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Abstract: Radio telemetry is an advanced method for studying movement behaviour which is one of the keys to under-
standing species ecology and biology. Using this method we studied the movement of Carabus ullrichit Germar, 1824, a
large and apterous ground beetle species. Four individuals (one male, three females) were equipped with 0.28 g transmitters
and radio-tracked for 10 days in three hour intervals in mosaic rural area; meadow and orchard. We found that maximum
distance covered by an individual during this period was 120.9 m and C. wullrichii travelling speed in such habitat ranged
from 1.69 to 13.43 m per day. Our preliminary results indicate that diurnal activity of this species is not affected by light
conditions but by temperature. Beetles were most active at temperatures 15.0-17.4°C. Here we provide the first study of

the movement ability of this species.
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Introduction

Understanding of population dynamics and species in-
teractions is the great challenge of modern ecology
(Kareiva 1990). Colonization of new habitats and gene
flow between populations plays a vital role in popula-
tion persistence. Recently landscape fragmentation, as
a result of human activities, has restricted connectivity
of many animal populations and has increased extinc-
tion risk (Kromp 1999; Holland & Luff 2000). Thus,
fragmentation is a serious problem especially for small
invertebrate species with low dispersal ability (Kotze
et al. 2011; Bérces & Elek 2013). Therefore studying
insect movement and dispersal behaviour is one of the
main issues facing the conservation of species and their
environment (Ranius 2006; Brouwers & Newton 2009).
For many years the only applicable methods for
studying movement, dispersal and habitat preferences
of epigeic arthropods was through grids of pitfall traps
on sampling plots or enclosure experiments. Spatial
movements of ground beetles are usually studied by
capture-mark-recapture methods, but this approach
suggests high sampling effort (Lys & Nentwig 1991;
Kennedy 1994; Kawaga & Maeto 2009; Ranjha & Irm-
ler 2014). However, these techniques do not provide ac-
curate or detailed documentation of individual move-
ments, which is important to obtain better picture of
individual behaviour and microhabitat preferences.
Baars (1979) introduced tracking of two cara-
bid species labeled by radioactive Iridium isotope and
tracked by scintillation detector; however, there was
a considerable loss of the labeled beetles and most of
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them died within seven weeks due to radiation effects.
Another possibility is to use harmonic radar with pas-
sive tags. These tags only contain a diode and a wire
so they are light (6-20 mg) and can be carried by small
and flying insects such as bees or butterflies without
influencing their behaviour (Kissling et al. 2014). How-
ever, diodes are passive and do not have unique signals,
therefore the number of simultaneously tracked indi-
viduals is limited. Moreover, this technique requires a
powerful and expensive radar device. Inspite of these
disadvantages, harmonic radar was successfully used to
study ecology and biology of several carabid species
(e.g., Wallin & Ekbom 1988; Niehues et al. 1996; Lovei
et al. 1997; Szyszko et al. 2004, 2005).

Radio telemetry is often and widely used method
for studying movement behaviour of large-bodied an-
imals (White & Garrott 1990; Kenward 2000). How-
ever, radio telemetry is still quite uncommon in inverte-
brates due to technical parameters of radio transmitters
(battery capacity, size and weight) and species biology
(Kissling et al. 2014). Nevertheless, recently developed
active battery powered radio transmitters are smaller,
lighter and can be used to track insects in natural con-
ditions; e.g., beetles (Rink & Sinsch 2007; Hedin 2008;
Svensson et al. 2011; Chiari et al. 2013), dragonflies,
(Wikelski et al. 2006; Levett & Walls 2011), crickets
(Lorch et al. 2005; Watts & Thornburrow 2011) and
bees (Pasquet et al. 2008; Hagen et al. 2011).

Currently, only three studies used radio telemetry
with active transmitters for studying dispersal, move-
ment behaviour, speed, diurnal activity and habitat
use of carabid species. Moreover, these studies have fo-
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Fig. 1. Female of Carabus ullrichii with fixed radio-trasmitter (0.28 g) at the top of elytrae with 25 mm short antena directed backwards.

cused on only two species of ground beetles, Carabus
coriaceus L., 1758, the largest carabid species in Cen-
tral Europe (Riecken & Ries 1992; Riecken & Raths
1996) and Carabus olympiae Sella, 1855, an endangered
species from western Italian Alps (Negro et al. 2008).

In this paper we present the first prelimitary re-
sults of movement pattern of Carabus ullrichii Germar,
1824. We tested the application of radio telemetry as
advanced method for monitoring acitivity of this species
and quantification of species-specific movement. We
also studied how the distances covered by beetles are
influenced by daytime period and temperature, which
are assumed to be important factors affecting the move-
ment of large ground beetles (e.g., Thiele 1977; Turin
et al. 2003).

Material and methods

The movement of C. ullrichii was studied in May and June
2015 in the foothills of the Beskydy Mountains in the north-
east of the Czech Republic, in the village Jarcova (49.4245°
N, 17.9533° E, 380 m a.s.l). The study area (0.7 ha) is a typ-
ical rural area with a mosaic of meadow and orchads. More-
over, previous investigations have shown that C. wulirichii is
one the most common species of genus at this locality.
Carabus ullrichii is an apterous, wide and robust, 22—
33 mm long beetle of cupreous colouration and tuberculate
elytral intervals. The species is widely distributed in Central
and Eastern Europe (Hirka 1996; Turin et al. 2003). This
species is typical spring breeder with overwintering adults
and summer larvae and has only one reproductive period
with peak of activity in early summer, with non-overlapping
generations (Andorké 2014). Immature males and females
are active from August to Semptember. Carabus ullrichii is
a forest species locally, but not obligatorily subdominant to
dominant in deciduous forests of normal and humid hydri-
cal series in the oak and beech-oak vegetation tiers (Zlat-
nik 1976). Recedent to subdominant in oak-beech vegeta-
tion tier, reaching to the beech vegetation tier, exception-
ally even to the beech-fire tier. It escapes the forests of the
oligotrophic series, well prospering in the mesotrohpic, eu-
trophic nitrophilous and basic trophical series. Species also

penetrates to secondary habitats, in dependence on increas-
ing continuity and density of wooden vegetation and de-
creasing distance from the potential immigration sources.
In the existing landscape structure of Central Europe it es-
capes intensively managed fields and some meadows.

To collect bettles, we used two 0.5 litre plastic cups in-
serted into each other as pitfall traps (Thiele 1977; Kromp
1999), which were baited with few pieces of cat food. Live
beetles collected in these traps were kept in the laboratory
for 7-10 days in separate boxes and fed mealworms and cat
food every two days at libitum. Six beetles (four females,
two males) were tagged using 0.28 g PicoPip transmitters
(13 x 5 x 3 mm; Biotrack Ltd., Wareham, United Kingdom,
www.biotrack.co.uk). We used cyanoacrylate glue and sili-
cone putty for attaching and fixing radio-tags at the top of
elytrae with short antena directed backwards (Fig. 1). These
tags had a 25 mm long antenna and unique individual fre-
quencies. One day after tagging, the beetles were released at
18:00 in central part of the study area in meadow, about 4 m
from each other to avoid mutual interference and located ev-
ery three hours (at 0:00, 3:00, 6:00, 9:00, 12:00, 15:00, 18:00
and 21:00) for 10 following days. Nonetheless, two of the
six transmitters (one female and one male) stopped emit-
ting signal after a few hours and therefore were excluded
from the study. The remaining tags had a battery life span
between 16-23 days.

For tracking, we used the AR8000 hand-held receivers
(AOR Ltd. 1994) with Yagi directional antenna and 20 cm
dipole antenna for short distances. The radio signals from
these tags were strong enough to be detected from 60 m.
After approaching within 2 m of an individual we switched
the Yagi antenna to short dipole antenna, which better lo-
cate the trasmitter signal range to 1040 cm. At this point
we stopped localising the specimen due to risk of stepping
on it. Coordinates of each position (fixes) were plotted on
the map and identified using Garmin GPS (Oregon 550t).
Coloured stick was also driven into a soil, one for each fix, to
avoid potential GPS measurement errors. Distances between
the points were measured by a measuring tape. Distances
shorter than 0.5 m were considered as fixes with no activity.
Finally, air temperature at 2 m above the ground level was
recorded every 3 hours at each fix together with locating the
beetles. If any individual approached the border of research
area, beyond that we would not be able to track it, we cap-
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Table 1. Individual body weight without fixed transsmiter, ratio of body mass and tag mass, total distance in m, mean distance = SD
in m covered by radio-tracked beetles in 24 h period and maximum distance per 24 and 3 hours in meters.

No. Sex Initial body Body and tag Total distance Mean distance Max (24 h) Max (3 h)
weight (g) mass ratio (%) in 24 h period
1 f 1.21 23.1 79.8 7.98 £ 5.5 16.5 10.4
2 m 0.92 30.4 16.6 1.69 £ 3.7 11.6 6.0
3 f 1.34 20.9 120.9 13.43 £ 6.0 22.3 14.1
4 f 1.08 25.9 111.6 11.16 + 10.9 29.3 13.0

tured the specimen and released it at the point of the first
fix. As the intention of study was to measure species-specific
movements and not habitat preferences, we expected that
beetle relocation should not affect the individual activity. At
the end of sampling period, we recaptured all specimens and
retrieved their transmitters and then released all the bee-
tles at their original capture locations. Because some tags
were still generating pulses after removing from beetles, we
also tested the life span and quality of signal to battery
discharge.

Patterns of individual movements were visualised in
QGIS 2.8 Wien (QGIS Development Team 2015). GPS co-
ordinates of all fixes were projected into orthophotography
map sourced by Czech Office for Surveying, Mapping and
Cadastre (www.geoportal.cuzk.cz).

For statistical analysis three hours periods were classed
into four groups representing different light conditions of
the day: mornings with fixes between 6:00 and 9:00, mid-
day with fixes between 12:00 and 15:00, evening with fixes
between 18:00 and 21:00 and night with fixes between 0:00
and 3:00. Similarly movement activity (covered linear dis-
tances) and temperature were divided in six respectively
eleven categories with units 2.5 m for linear distance and
2.5°C for temperature. Covered linear distances per three
hours and day (consecutive 24 hours) are presented as min-
imum — maximum value followed by the average 4+ standart
deviation in parentheses. Differences in movement (number
of three hour periods in specific distance category between
individuals) in various times of day were tested with sepa-
rate one-way ANOVA tests. To test the temperature influ-
ence on covered distance, we used generalized linear mixed
models (GLMMs) with negative binomial error distribution
and log link. In the GLMMSs, temperature category was a
fixed effect and individuals were a mixed effect. For the anal-
ysis, we used the glmer.nb function from the lmed package
(Bates et al. 2014). For post-hoc comparisons between tem-
perature categories, we used the glht function from the mult-
comp package (Hothorn et al. 2008) with Tukey’s pairwise
multiple comparisons of means (Bretz et al. 2010). Analy-
ses were conducted in R 3.2.2 (R Development Core Team
2015).

Results

From May 28 to June 7, 2015 (Table 1, Fig. 2) we col-
lected 313 fixes in total. Radio-tracking period was 9-10
days depending on signal quality of tags. The battery
life span was 18-31 days. The mass of transmitters var-
ied from 20.9-30.4% of beetle body mass. Radio-tagging
apparently did not disturb or limit ground beetles, as
we observed them eating earthworms (n = 2), found
them digged into soil or caught their signal coming out
of the mousehole (n = 3).

Total distances covered by single individual ranged
from 16.6 to 120.9 m in meadow habitat. Due to low
number of individuals we did not compare the differ-
ences between sexes. Individuals were able to walk for
several meters per 3 hour intervals, maximum distance
reached in three hours interval was 14.1 m (in morning).
Average linear distance per three hours interval varied
between 0-6 (0.2 & 0.9) m for the least active specimen
and 0-14.1 (1.7 &+ 2.8) m for the most active specimen.
Per day the range varied between 0-11.6 (1.7 &+ 3.7) m
and 4.7-22.3 (13.4 £+ 6.0) m. Movement activity did not
differ by light condition (Fig. 3), however it was signif-
icantly affected by temperature (GLMM: x? = 37.026,
df = 10, P < 0.001). Beetles were most active at tem-
peratures 15.0-17.4°C. With increasing and decreasing
temperature decline also the activity of beetles. Below
5°C, no movement was recorded (Fig. 4).

Discussion

Our goal in this field survey was to study movement
ability of C. wullrichii which we plan to use as a model
species in future ecological studies. We also tested the
use of radio telemetry as a method for tracking individ-
uals of this species. In last two decades the availability
of small and light radio transmitters allows researchers
to track small-bodied animals (Kissling et al. 2014). So
far, radio-tracking was used only in two ground bee-
tle species; 32-42 mm long C. coriaceus (tag mass 34—
51%) (Riecken & Ries 1992; Riecken & Raths 1996) and
smaller (18-38 mm) C. olympiae with tag mass approx-
imately 40% of the average individual mass (Negro et
al. 2008). We have verified that radio telemetry is a
suitable method for monitoring smaller carabids such
as C. ullrichii (tag mass 21-30%).

As there was no information on movement ability
of C. ullrichii available, we expected the three hours
interval between checks to be an acceptable compromise
between the time invested by researcher for tracking the
individuals and the distance they could possibly cover.
This prediction showed to be right and beetles never
escaped out of the transmitter signal range during the
period.

The speed of C. wllrichii ranged from 1.69 to
13.43 m day~! in meadow and orchard which is sim-
ilar to speed of other large carabid species. The known
values of speed are 2.26-7.32 m day~! for C. coriaceus
in meadow (Riecken & Raths 1996); 9.3-15.0 m day !
for C. auronitens F., 1792 in fallow land (Niehues et al.
1996); 4.1 m per 12 h period for C. olympiae in shrub-
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No. 1 Female
No. 2 Male
No. 3 Female

No. 4 Female

Fig. 2. Movement pattern of four specimens of C. ullrichii. The size of points represent the number of three hour periods with no
activity (the smallest points = zero periods with no activity, the largest points = more than 10 periods with no activity). Starting
points are outlined in black, black line represents the border of study area.

bery (Negro et al. 2008) and 6 m h™! for C. nemoralis
Miiller, 1764 in set-aside areas and 2 m h™! in semi-
natural habitats (Kennedy 1994).

The habitat in which we tracked C. ullrichii was
mostly short grass meadow with solitary trees or small
groups of trees. Tag fixed at the top of elytra apparently
could limit beetles to move across narrow microhabi-
tats. However, based on similar movement distances ob-
served in other radio-tracked carabids mentioned above
we assume that transmitters did not substantively af-
fected C. ullrichii movement. Furthermore, during our
research individuals were not only able to move several
meters within three hours in densely overgrown habitat
but were also observed during feeding or digging into
soil.

Carabid activity rhythm depends on many factors
like sex, breeding season, habitat or geographic range
(Szyszko 2004; Tuf et al. 2012). Body size of ground

beetles is positively correlated with movement range
(Ranjha & Irmler 2014) and strictly woodland species
move much more slowly than generalist species (Brouw-
ers & Newton 2008). By contrast, Firle et al. (1998)
argued that the distances covered by individual depend
on the availability of prey, but do not correlate with
body size. According to literature (Luff 1978; Lovei &
Sunderland 1996; Hirka 2005; Negro et al. 2008), wood-
land and large ground beetles (body length > 10 mm)
are mostly animals with night activity whereas field and
small species are rather diurnal. However, radio-tracked
C. coriaceus showed both nocturnal and diurnal ac-
tivity with greater distances covered at night (Riecken
& Raths 1996). Individuals of C. auratus within one
population can have different life cycles, some are noc-
turnal, some diurnal and others are indifferent (Thiele
1977). Similarly our results showed that C. wllrichii is
not typical nocturnal species. Although, the longest lin-
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ear distances (more than 10 m) per three hour period
were mostly covered in the night, the maximum dis-
tance per three hour walked by one individual was cov-
ered in morning hours.

Most of ground beetles are predators which play
an important role in ground ecosystem. Movement be-
haviour is connected with starving; movement of bee-
tles thus can be an indicator of habitat quality (Szyszko
et al. 2004). On the other hand, harmonic radar study
by Wallin & Ekbom (1988) showed no differences be-
tween movements of starving and ad libitum fed bee-
tles (Pterostichus melanarius Illiger, 1798 and P. niger
Schaller, 1783).

Thiele (1977) pointed out a temperature influ-
ence on habitat choice. His laboratory experiments on
Abaz species, Nebria brevicollis (F., 1792) and Poecilus
cupreus (L., 1758) showed similar prefered tempera-
ture curves with activity peaks between 15-20°C. Some
species have a preference toward different temperatures
in relation to their reproduction biology; higher temper-
atures accelerated the maturation of the sexual glands
(Tuf et al. 2012). Forest species appear to be more de-
pendent upon the dark contition whereas the tempre-
rature is more important for field species (Thiele 1977).
Here we show that temperature had an influence on ac-
tivity of C. wllrichii. In this study beetles moved mostly
in meadow and under trees in orchard considered here
as open habitat. It could be an explanation of temper-
ature influence on species-specific movement.

Movement behaviour is an important aspect of or-
ganismal biology and in insects there is still lack of
knowledge. Understanding factors that influence species
behaviour including movement enable us to create
favourable conditions for persistence of insect popu-
lations and technological developments provide new
opportunities and methods. Our study illustrates the
feasibility of radio-telemetry for tracking large epigeic
ground beetles.

Movement activity of C. wllrichii seems to be in-
different to light conditions but temperature affected.
Nevertheless, we are indeed awared that to generalise
our results these trends need to be investigated in fur-
ther research with much wider data set.
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