. This
means that forest roads as well as firebreaks are equal in
length and are parallel (except one control plot), thus
maintaining a consistent distance one line from the other
(Fig. 2). The first study area — was a 1870-meter-long forest
road, the second study area — 720 m and the third area of the
study — 730 m. For all roads used in the study, equally long
lines of control were developed. The total survey distance was
6640 m.
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Fig. 2. Study area. One line shows forest road, two lines - control.

C. Footprints

The observation of large and medium size mammal
footprints was carried out to enable the determination of the
intensity of movement and migration of the animals in the area
in question. The footprints were counted when the ground was
covered with snow. Only the footprints which were no older
than two weeks were taken into the account (the age of the
footprints were determined by measuring the level of
precipitation). In 2014 the open field work was carried out in
two-day-old snow as the amount of snow in the winter of 2014
was limited. In December of 2013 as well as January,
February and March of 2014, the average depth of snow cover
in Latvia was only 1 cm [36]. The abovementioned conditions
impaired the compilation of data as the shallow coverage of
snow did not make it possible to acquire reliable results. Up to
March 18 of 2014, the research area was covered with 10 cm
of settled snow. On March 19 it was possible to detect the
movement of animals. It is crucial for the research to perform
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the observation of the forest road and the control line on the
same day in order to prevent the occurrence of additional
footprints.

Large and medium size mammals (Alces alces, Capreolus
capreolus, Sus scrofa, Canis lupus, Canis lupus familiaris,
Lynx lynx, Nyctereutes procyonoides, Vulpes vulpes, Lepus
europaeus) were listed in the study. Large predators (Canis
lupus, Canis lupus familiaris and Lynx lynx) were included
into a single group to rule out errors in identification of the
footprints, which may occur in loose snow whilst crossing the
control lines with high ground vegetation density (Vaccinium
myrtillus and Vaccinium vitis — idaea shrub). Similarly, small
carnivores (raccoon dog and red foxes) were grouped in a
single group. An uncharacteristic forest species — domestic
dog (Canis lupus familiaris) was included in observations, it is
connected with the peculiarities of the species as it
periodically travels in Latvian woods when it strays from its
home.

Sus scrofa footprints were accounted using two methods. If
the forest road or a control line was crossed by one individual,
it was relevantly ticked as one animal. If footprints of a group
of wild boars in which (in the majority of cases) the animals
followed one another were found, this was considered as one
group, without determining the precise number of animals in
the group. The number of animals in some groups can range
up to 3 (number is based on biology of species and personal
observations at wild boar feeding places) individuals in the
study area.

Small mammal (red squirrel — Sciurus vulgaris, European
pine marten — Martes martes, beech marten — Martes foina,
stoat — Mustela erminea and European badger — Meles meles)
footprints were also found but their track record is not used in
this study due to the complexity of identification of these
footprints in deep snow and the vagueness in their movements
as some of the species use the canopy of the trees.

D. Data Analysis

First it was essential to check in the analysis of data,
whether factors such as the year of observation and the
difference in species, the footprints of which were observed,
may have significant impact on the migration behaviour of the
mammals. For this purpose, the analysis of variance
(ANOVA) was used. Before this test was carried out, the
author of the research determined that the number of observed
footprints did not vary much compared to the control fields.
Therefore, the data of the whole territory of the control fields
were combined and united into one set, to which then the
analysis of variance to determine if any of the above
mentioned factors significantly influenced the movement of
mammals was applied.

Dispersion analysis led to the conclusion that the year of
observation had no significant effect on the mammalian
movement patterns, so this factor was further excluded from
the further analysis. In other words, the data set that enabled
the author to carry out the analysis of variance to determine
the effect of species on their mobility patterns, disregarding
the year of the observations or the site (control fields) was

obtained. The analysis of the confirmed hypothesis that the
species of the animals had a significant impact on their
mobility patterns on forest roads and firebreaks (p < 0.05).

Data analysis gave rise to another hypothesis, which claims
that mammals cross the firebreaks more than forest paths.
Prior to that, the analysis of variance had been carried out. It
indicated that the year of observation had no significant effect
on the quantities of the observed mammalian footprints.
Therefore, the data collected in all years were combined
together in a single set, grouping them by species of
mammals. Then, using the acquired data set, the comparison
of the number of footprints left on the firebreaks and on the
forest roads was performed applying the t-test.

I1l. RESULTS

During the study, 529 footprints of animals were identified
(Fig. 3). In the first two years of study (2012 and 2013), the
number of observed footprints of animals was relatively
similar namely 223 and 217. However, during the
observations made in the spring of 2014 only 89 footprints
were found. This was due to the scarcity of the snow and the
fact that it is possible to detect the footprints left by the
animals one or two days at most in the temporary snow. The
initial findings showed that the majority of the footprints of
the mammalian were found on the forest firebreaks, which
corresponded to the first control field — 65 %; the second —
64 %, and the third — 81 % respectively of the total number of
the detected footprints. The absolute dominance of Capreolus
capreolus was observed both on the forest firebreaks and
forest roads. In fact, this was explained by the migration of
species, their feeding and living habits. The abovementioned
species often acquires its food in direct proximity of the roads
that can probably be explained by thinner settling of the snow
enabling the animals to procure nutrition and escape from
predators.

Similarly, when the animal footprints were recorded, it
could be observed that the sides of the firebreaks or the
firebreaks themselves were frequently chosen as beddings as
visually it could be noticed that there was denser verdure with
the shrubs of different species. Shrubs are an important food
supply for Capreolus capreolus in winters. Similarly like it is
with the forest roads, the vegetation that grows on the
firebreaks and their edges is less effected by competition with
tree-plants for light and moisture.

Large carnivores and Lepus europaeus were found in
relatively few cases or were not detected at all, due to the
vastness of the territory inhabited by an individual or inferior
density of the population. Although the data collected on large
carnivores were small in number, they still demonstrated the
existence of this species in the forest as also gave us insight on
the trends of movement or migration, as it was shown by the
data that had been collected within three years. In other words,
in all the cases observed 64 % of footprints were recorded on
the forest tract. But at the same time, the abovementioned
species groups had crossed forest paths thus confirming their
migration and movements.
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Fig. 3. Animal-footprint observation over the years and observation numbers.

The results clearly indicate that the largest mammal that
inhabits Latvian forests — Alces alces was reluctant to cross
the forest roads. Only 9 % of Alces alces crossed the forest
road, otherwise they spent their life cycle within the forest
tract. Although Alces alces is considered to be the largest wild
animal and it would have no difficulty in crossing the forest
road, i.e. no difficulties to overcome, the species prefers to be
discreet and not to reveal its presence in the forest. This
confirms that the species periodically settles down to live in
one place — in the part of the forest tract and leaves it only if
external circumstances change or a sudden disruption occurs.

Sus scrofa observations suggest that specimens migrate
both alone and in groups but in no cases would they choose to
cross forest roads. They would rather make movement within
the forest. Accordingly, 74 % (group) and 62 % (single)
observation cases were recognized on the forest firebreaks.

Firstly the influence of the set of factors (the time of the
survey, species) on the results of the study was determined.
whilst carrying out the analysis of variance (Tablel) the
author found out that there was no significant difference
between the footprints and the particular year of observation,
so it was possible to use the data without performing the
elimination and systematization of time chart (all p > 0.05).
However, by consolidating the number of footprints left by
different species, it was discovered that the influence of
various species indicated onto the significance of the results of
the current study (p < 0.05 in four places).

TABLE |

INFLUENCE OF FACTORS ON FOOTPRINTS OF ANIMALS IN DIFFERENT CASES
OF OBSERVATION (P VALUES)

Factor | Cont._1 | Road_1 | Cont._2 Road_2 | Cont._3 | Road_3
Year 0.05 0.77 0.29 0.63 0.47 0.11
Species | 0.0514 | 0.000502 | 0.0299 0.00951 0.012 0.0916
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Performing t-test analysis (Table II), observing the years of
survey and the animal footprints it can be noticed that there is
a significant difference between the number of footprints of
large and medium size mammal footprints on the forest roads
and on the firebreaks in the first two years of observations.
The third observation year shows no significant difference
between the number of footprints on the forest roads and on
the firebreaks (p > 0.05).

TABLE Il
INFLUENCE OF THE FOREST ROADS AND FIREBREAKS ON ANIMALS
(P VALUES)
Cont._1 | Road_1 | Cont._2 | Road_2 | Cont._3 | Road_3
Species | Pvalue | 0.02564 | Pvalue | 0.03518 | Pvalue | 0.08479

Looking at the trends in each individual species’ movement
the observations show that there is no significant difference
between forest roads and forest firebreaks when the footprints
are divided by species or groups and each study observation
site in particular (Table 111). The results show that the number
of observations is essential. As an example, Lepus europeus
and large predators, which have the highest P value and the
lowest figures in the number of observations, can be
mentioned in comparison with Capreolus carpeoulus, which
has the lowest P value and the highest figures in the number of
observations.

However, summarizing the data compiled within three
years, it is evident that the effects of forest roads is essential
only for Capreolus capreolus movement (P =0.04). The
number of identified footprints of deer comprises 47.4 % of
the total amount of data. Due to this reason, the significance of
the rest of the group of species observations is not so notable
due to the relatively small number (Alces alces P =0.099,
Lepus europaeus P = 0.86, Sus scrofa (group) P = 0.16 Sus
scrofa (alone) P=0.39, P=Small predators 0.15, Large
predators P = 0.31).
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The diagram (Fig. 4) was drawn by combining three years
of data collected in six observation lines. The median of the
number of footprints indicated by large and medium size
mammals on the roads was lower than in the control. This
shows that the number of footprints on the forest roads is
relatively small.

TABLE Il

FOREST ROAD EFFECT ON MOVEMENT OF DIFFERENT SPECIES (P VALUES)
Species Cont._1 Control_2 Control_3

Road_1 Road_2 Road_3
Alces alces 0.32 0.51 0.42
Capreolus 0.43 0.34 0.14
capreolus
Lepus europaeus 1 0.42
Sus scrofa (group) 0.39 0.27 0.27
Sus scrofa (alone) 0.46 0.23 0.73
Small predators 0.55 0.24 0.63
Large predators 0.74 0.74 0.42

Having summarized the observations carried out within all
years of the survey without identifying the species, it was
determined that there is a significant difference between the
observed number of footprints on the forest roads and
firebreaks (P =0.001). A total of 63 observations for each
group of animals was carried out in several years, and performed
on different observation sites were used. The deviation of data
was evaluated by t-test analysis of the data set. The results of
the test led to the conclusion that there is a significant
difference between the observed number of footprints left on
the firebreaks and forest roads (P value < 0.01).

IVV. DISCUSSION

On the whole, all the data of the observations in accordance
with the year they were complied and the species they
represented were summarized. From 529 observations 69 %
were recognized on the forest firebreaks, 31 %, in turn, were
observed on the forest roads. It initially showed the effects of
forest roads on the movement and migration of animals
therefore it can be considered to be a restrictive factor which
the animals do not willingly cross due to the reasons known
better to the representatives of each species.

The data from the observation studies (Fig. 2-3,
Tables I-111) indicate that forest roads inhibit the movements
of large and medium size forest mammals. Thus confirming

the hypothesis of the study that the effect of forest roads on
large and medium size mammal movement is significant
(P = 0.001). The open field work observations over the years
have shown that the results do not depend on the year of
compilation of data (Table I). Thus further data processing
was performed without identification of the particular
observation time (years).

The acquired results indicated that if the data is divided
taking the factor of species as the basis for the evaluation,
there is no significant difference between the observed number
of footprints on the firebreaks (control) and forest roads.

This is explained by the small number of observations for
such species or groups as Lepus europaeus (low density of
population) and large predators (large territory for one
individual). In turn, Alces alces and Sus scrofa (group)
observations were not made in 2014. With increasing number
of observations of footprints, the value of P (Capreolus
capreolus P =0.04) decreased. The relatively low P values
were found for Alces alces P =0.099 and small predators
P = 0.15. Despite the fact that Alces alces showed less number
of observations as a small predator it still showed a lower
P value. The fact can be explained by the specific character of
the species as for example its feeding habits. For small
carnivores — roads are often an important place in their
feeding as they feed on the remains of animals killed in road
accidents. Feeding database of Nyctereutes procyonoides
contains reptiles and amphibians [39], which inhabit the
ditches along the road sides or are also killed in road accidents
due to traffic [18], [19], [20]. Thus, compared with Alces alces,
small predators suffer a less significant impact of forest roads.

The data compiled during the winter of 2014, due to scarce
snow, pointed to the existence of large and medium size
mammals living in the forest tract, which was attested by the
footprints found both on firebreaks and on forest roads. The
analysis of the data did not indicate any specific matches in
the intensity of the movement. In fact, the animal movement
in fresh snow is very limited, which could be explained by the
potential threat from predators [40], the decline of the rhythm
and activity of animal life caused by the presence of snow in
the woods [41] or a rapid change in circumstances requires
some adaptation period to resume a normal life [42].

Although the results of the study confirmed the significant
impact of forest roads on the overall movement of animals
within the forest tract, they also stated that they do not restrict
their crossing, which is an important precondition for the
further exchange of genes and the sustainable existence and
survival of the large and medium size mammal population.
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Fig. 4. Number of footprint showed by large and medium size mammals in road and control lines. The boxes represent the inter-quartile range and the median is
indicated by the bold horizontal line. The vertical lines at the top of the boxes extend to the largest value within 1.5 times the interquartile range [23]. In this
particular, case the vertical lines all reach the maximum value of the variables concerned.

In parallel to the performed observations, a significant
feature was noticed during the field work — the animals more
willingly choose to cross a forest road in definite places. As
such observations and relevant conclusions were not the aim
of the research, they will be addressed in the further course of
research work to be able to evaluate the presence of different
elements (distinct tree species or groups of tree species, road
track, the trees on either side of the road forming definite
canopy, the alternation of the linear road grade and the cross
profile of the road, large dimension culverts, etc.) or
nonexistence of (undergrowth not more than 1 m high, open
forest tracks, road-sides with or without bushes and shrubs,
etc.) on the migration and movements of the animals. This
further research will make it possible to evaluate the influence
of the reconstruction of already existing and the construction
of planned forest roads on the migration and movement of
animals. Taking into account and applying the facts acquired
in course of the research, it will be possible to reduce the
influence of the forest roads on the movement and migration
of animals.
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