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Being not only an active predator, but also a real
competitor with predatory herpetobionts such as spi-
ders and various species of beetles, the red wood ant
Formica polyctena has a great impact on other mem-
bers of invertebrate communities. The location of ant-
hills and foragers paths pervading ant territories
largely determines the spatia distribution of herpeto-
bionts [1-4]. Carabid beetles move swiftly and con-
sume very diverse foods. Their behavior exhibits high
plasticity [5-7]. It is natural to expect that they are
capable of promptly reacting to interaction with ants,
the more so as the mortality among beetles once hitten
by antsis significantly higher than that of intact speci-
mens [8]. However, the behavioral aspects of carabid
interaction with ants were addressed only in laboratory
experiments by Gridina[9], which provided just a gen-
eral description of carabid behavior, without revealing
the specific characteristics of their avoi dance response.
The data from that study do not allow us to compare
carabids with other predator herpetobionts in this
respect. Presented in this work are the results of (1)
field experiments in which we marked beetles and
mapped their movements and (2) laboratory experi-
ments in which ants were allowed to interact with car-
abids in mazes. This is the first report indicating that
not only ants, but also carabids use specific behavioral
strategies when interacting with their competitors and
are capable of learning to avoid encounters.

Experimental setup. All results were obtained dur-
ing 1996-1998. Field experiments were carried out in
the territory of a Formica polyctena colony in awood-
land, namely, in the park zone of Akademgorodok
(Novosibirsk). The spatia distribution of carabid bee-
tles in the ants' territory was studied in ten-day-long
surveys using 30 Barber's soil traps placed at various
distances from the anthill and foragers paths. We dis-
tinguished three zones occupied by the ant colony: cen-
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tral (zonel, in the closest vicinity of the hill and forag-
ers paths), intermediate (zone 1), and peripheral (zone
[1). In laboratory experiments, we used two-arm
mazes, in one of which wetied an ant with athin thread.
A beetle was attacked if it approached the tethered ant.
The beetle was al so tested in a control maze containing
no ant. A total of 145 beetles were tested, and the rela-
tionships between various elements of their behavior
were analyzed. Mazes with electrodes in both arms
were used to study whether carabid beetles were capa-
ble of learning to avoid danger or to find shelter. A
weak electric current was supplied through one of the
electrodes, to which alow voltage was applied. A total
of nine specimens bel onging to three specieswere stud-
ied using this maze technique. We also used mazes con-
taining only positive stimuli, i.e., mazes providing a
possibility of sheltering. The specimens (n = 16) tested
in such mazes belonged to six species. In field experi-
ments, we released carabids of three species (n = 38)
near ant paths and recorded their trgjectories and
responses to encounters with ants. The procedure was
repeated five times at half-hour intervals. A total of
380 trgjectories were mapped. Their sinuosity was esti-
mated asaratio of the distance between itsstart and end
pointsto thetragjectory length (the sinuosity coefficient,
SC; see[10] for details). We also recorded the speed at
which each beetle moved. Reference data were
obtained in control plots that were beyond the range of
influence of ants and were covered with a similar sub-
Strate.

Carabid distribution over the ant territory as a
basis for topic competition. Carabids of three mixo-
phytophagous species (Amara nitida, Harpalus sma-
ragdinus, and H. pygmaeus) and four predatory species
(Pterostichus magus, P. niger, P. oblongopunctatus, and
Carabus regalis) were observed in the ant territory.
Only large Carabus regalis beetles, the largest of these
seven species, reached zone |. Most of the captured
beetles of each species were from traps placed in zone
I11. The deeper into the ant territory, thelower the beetle
density. On average, Pterostichus beetleswere captured
at frequencies of 38, 5.2, and 0 specimens per 10 trap-
daysinzonesllIl, 11, and I, respectively (pooled datafor
two species). The C. regalis distribution was as fol-
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lows: 1.5, 1.0, and 0.33 specimens per 10 trap-days in
zones 11, 11, and |, respectively. For A. nitida, this dis-
tribution was 0.5, 0.06, and 0. Interestingly, the per-
centage of specimens captured during the periods of ant
daytime activity averaged 33% for genus Harpalus
beetles and 67% for A. nitida. Carabids of the genus
Pterostichus were mostly nocturnal. However, as they
were very abundant, even those of them that remained
active during the daytime were more abundant than any
of the other carabid species in the ant territory. It is
likely that ants caused carabids to retreat to the periph-
ery of their colony, as we observed previously in other
situations [1-4].

Specific elements of carabids behavior allowing
them to avoid encounters with ants. The learning
ability of carabids proved to be high in simple mazes.
However, it became clear only from ant-interaction
experiments how diverse their behaviora patterns
could be. When tested in mazes with electrodes, beetles
did not avoid the dangerous arm. However, when com-
ing into that arm, they stopped in front of the electrode
and turned back. This behavioral pattern was observed
immediately after the second session and from then
onward in 89% of the C. regalis specimenstested, 92%
of the P. magus specimens, and 100% of the P. niger
specimens. In mazes with only positive stimuli, all
specimens visited the shelter-containing arm during the
second and all subsequent sessions four to six times
more often than the other arm. After one or two con-
flicts, most beetles|earned to avoid encounters with the
tethered ant. They either stopped coming into the arm
where an ant was tethered or began to behave differ-
ently when approaching the source of danger. In these
experiments, 14 out of 31 C. regalis specimens, 32 out
of 52 P. magus specimens, 9 out of 20 P. niger speci-
mens, and 30 out of 42 P. oblongopunctatus specimens
were able to learn. Preliminary experiments with the
herbivorous Amara suggested that these beetles, unlike
carnivorous carabids, could not learn to avoid ants. We
distinguished the following strategies used by beetles
capable of avoidance learning: (1) trying to bypass the
ant; (2) turning away from the ant after touching it with
antennae; (3) turning back by a distance of 1 cm or
greater from the ant; (4) avoiding coming into the arm
with the ant inside; and (5) freezing in the least vulner-
able posture. Large beetles (C. regalis, P. niger) were
unlikely to step aside to | et the ant pass, which was the
preferred strategy in the smal C. regalis and
P. oblongopunctatus. This strategy was effective in nat-
ural environments but not in the maze, where it was
used less frequently. Unlike strategy 1, strategies 2 and
3 were used in the maze more often; in addition, strate-
gies 4 and 5 appeared. The smaller the carabid and the
closer its size to the ant size, the more diverse the set of
avoidance strategies displayed by specimens of this
species. Using Student’s t-test, we compared the frac-
tions of specimens that used each particular strategy in
C. regalis, P. niger, P. magus, and P. oblongopunctatus.
This analysis reveaed that the sets of preferred strate-
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gies were species-specific. The species significantly
differed in the relative rates at which they used specific
strategies. The only exception was strategy 3, which
was observed equally frequently in all species. We are
inclined to interpret these data as reflecting species-
specific differences in carabid behavior, rather than the
distinctions between carabid life forms (for their defini-
tion see [11]). In fact, while belonging to the same life
form of zoophagous stratobionts, P. magus and
P. oblongopunctatus significantly differed in the use of
behavioral strategies. Our previous study [12] was the
first in which insect antennal contacts were described.
Such contacts suggest that ants and small beetles are
capable of recognizing each other as specific objects
(like dogs and cats; see[12]).

In field experiments, different patterns of carabid
movements were observed in areas with high and low
dynamic densities of ants. In the ant-controlled terri-
tory, the beetles made more turns (which corresponded
to lower SC values), ran more quickly, and stopped
only rarely. These differences in the beetles’ behavior
were species-specific. The SC characterizing C. regalis
trajectories changed dightly, from 0.85t0 0.77. The SC
changesin the other specieswere greater. C. regalisare
large beetles. They did not bypass ants; rather, they
crossed ant paths at a high speed, taking advantage of
their relatively safe external body covering (compared
with that in other species). Larger changes in the SC
were observed in smaller species: from 0.84 to 0.57 in
P. oblongopunctatus and from 0.87 to 0.62 in P. magus.
The average speed of movement increased from 7.1 £ 5.3
to 16.3 £ 3.6 cm/sin C. regalis and from 4.8 £ 3.5 to
11.7 £ 5.4 cm/sin P. oblongopunctatus. The percentage
of time P. oblongopunctatus beetles spent without mov-
ing in the ant territory was 5% (versus 11.5% in control
plots). There were pauses in the running activity of C.
regalisin control plots; however, in the ant territory, the
beetles moved without stopping. Unlike these two spe-
cies, P. magus specimens spent more time without
moving in the ant territory (38 versus 27.5%), because
their avoidance behavior included freezing, a response
in which they stayed motionless, with antennae and
legs tucked underneath their bodies. However, this
strategy was successful only at relatively low ant densi-
ties. For Carabus, the optimal strategy in “crossing the
road” was to increase the speed of their movement,
whereas Pterostichus used a combination of strategies.
If the beetle was able to learn, it ran quickly and turned
abruptly when bypassing ants. This behavior resulted in
no more than two bitesin five tests. The specimens that
were unable to learn were bitten up to six times. There-
fore, behavioral flexibility of predatory carabids and
their individual learning capacities make the basis
allowing them to avoid encounters with ants.
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