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Dead wood modifies mobility of ground beetles
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During the period from the 1st to 31st July 2013, individuals representing large species of
Carabus hortensis and Carabus violaceus were captured in 3 fenced plots with dead wood
and 3 fenced control plots, marked and subsequently released (CMR method). The study
revealed that the average time spent by large carabids in the plots with the dead wood was
significantly longer than the time spent by them in the control plots. Furthermore, the catch
rate of marked individuals representing the small species of Pterostichus oblongopunctatus
was higher in the plots with dead wood than in the control plots. The study has proved in a
quantifiable way that the presence of dead wood has a positive effect on the carabid fauna.
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INTRODUCTION

The role of dead wood in shaping biodiversity of
various groups of organisms is undeniable. Opin-
ions stressing the effect of dead wood on forest
species of the Carabidae can be found in pub-
lished sources. There are authors who suggest
either significant or not particularly significant
importance of dead wood for the carabids (Fuller
etal. 2008; Ulyshen & Hanula 2012), but it is not
clear what is actually meant by such statements.
It has also been suggested that dead wood does
not significantly affect ground beetles (Klepzig
et al. 2012). Furthermore, the authors of some
studies report observations of carabids gather-
ing in the autumn, sometimes in quite large num-
bers, in mouldering tree stumps for the purpose
of hibernation (Burakowski 1973). What is more,
it has been noted that some species of the

Carabidae, e.g. Carabus hortensis (Gryuntal &
Szyszko 2002), can climb trees, and therefore are
able to penetrate tree hollows containing dead
wood, which are situated several metres above
the ground surface (Sktodowski 2003).

The studies that have been published so far, even
though they state that dead wood is important
for the carabids, do not attempt to analyse how it
affects the parameters of carabid mobility. This
may seem surprising, especially in light of the
fact that carabid movement has been studied by
deploying a number of diversified methods: iso-
tope tracing (Baars 1979), camera in a laboratory
(Mols 1979, 1987), catch-mark-recapture tech-
nique, i.e. CMR (Petit & Burel 1993; Joyce et al.,
1999; Sktodowski 1994, 1999, 2008), portable ra-
dar (Charrier etal., 1996), harmonic radar (Wallin
& Ekbom 1988; Lovei et al. 1997; Weber &
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Heimbach 2001), and radio telemetry (Riecken &
Raths 1996).

It was assumed that since dead wood effected
the Carabidae, it must modify carabid patterns of
movement, decreasing the speed of relocation
and prolonging the stay of carabid individuals in
the proximity of lying mouldering tree trunks. This
assumption was tested by comparing the amounts
of time spent by the carabids on specially fenced
plots with dead wood and on control plots with-
out dead wood. The following hypothesis was
formulated: by modifying the movement patterns
of carabids, the presence of dead wood affected
the average time spent by the carabids in the
fenced plots with the dead wood, which exceeded
the average time spent by the carabids in the
fenced plots without the dead wood.

STUDY AREA

The studies were conducted in a middle-aged
mixed forest stand composed of pines (80%) and
birches (20%). The tree stand volume was mod-
erate; it was growing on brown arenosols. In ad-
ministrative terms, the tree stand belonged to
Ujscie forest division situated in Bitgoraj forest
district (east-central Poland). The area was char-
acterised by the presence of tree stands where
pines were the prevalent tree species.

METHODOLOGY

For the purposes of the study, 3 plots surround-
ing mouldering trunks of felled trees (DW) and 3
plots without such tree trunks (C) were fenced
out. The selected plots were characterised by a
comparatively even ground surface and the ab-
sence of living trees, since some carabid species
might be climbing up the trunks. Lying tree trunks
with bark peeling off, indicating that they had
been lying on the ground for several years, were
selected as the sources of dead wood.

Plots were fenced out with flexible plastic (lino-
leum) stuck 5 cm deep into the ground, with fur-
ther 20 cm remaining above the ground and func-
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tioning as the fencing proper. Each of the fenced
out plots was 4 x 6 m large. Inside and outside
each plot, beside the fence, 5 live traps were set
(60 such traps in total). The traps were con-
structed out of oval 0.5 | plastic containers with
upper opening diameter of 12 cm. In order to pro-
tect the traps from inundation and the trapped
beetles from drowning, several holes with 1.5 mm
were made in each trap and each trap was cov-
ered with a roof.

The traps were checked every day for the whole
month, from the 1st to 31st July 2013. Every in-
stance of trap checking involved noting down
the number of the trap where the beetle speci-
men was trapped and reading out the specimen’s
individual number, or —in the cases where it did
not have such a number — marking it with one
according to the calendar of captures (catch-
mark-recapture method, CMR). The beetles were
marked with a number by making delicate inci-
sions in four different zones on the edge of the
elytra, each of which represented a different
number: 1, 3, 10 or 50 (Fig. 1). For instance, in
order to mark a specimen with the number 88, the
zones indicating “1” and *“3” both had to be in-
cised 2 times, the zone indicating “10” had to be
incised 3 times, and the zone indicating “50” had
to be incised just once. Such marking was possi-
ble only in the case of large carabid species. The
sizes of smaller species, such as Pterostichus
oblongopunctatus, were usually only 10 to 12
mm, and thus the specimens were not marked
but just counted.

The carabids trapped in the traps located out-
side the plots were marked with the respective
individual numbers and released inside the fenced
plots. The carabids trapped in the traps located
inside the plots had their individual numbers
noted down and were released outside the plots.
Deploying such a procedure made it possible to
estimate the amount of time and average time
spent inside the plot by every individual. The
time spent by beetles in the fenced plots was
counted in days and days were the time units
used in calculations presented in the “Results”
section. The results were analysed using Gener-
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alized Linear Model GLM, transforming data
lognormally, with the aid of Statistica data min-
ing software (StatSoft Inc. 2011).

Fig. 1. The four zones on the ground beetle elytra
where respective numbers were incised (draw-
ing by J. Sktodowski)

RESULTS

The following species were marked with indi-
vidual numbers: Carabus violaceus (36 individu-
als) and Carabus hortensis (17 individuals). In
the first fenced plot with dead wood (DW1) 13
carabid individuals marked with an individual
number were recaptured, including 8 recaptures
of C. violaceus and 5 recaptures of C. hortensis;
in the second plot (DW2) — 12 individuals, in-
cluding 11 recaptures of C. violaceus and 5 re-
captures of C. hortensis; and in the third plot
(DW 3) — 11 individuals, including 7 recaptures
of C. violaceus and 4 recaptures of C. hortensis.
At the same time, in the control plots, fewer
marked specimens were captured: in the first plot:
(C1) -9 individuals, including 7 recaptures of C.
violaceus and 4 recaptures of C. hortensis; in
the second plot (C2) — 6 individuals, including 4

recaptures of C. violaceus and 2 recaptures of C.
hortensis; and in the third plot (C3) -5 individu-
als, including 4 recaptures of C. violaceus and 1
recapture of C. hortensis.

The average time of beetle stay in the DW plots
was significantly longer in comparison to the C
plots (1.57 > 1.25; Fig 2; Table 1). Also, the aver-
age number of carabid individual recapture was
significantly higher in the DW plots than in the
Cplots (13.3>6.67; Fig. 3; Table 1).
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Fig. 2. The average amount of time spent by
carabids inside the fenced plots with dead wood
(DW) and inside the fenced control plots (C)
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Fig. 3. The rate of marked individual recapture
inside the fenced plots DW and C
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Fig. 4. The catch rate of unmarked individuals of
P. oblongopunctatus inside fenced the DW and
Cplots

At the same time, the numbers of individuals rep-
resenting a smaller species, i.e. Pterostichus
oblongopuctatus, were counted in the DW and
C plots. In the plots with dead wood the follow-
ing numbers were captured: DW1 — 144 individu-
als; DW2 — 124 individuals; DW3 - 120 individu-
als; while in the control plots the numbers of
captured individuals were the following: C1 —92
individuals; C2 - 76 individuals; and C3 - 77 in-
dividuals. The catch rate of P. oblongopunctatus
was higher inside the fenced DW plots than in-
side the fenced C plots (4.5 > 2.8; Fig. 4; Table 1).

Table 1. GLM analysis of the average time spent by carabids in plots DW and C (a); the rate of carabid
recapture in the DW and C plots (b); the catch rate of P. oblongopunctatus in the DW and C plots (c)

Factor | df | Wald test p

a

Intercept 1 19.4144 <0.001
Average time 1 3.8306 0.05

b

Intercept 1 743.5177 <0.001
Rate of recapture 1 17.7401 <0.001
C

Intercept 1 721,9423 <0.001
Catch rate of P. oblongopunctatus | 1 25,5298 <0.001

DISCUSSION

In the course of the study, only the carabids
trapped in the traps outside or inside the fenced
plots were collected (i.e. no individuals were col-
lected from other locations beyond those areas),
and probably that was why the collected indi-
viduals represented mostly the 2 large species:
C. violaceus and C. hortensis. Pterostichus
niger, usually common in tree stands of the stud-
ied type, was collected only incidentally and
therefore was not taken into account. The large
species of C. violaceus was much more abun-
dant than the other one, C. hortensis, which might
be associated with the moderate fertility of the
forest habitat where the experiment was being
conducted. Studies that had been conducted in
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Biatowieza Forest revealed a less abundant pres-
ence of C. violaceus in fertile habitats and a more
abundant presence of that species in less fertile
habitats (Sktodowski 2006). In habitats charac-
terised by a higher tree stand volume, the abun-
dance of the other species, C. hortensis, was
higher (Sktodowski 2006).

Another interesting study that had been con-
ducted in Biatowieza Forest provided insights
into the interest of the two carabid species in
various forms of dead wood, i.e. the dead wood
that was either found in tree hollows or on the
ground surface (Sktodowski 2002). According to
that study, C. hortensis was a more abundant
species. The ratio of individuals collected from
tree hollows ad those collected from the dead
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wood on the ground surface was higher for C.
hortensis than for C. violaceus (1 vs. 0.33). That
might indicate that C. hortensis was more likely
to penetrate less accessible locations with dead
wood (i.e. tree hollows) than C. violaceus, espe-
cially considering the fact that some of the hol-
lows were situated several metres above the
ground level.

The fact that those carabid species were attracted
to dead wood could be explained by the crepus-
cular activity of C. violaceus (Turin et al. 2006)
and the nocturnal activity of C. hortensis
(Szyszkoet al. 2005; Turin et al. 2006), and per-
haps also by C. hortensis avoiding the fallow
land and preferring to stay within the tree stands
(Sktodowski 1994). This might be one of the rea-
sons why carabids had a tendency to hide in
various nooks and crannies. Two forest species
C. hortensis and P. oblongopunctatus, while
being observed in a laboratory, hid in the log-
ging slash residue, where they spent more time
than in the uncovered observation area of the
experiment site (Nittérus & Gunnarsson 2006;
Nittérus et al. 2008). Similar behaviour was ob-
served among forest carabid species in clear-cut
areas where two metre high and over a dozen
metre long piles of branches had been left
(Sklodowski 2010). Even individuals represent-
ing Carabus variolosus, a species associated
with water, tended to rest in woody debris (Drees
etal. 2008). Seemingly, the presence of dead wood
was as important for forest carabid species as a
proper thickness of soil litter, which had been
highlighted by Magura et al. (2001).

In the study, the catch rate of unmarked P.
olongopunctatus individuals was higher by 40%
in fenced plots with dead wood in comparison to
control plots. Even though that species was re-
luctant to penetrate tree hollows as it did not
climb trees very well, it was eager to explore dead
wood lying on the ground, and was collected
from the ground locations in numbers several
times higher in comparison to those collected
from the tree hollows (Sktodowski 2003).

In the present study, C. violaceus and C.
hortensis stayed much longer in the fenced plots
with dead wood than in the control plots without
dead wood. The difference in the lengths of their
stay in the two plots were due to the presence of
the dead wood and could not be explained by
micro-diversity of the soil litter or the soil itself
in the particular plots. For instance, in the pine
and birch tree stands, characterised by different
soil litter composition, no significant differences
in carabid movement parameters had been ob-
served (Szyszko et al. 2004a). Therefore, the pres-
ence of the dead wood seemed to be the major
factor determining why the carabid species
stayed for a longer time in some fenced plots.
The reason why they stayed longer in the prox-
imity of the dead wood could be either resting or
penetrating the dead wood in search of nutri-
tion. Carabid individuals which were not hungry
modified their pattern of movement, usually by
decreasing speed of their movement (Mols 1979,
1987; Szyszko et al. 2004b). Thus, the time they
spent near the dead wood might be prolonged.
However, in the present study it was not taken
into account whether the individual beetles were
hungry or not.

Nevertheless, the conducted research allows for
a positive verification of the study hypothesis
and leads to a conclusion that during the veg-
etation season dead wood attracts the carabids,
significantly prolonging the time spent by them
in its proximity. Therefore, what has been, so far,
a hypothetical statement in the studies devoted
to ecology and biology of the Carabidae will have
the status of an empirical fact from now on.
Moreover, it provides one more reason justify-
ing the need to leave dead wood in managed
forests. It seems that by leaving the dead wood
in the forest we provide an opportunity of sur-
vival for a higher number of large and moder-
ately large carabid species which, being preda-
tors, regulate the detritus food chain.
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