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Abstract. Infrastructure is one of the main causes of landscape fragmentation, which results in isolation and loss of populations.
Although the negative effect of roads on insects is well documented, only a minority of studies has focused on roads in the context
of barriers to dispersal. Flying species in particular have been neglected. We investigated the effect of a four-lane motorway as
a barrier to the movement of an isolated population of the threatened dragonfly Sympetrum depressiusculum in an agricultural
landscape in Central Europe. Generalized additive models were used to assess the motorway’s effect on (i) the distribution of
adult dragonflies in patches of terrestrial habitat surrounding their natal site, and (ii) individual flight behaviour (i.e. willingness or
unwillingness to cross the motorway). Movement patterns of marked adults throughout the landscape were also investigated. Dur-
ing one season, significantly fewer adults were found at patches located on the far side of the motorway, indicating it has a barrier
effect. Observations on flight behaviour revealed no apparent effect of the motorway. The possible barrier effect for the species
studied was therefore presumed to be a consequence of road mortality. Our results indicate that the motorway may influence the
dispersal of this threatened species of dragonfly, which is a habitat specialist with particular requirements for its terrestrial environ-
ment. Negative effects on other species with similar behaviour and strategy can be presumed. When establishing new habitats,
carrying out reintroductions or translocations, it is necessary to consider that roadways may reduce population size and affect

population dynamics by limiting dispersal.

INTRODUCTION

Landscape fragmentation and degradation of natural
habitats are direct consequences of recent human activity
(Hanski & Ovaskainen, 2000). Agricultural land consists
of a mosaic of microhabitats, only a portion of which are
favourable habitats. In combination with fragmentation,
these limitations can lead to isolation and loss of popula-
tions (Mader et al., 1990; Thomas, 2000; Forman et al.,
2003). Even though infrastructure is one of the main causes
of landscape fragmentation (Findlay & Houlahan, 1997;
Van Bohemen, 1998), the issue of its effect on wildlife
is long neglected. Once this came more to the forefront
of concern, the majority of studies focused primarily on
mammals and birds and, less frequently, on amphibians
and reptiles (Spellerberg, 1998; Trombulak & Frissell,
2000). Insects, meanwhile, remained only a marginal
group for study, despite the fact that it is a species-rich
taxon with rapid generation times and is therefore a good
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indicator as to the ecological effect of roads (Askling &
Bergman, 2003). The negative effect of roads on various
groups of animals is nevertheless well known, and in-
sects are no exception in that regard (Trombulak & Fris-
sell, 2000; Jones & Bond, 2010; Jackson & Fahrig, 2011;
reviewed by Muioz et al., 2015). There is evidence that
roads negatively affect both the abundance and diversity of
insects (Mufioz et al., 2015). The negative effect of roads
is manifested in three main ways. First, roads are a barrier
to the movement of individuals (Bhattacharya et al., 2003;
Keller & Largiader, 2003). Second, they constitute a direct
source of mortality due to collisions with vehicles (Seibert
& Conover, 1991; Rao & Girish, 2007). Third, roads are a
considerable source of pollutants (Martel, 1995; Petranka
& Doyle, 2010).

In recent decades, a number of studies have focused on
the effect of roads on various groups of insects. Only a
fraction of these, however, have examined this issue in the

OPEN @ ACCESS

391



gigutové et al., Eur. J. Entomol. 114: 391-399, 2017

context of barriers to the dispersal of individuals. Within
this fraction, moreover, flying insects as a target group
have accounted for only a negligible number of studies,
probably reflecting a general belief that roads constitute a
barrier mainly for small and flightless species (Noordijk
et al., 2006). Roads may, however, also pose a barrier to
the movement of flying individuals, not only via direct
mortality during crossing attempts but also by influencing
behaviour such as the animals’ unwillingness to cross (e.g.
Forman et al., 2003). This barrier effect occurs because
roads constitute a specific formation in the landscape with
characteristics different from those of their surroundings
in terms of, for example, temperature, thermodynamics
and polarized light (Kriska et al., 1998; Seiler, 2001). It is
well proven that many invertebrates react significantly to
differences in the microclimate and openness of the sub-
strate between the road surface and its verge (Mader, 1988;
Mader et al., 1990). For instance, Dennis (1986) observed
a high incidence of crossing avoidance in certain butterfly
species. These factors may thus also have a significant ef-
fect on the behaviour of dragonflies. Most studies on this
group, however, deal with road mortality (Mufioz et al.,
2015). According to Riffel (1999), in many dragonfly spe-
cies females are more susceptible to collisions with vehi-
cles. This may be due to the different behaviour patterns of
females inasmuch as they more frequently fly further from
their aquatic habitats to find food sources and avoid harass-
ment from males (Foster & Soluk, 2006). Butterflies, on
the other hand, may exhibit exactly the opposite trend (Mc-
Kenna et al., 2001; Rao & Girish, 2007). Askling & Berg-
mann (2003) show that in butterflies the barrier effect of
roadways is species-dependent. Another study proves that
the barrier effect of roads on butterflies manifests itself dif-
ferently for open versus closed populations and indicates
that roads should not be a barrier for groups with higher
movement capability (Munguira & Thomas, 1992), but
specific analyses of this proposition are lacking (Mufioz et
al., 2015). Direct observations of dragonfly flight behav-
iour indicate that roadways probably do not cause immedi-
ate crossing avoidance but, depending on the species, may
result in an increase in their mortality (Rao & Girish, 2007,
Soluk et al., 2011).

From a conservation perspective, dragonflies are good
indicators of the magnitude of the ecological effect of
roads on insects because of their sensitivity to landscape
fragmentation (Mufloz et al., 2015) and relatively long-
lived adult stages (Soluk et al., 2011). In general, popula-
tions of rare and endemic species are more susceptible to
barrier effects and isolation. Moreover, species with exten-
sive home ranges and large area requirements will need to
cross roads more frequently than the smaller and less mo-
bile species (Seiler, 2001). This might be the case for Sym-
petrum depressiusculum (Selys) (Odonata: Libellulidae), a
habitat specialist that is threatened because its natural habi-
tats have mainly vanished throughout Europe and which
now persists mainly in local, isolated populations. In the
European Red List, it is ranked as vulnerable, and it is red-
listed throughout Central and Western Europe (Kalkman
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et al., 2010). Despite strong philopatry, the home range of
S. depressiusculum is relatively extensive and the species
requires a diversity of terrestrial habitats because individu-
als use various habitats at different times during its matu-
ration and adulthood, even at considerable distances from
their aquatic habitats (Dolny et al., 2013, 2014; Hykel et
al., 2016). It is therefore likely that the potential barrier
effect of a roadway in the vicinity of a natal site would
prevent this species dispersing throughout the landscape
and thus reduce the possibility of it colonizing suitable new
habitats that are sparsely distributed.

The present study investigated the effect of a four-lane
motorway as a barrier to the movement of adult S. depres-
siusculum. Specifically, the aims were to investigate:

(i) whether the presence of a motorway affects this drag-
onflies’ distribution around its natal site and use of terres-
trial habitats;

(1) whether there is any effect on behaviour, such as an
unwillingness to cross the motorway; and

(iii) the movement patterns of S. depressiusculum
throughout the landscape.

MATERIAL AND METHODS

Study site

This study was conducted during 2014-2016 within the River
Sedlnice catchment in the northeast of the Czech Republic. At
this specific location, a numerous population of Sympetrum de-
pressiusculum persists in a single farm pond (49°38°05.6"N,
18°06°04.3"E) used annually for rearing common nase (Chon-
drostoma nasus). In the vicinity of the pond are four variously
managed farm ponds that are unfavourable environments for this
species of dragonfly (Sigutova et al., 2015), and all five ponds
are surrounded by an agricultural landscape (mainly variously
managed agricultural fields and hay meadows) with remnants of
a floodplain forest. To the north of the natal site, at a distance of
about 200 m, the landscape is intersected by the four-lane E462
motorway. This section of motorway has a maximum speed limit
of 100 km/h and average annual daily (24 h) traffic count of
13 035 vehicles (RSD CR, 2015). Both sides of the road offer
similar types of patches of terrestrial habitat (Fig. 1). The study
site is isolated, with the closest known population of S. depres-
siusculum occurring about 100 km from the target locality (Dolny
& Sigutova, pers. observ.).

Field sampling
Effect of motorway on the distribution of adults

To investigate whether the motorway acts as a barrier to the
movement of adults and how it affects their distribution, 27
habitat patches (10 x 10 m) were delineated at distances of 300
and 500 m from the natal site. Each patch on both sides of the
motorway was assigned to a particular habitat: ruderal area or
abandoned field (both marked as “abandoned area” in Fig. 1),
arable field, or grassland. These habitat patches were of similar
quality on both sides of the road (similar vegetation cover and
structure, land use). During sampling, 13 individual walks were
made at regular intervals during the main species flight period
(between 25 July and 17 September 2014). During these walks,
monitored patches were visited and the abundance of adult indi-
viduals recorded. All observations were conducted between 1000
and 1600 h CEST only on windless days with cloud cover less
than 20%. This survey was repeated in 2016 (2 August — 11 Sep-
tember) but only at 21 habitat patches at a distance of 300 m, and
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Fig. 1. Location and detailed map of the study area showing the
natal site and location of the transects. Patches marked with aster-
isks were studied in both 2014 and 2016.

12 individual walks were made. Some of the patches also studied
in 2014, however, had to be slightly shifted or their locations had
to be completely changed because of changes in the landscape
(mainly due to different management practices in the fields and
hay meadows). During both seasons, the management (i.e. such
disturbances as mowing the meadows or harvesting the fields) of
the patches were recorded.

Effect of motorway on flight behaviour

The potential avoidance behaviour resulting in adults not cross-
ing the motorway was investigated directly by means of observa-
tions along three transects (each 50 m long and 10 m wide). In
an area about 450 m distant from the natal site (see Fig. 1), two
transects were placed parallel to the motorway with the midline
10 m from the edge of the motorway and one along each side. As
a control, one transect was placed in a field 50 m from the motor-
way. There was no direct view of either the motorway or natal site
from the control transect. All surveys were conducted between
1000 and 1500 h CEST in random order at each session in the
species’ main flight period during July—September 2015. Eleven
walks were made along each transect. During these walks, adults
were disturbed while roosting and the direction of their escape
flight recorded. Three possible directions were distinguished: (i)
directly upwards (i.e. individuals just flew up and returned to the
area from which they were disturbed), (ii) towards a field/mead-
ow, or (iii) towards the motorway. It should be noted that such
behaviour was tested only for sections without high vegetation,
where only the motorway was a barrier to dispersal.

Movements of adults throughout the landscape

Two transects (each 850 m long and 10 m wide, placed paral-
lel to the road, with the midline 25 m from the motorway) were
established to investigate the pattern of adults’ movements in re-
lation to the motorway. Every transect was divided into 11 sub-
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sections, each of which was 50 m long. Between 3 August and
29 September 2014 (covering the main flight period of adults),
eight walks were made at regular intervals (approximately 7
days) along each subsection. Unmarked and marked individuals
of both sexes were sought. Captured individuals were marked on
the wings using a unique code with a permanent marker and later
released into the middle of the subsection within which they were
captured. Crossings by adults that were not captured were also
recorded. The capture-mark-recapture study was simultaneously
conducted at the natal site. During the flight season of S. depres-
siusculum (between 7 July and 30 September 2014) 25 individual
walks were made along transects 5 m wide on the embankment.
Each individual captured (either teneral, juvenile or adult) was
marked on the wings using a unique code. Marking was carried
out at regular intervals (depending on weather conditions). The
length of individual walks around the perimeter of the pond was
equal in order to avoid uneven distribution of samples in time
(season) and space. Captured individuals that were previously
marked at subsections in the vicinity of roads were noted. The
movements of all marked adults that crossed the motorway (ei-
ther from transects or the natal site) were recorded.

Data analyses

Because seasonal changes in the abundance of individuals
were initially expected, the overall effect of the motorway on
the distribution of adults was analyzed using a generalized addi-
tive model (GAM) with integrated smoothness estimation in the
mgcv 1.8-11 package (Wood, 2006). The “gam” function with
restricted maximum likelihood (REML) was used for smoothness
selection (Wood, 2011). Inasmuch as it was not possible to con-
sider patches at the same locations as (qualitatively) similar in
various years, data for individual years were evaluated in sepa-
rate models. In these models with negative binomial distributions,
the abundance of adults was always the response variable while
habitat type, management, position in relation to the road and dis-
tances from the natal site were explanatory variables. The GAM
was used with negative binomial distribution of errors to assess
the effect of the motorway on individual flight behaviour. Three
separate models for different locations (near side of the road, far
side of the road and control) were utilized for the overall compari-
son. In these models, the abundance of individuals was always
the dependent variable and the direction of flight the independent
variable. In all models, the temporal variation in abundance was
included as a smoothing term of the variable period. All analyses
were performed in R 3.2.2 (R Development Core Team, 2015).

RESULTS

Effect of motorway on the distribution of adults

In both years, abundances of adults at individual habi-
tat patches on the far side of the motorway differed sig-
nificantly from those at patches on the near side of the mo-
torway (F,, , = 8.80, P = 0.003; F, = 7.87, P = 0.005,
respectively). Situation in 2016, and at the beginning of
2014 season, when the abundances of adults at individual
habitat patches on the far side of the motorway were sig-
nificantly lower, indicated that the road was a barrier to
adult movement (Fig. 2). However, this situation may vary
significantly over time depending on disturbances related
to management practices (mowing, harvesting). In 2016,
management had no significant effect on the occupancy of
individual patches (F=0.12, P=0.727). In 2014, however,
management activities were so asymmetrical as to com-
pletely change the occupancy of patches on both sides of
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Fig. 2. Mean number of individuals of S. depressiusculum record-
ed in patches of habitat on the near (solid line) and far side (dashed
line) of the four-lane E462 motorway in the north-east of the Czech
Republic in 2014 (a) and 2016 (b). In both years, the abundance
of adults in particular habitats on the far side of the motorway were
significantly different from those on the near side, which indicates
that the road was a barrier to adult movement, at least in 2016.
Error bars represent 95% confidence intervals.

the road (F = 4.54; P = 0.034; Fig. 3). The abundance of
individuals depended significantly on the type of habitat
(F,,, = 26.69, P <0.001; F,, = 3.75, P = 0.025, respec-
tively), with adults preferring ruderal areas, while the ef-
fect of the distance of a particular habitat patch from the

natal site was not significant (¥, = 0.19, P = 0.66).
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Fig. 4. Direction of the escape flights of adults of S. depressiuscu-
lum disturbed in linear transect (a) control, (b) on the near side of
the motorway and (c) far side of the motorway. Possible directions
were: directly upwards (returning to the same area from which they
were disturbed), towards a meadowf/field, or in the opposite direc-
tion towards the motorway. Most individuals returned to the same
area from which they were disturbed but the direction of escape
flights from all transects was random and the motorway had no
apparent effect of on the behaviour of the adults. Superscripts a
and b represent significant differences between mean number of
individuals flying in particular directions.
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Fig. 3. Relative changes in the abundance of S. depressiusculum over the whole period of the study (between 25 July and 17 September
2014) in terrestrial habitats on the near side (a, b) and far side (c, d) of the four-lane E462 motorway in the north-east of the Czech Repub-
lic in 2014, which indicates that the disturbances at habitats on the near side (b) and far side (d) of the motorway differed in their effect.
Relative changes in abundance of individuals at undisturbed patches were very similar (a, c). Shaded bands represent 95% confidence

intervals.
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Table 1. Numbers of marked and recaptured individuals of Sympetrum depressiusculum recorded at the natal site and along linear tran-

sects during its flight season in 2014.

Location Marking days Marked (3/9) Recaptured (3/9) Capture events (3/9)
Natal site 25 1,635/1,366 18/13 1,653/1,379
Linear transects

Near side of the motorway 8 228/38 7M1 235/39

Far side of the motorway 8 143/38 6/1 149/39
b2 30 2,006/1,442 31/15 2,037/1,457

Effect of motorway on flight behaviour

Observations of escape flights revealed that most indi-
viduals returned to the same area from which they were
disturbed (control: F = 17.95, P < 0.001; near side of the
road: F=15.69, P <0.001; far side of the road: F'= 14.26,
P < 0.001), but the direction of escape flights recorded
along transects was random with no apparent effect of the
motorway on adult behaviour (Fig. 4).

Movements of adults throughout the landscape

In 2014, a total of 3,448 individuals were marked. Of
these, 46 adults were recaptured (Table 1). The majority of
recorded movements were related to displacements within
the natal site (31), and only 12 movements were recorded
between the natal site and the linear transects located on
both sides of the road. Of these, 5 movements were from
the natal site to a terrestrial habitat while 7 individuals
headed in the opposite direction. Of these 12 movements,
seven (= 58%) were across the road. Ten displacements
solely within a terrestrial habitat were recorded, out of
these, seven (= 70 %) were across the road (Fig. 5).

DISCUSSION

Understanding whether roads act as barriers is essential
to developing successful species management programs
for many threatened species, but such information is large-
ly unavailable for most insect taxa (Shepard et al., 2008;
Muiioz et al., 2015). Our results indicate that the motorway
did not result in avoidance behaviour by adults of S. de-
pressiusculum but did act as a barrier to their movement

Fig. 5. Movements of Sympetrum depressiusculum recorded in
the vicinity of and on the far side of the E462 motorway in the
north-east of the Czech Republic in 2014. Dark coloured circles
indicate captured individuals and light coloured circles recaptures
(M — male, F — female).

within the terrestrial environment, at least in 2016. The
majority of studies focusing on the barrier effect of roads
are notably biased towards road mortality, while studies
on avoidance behaviour are rare (Shepard et al., 2008).
Similarly, most studies focus on insects killed by vehicles
during crossing attempts and predominantly target flight-
less species. In their review, Mufioz et al. (2015) conclude,
however, that flight itself does not ensure that species are
not affected by the barrier effect of roads. In other words,
the ability to fly does not mean that an individual will try
to cross or that if it does so it will succeed in reaching the
other side.

Several studies have attempted to quantify roadkill
events of flying insects and found significant variation in
mortality between orders and depending on traffic volume
(e.g. Munguira & Thomas, 1992; Yamada et al., 2010;
Skorka et al., 2013; Baxter-Gilbert et al., 2015). Some
have even focused on dragonflies (e.g. Seibert & Cono-
ver, 1991; Riffell, 1999; Rao & Girish, 2007; Soluk et al.,
2011). These studies were based on counting insect car-
casses on the road surface and its verge, but many dead
individuals may be expected to have remained stuck on a
vehicle after collision, been blown away by the vehicle’s
slipstream, or removed as prey (Seibert & Conover, 1991;
McKenna et al., 2001). These events can be expected espe-
cially in the case of teneral individuals, whose exoskeleton
is still soft. According to Corbet (1999), however, most
dragonflies disperse during the teneral stage. Given these
circumstances, the real number of individuals killed by ve-
hicles during crossing attempts is probably underestimated
(Soluk et al., 2011). Moreover, the results and conclusions
of such studies dramatically differ according to the meth-
odology used (Muiioz et al., 2015). Therefore, although
our study did not attempt to quantify the mortality rate of
the S. depressiusculum that attempted to cross the road, it
does provide a comprehensive assessment of the barrier ef-
fect of a motorway by combining two approaches: a direct
observation of the behavioural response to a road and ob-
servations of the distribution of adults in an landscape in-
tersected by a motorway. Because no behavioural response
of disturbed S. depressiusculum adults to the presence of
the four-lane motorway was observed, and there were con-
siderably fewer adults in patches of terrestrial habitat on
the side of the motorway furthest from the natal site, at
least during one season, it is presumed that in this case the
possible barrier effect is the consequence of road mortality.
This hypothesis is supported by the fact that when walking
along marking transects adults were often seen flying to-
wards and over the motorway; however, further investiga-
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tion is necessary to provide empirical evidence of roadway
mortality.

A similar conclusion was reached by Soluk et al. (2011),
who deduce that roads are not barriers for adult dragon-
flies. These authors expect, however, that the mortality in
crossing roads is species-specific, and depends on their
flight agility and average flight height. Species with low
flight trajectories are subject to higher mortality during
crossing attempts, but those with greater flight agility are
able to avoid collisions with passing vehicles despite their
low flight height. Mortality may be associated not only
with a species’ flying ability but also with the characteris-
tics of roads. In the case of butterflies, for example, mor-
tality is positively correlated with road width, because an
individual spends more time above the road surface in the
case of a wider road, which increases the probability of it
colliding with passing vehicles. It is not surprising, there-
fore, that small species are more likely to be killed when
crossing roads (Skorka et al., 2013). Moreover, mortality
is positively correlated with traffic volume and speed (For-
man & Alexander, 1998; Soluk et al., 2011). The average
traffic volume in our study (13,035 vehicles per day with
a maximum speed limit of 100 km/h) was greater than that
recorded in most of the studies on the mortality of drag-
onflies. Because adults of S. depressiusculum are typical
perchers and, due to their wavering flight, are not agile
flyers (Sternberg & Buchwald, 2000), a significant level
of roadkill events may be expected in this species. In our
study, the average width of the road in the monitored sec-
tion was 16 m. From this point of view, road kills may be
expected especially among juveniles, whose flight abilities
are not yet fully developed.

Another aspect of the barrier effect is the motivation
to cross a motorway. Given that in our study there were
similar patches of terrestrial habitat on both sides of the
motorway and that disturbed adults were not reluctant to
cross the motorway it is possible that when not disturbed
adults will not cross if the food supply is plentiful. This has
been documented for bumblebees, which are reluctant to
cross infrastructure barriers unless seeking other foraging
sites (Bhattacharya et al., 2003). For butterflies, air cur-
rents along road verges are considered to constitute one of
the main mechanisms repelling individuals from crossing
roads (Muiloz et al., 2015). Juveniles of S. depressiuscu-
lum may react similarly, but there is no evidence to support
this hypothesis. Overall, our study indicates that a four-
lane motorway may act as a barrier to the movement of
S. depressiusculum. According to Soluk et al. (2011), the
long adult lifespan of dragonflies makes them one of the
few invertebrate groups likely to be affected by roadways.
Given that adults of S. depressiusculum spend an average
3 months in a terrestrial environment and utilize a mosaic
of terrestrial habitats (Dolny et al., 2014), the presence of
a motorway is likely to have consequences for this species,
not only by preventing its dispersal and colonization of
new habitats but also by reducing the availability of poten-
tially suitable habitats, but also in terms of its abundance as
it results in an increase in the rate of mortality. Taking into
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account the isolation of populations and this species’ spe-
cific habitat requirements (Sternberg & Buchwald, 2000;
Schmidt, 2008), the barrier effect of roads could probably
be even more serious.

Several studies have shown that landscape structure or
landscape connectivity may be important factors shaping
dragonfly distribution (e.g. Racbel et al., 2012; Baguette &
Van Dyck, 2007). However, such influences may be spe-
cies- and landscape-specific, and range from high to negli-
gible (Baguette & Van Dyck, 2007; Bolliger et al., 2011).
According to our previous study on the dispersal behaviour
of S. depressiusculum in the same area, abandoned fields
and extensively used hay meadows are attractive habitats
for adults, whereas water bodies in the vicinity of the natal
site are attractive only during the last third of the flight pe-
riod and arable fields only prior to harvesting (Dolny et
al., 2014). In the present study, we took the above results
into consideration in choosing patches of habitat in order
to minimize the effect of landscape structure on the distri-
bution of the adults and ensure the connectivity between
the natal site and all the patches studied. As abandoned
fields previously proved to be highly attractive for adults,
we suggest that they might have acted as important “step-
ping stones” from the natal site towards the motorway and
beyond, and as the arable fields were harvested in the last
third of the study period, we assume that landscape con-
nectivity was maintained during most of the study period.
However, our results should be treated with caution, and
for more general conclusions, multiple populations in vari-
ous landscapes should be investigated, which, given this
species’ current distribution, is currently impossible.

In accordance with the original assumptions, the abun-
dance of individuals depended significantly on type of
habitat. Moreover, Hykel et al. (2016) conclude that the
abundance of adult S. depressiusculum is positively cor-
related with vegetation cover and heterogeneity. This could
explain the observed seasonal changes in abundance at in-
dividual habitat patches. In 2014, a drop in abundance in
a particular habitat was always related to some preceding
management (mowing or harvesting) independent of dis-
tance from the natal site. The relationship between vegeta-
tion and occupancy is thus self-explanatory. The sudden
increase in occupancy of habitats located on the far side
of the roadway and decrease on the near side in the middle
of the flight season in 2014 was in fact a consequence of
harvesting of farm fields and mowing of meadows, which
again accords with the observations of Dolny et al. (2014).
In 2016, the effect of management was not apparent, prob-
ably due to different timing. Mowing of meadows and har-
vesting of farm fields occurred (with a single exception) at
the end of the study period and thus before the last visit to
the habitat patches. At this time there is usually a decrease
in the abundance of adults, whose numbers continue to de-
cline as the flight period ends. Moreover, these activities
occurred simultaneously on both sides of the motorway.
The negative effect of mowing on dragonfly abundance is
well known (Sternberg & Sternberg, 2004; Wildermuth,
2012; Dolny et al., 2014) as dense vegetation provides
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shelter and sources of food (Buchwald, 1992; Sternberg
& Buchwald, 2000; Foote & Hornung, 2005; Zahn et al.,
2010; Harabis, 2016). Changes in abundance in terrestrial
habitats may also be associated with the abundance of this
species at the natal site, as in the main period of mating
activity there is high abundance (competition) at the natal
site. In 2014, however, no links were found between sea-
sonal dynamics of adults at the natal site (Sigutova, un-
publ.) and changes in the abundance in terrestrial habitats.
This also supports the notion that vegetation cover and
structure are key factors explaining seasonal changes in the
distribution of adults.

Individuals at the natal site and along the transects were
marked in order to assess patterns of movement throughout
the landscape in relation to the motorway. However, the
population studied in 2014 was very numerous (300,000
adults based on a capture-mark-recapture study; Sigutova,
unpubl.), which resulted in a very low proportion of the
adults being marked despite an intensive sampling effort
covering the entire flight period of the adults. Although a
great effort was made to mark the maximum number of
individuals, and especially teneral individuals, whose con-
centration at the natal site was enormous, the overall re-
capture rate was negligible (1.3%). Of the total of 1671
teneral individuals and juveniles marked at the natal site,
only 2 mature males were recaptured along the transects
and both had crossed the road. The rest of the individuals
recaptured along transects were marked as mature adults.
The total number of individuals captured at the natal site
was only slightly biased in favour of males. In contrast,
along the transects, different proportions of males and fe-
males were recorded: on near side of the motorway 14.3%
were females and on the far side it was 21%. This is in
concordance with Foster & Soluk (2006), who propose
that females usually fly further from their aquatic habitats
in search of food and in order to avoid male harassment
(also Michiels & Dhondt, 1989). Of a total of 46 recap-
tures only 14 had crossed the motorway (30.4% of all re-
captures). However, of all the movements recorded within
the natal site and along and within terrestrial transects the
majority had crossed the road (58% and 70%, respective-
ly), indicating that the road may not have been a barrier.
Moreover, when the isolation of the population studied is
taken into consideration, the number of successful cross-
ings of the road increases as the individuals marked at
the transect located on the far side of the motorway must
have crossed it when flying from the natal site. But is this
number high enough? According to Seiler et al. (2001),
the permeability rate sufficient to maintain habitat con-
nectivity is determined by consequences at the population
level, which depend on the number of successful crossings
relative to population size, mobility and individuals’ area
requirements. In butterflies, vulnerability is more closely
related to a species’ ability to colonize new habitats, which
is also partially related to flight ability (Askling & Berg-
man, 2003). According to Soluk et al. (2011), even a small
proportion of individuals killed during crossing attempts
can have short- and long-term consequences for dragon-
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fly populations, especially if the mortality rates of males
and females differ. Since S. depressiusculum females have
a stronger tendency to disperse (Dolny et al., 2014), they
may also be expected to suffer a higher frequency of colli-
sions with passing vehicles. Although the studied popula-
tion of S. depressiusculum is very numerous, its survival
depends on a single artificial farm pond (natal site). Thus,
even a relatively small change in management can have
significant consequences for this population (Sigutové et
al., 2015). Due to their specific habitat requirements, adults
of S. depressiusculum have very little chance of finding and
colonizing new habitats, which is probably further reduced
by the road network restricting the movement of adults and
their dispersal throughout the landscape. Thus, the effect
of the motorway in the close vicinity of the natal site could
have far-reaching consequences, especially in the event of
a dramatic reduction in population size.

CONCLUSION

The total length of European motorways nearly doubled
in the period from 1990 to 2013. European road networks,
traffic volumes and speeds will continue to increase for the
foreseeable future (European Commission, 2016). There-
fore, road construction is undoubtedly an important factor
affecting the spatial structure of invertebrate populations.
Our study indicates that a motorway may affect the disper-
sal of a threatened species of dragonfly, a habitat specialist
with specific requirements for its terrestrial environment,
and such an effect may be presumed also for other spe-
cies of dragonflies with similar behaviour and strategies.
To understand the barrier effect of roads and develop ef-
fective management plans for species at risk, it is neces-
sary to determine the precise level of road mortality and
its effect on the population ecology and behaviour of the
species studied (Shepard et al., 2008). According to Seiler
(2001), choosing between alternative routes for a new road
may help to prevent dissecting local populations of small
species. In the case of an existing barrier, however, it is
necessary to reduce its negative effect. In establishing new
habitats, reintroductions or translocations as a part of con-
servation management it is necessary to take the effect of
roadways into account as one of the factors possibly reduc-
ing population size and affecting population dynamics by
limiting dispersal.
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