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it was very active daytime, even in sunny, hot
periods, and it was also very aggressive to-
wards the observer when disturbed. In addi-
tion, numerous small E fusca colonies were
densely distributed under litter and moss
layer on the whole area, with the exception
of bare sand. A lot of them could be revealed
only due to raids of E sanguinea Latr. that
nested nearby the described area.

Aggressiveness tests were used to reveal
the colonial structure of the studied E cine-
rea nest complex in July 2004, as the aggres-
sive or neutral behaviour of individuals from
different entrances (groups of entrances)
towards each other was considered to be
a function of the individuals’ affiliation to the
same or to different colonies. Representatives
of each of the five supposed distinct E cinerea
colonies (i.e. FC-1, FC-2, FC-3, FC-1* and
FC-1**) were confronted in pairs in all possi-
ble combinations. Foreign workers, in groups
of ten, were placed in a fluoned plastic dish
(12 cm in diameter) with sand from a neutral
place, and they were left in shade for 10 min-
utes. Then couples (or triplets) of fighting (or
seizing each other) ants were counted. The
tests confirmed separateness of all the colo-
nies taken into account. For comparison, no
aggression was observed between workers
from different entrance clusters within the
nest area of FC-1 or FC-2.

Two observation levels were separated
for the study of interference between E ci-
nerea and other species, especially E rufa:
1) possibility of interferences in the imme-
diate vicinity of E cinerea colonies studied
in 2002, and 2) changes in the probability of
interferences with increasing distance from
E rufa and/or E cinerea nests studied in 2004.

2.2. Foraging around F. cinerea colonies

Generally baits are used to study the
foraging pattern of ants around their nests.
It is well known, however, that the pres-
ence of large and stable food-sources en-
hances, and thus alters the foraging activity
of ants in that specific area, where a bait is
placed (Vepsidldinen and Pisarski, 1982;
Savolainen and Vepsidldinen, 1988;
Czechowski, 1990; Vepsildinen and
Savolainen, 1990; Gallé, 1991; Jardan
et al., 1993; Gallé et al., 1998; Czechows-
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ki and Vepsdldinen, 2001; Marké and
Czechowski, 2004). Thus the distribution
of foragers should also be recorded without
baits in order to have an appropriate view on
the foraging strategy of a specific ant species.
As the borders of separate colonies could not
be distinguished safely at complex FC-1 in
2002, this entrance aggregation was handled
as a compact entity during 2002. Observa-
tions were carried out both in the absence
and in the presence of baits around FC-1 and
FC-2 on 28 and 29 July 2002.

It is generally accepted that baiting ex-
periments can also provoke interactions
among different ant species. Thus this
method is appropriate for clarifying the po-
sition of each ant species in the community,
as well (Czechowski, 1979, 1985, 1990;
Czechowski and Pisarski, 1988 and the
references mentioned above), because large
and stable food sources are worth being de-
fended, whereas small, easily-retrieved food
particles are not necessarily so.

Eight observation plots (19x19 cm each)
were placed around FC-1 and FC-2 (all the
plots lay on the trans-colonial searching
area) in 2002 (Fig. 7; see also Marké and
Czechowski, 2004). Within the plots, the
number and species of foraging individuals
was recorded, as well as the frequency and

8. Outer Circle 5.

Observation Plot

Fig. 7. Scheme of arrangement of the observa-
tion plots around F. cinerea nest systems (FC) in
2002).
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type of aggressive interactions. The location
of the first observation plot was selected ran-
domly. The other plots were selected accord-
ing to the first one. The plots were arranged
systematically in two circles: inner (the cen-
tre of plots was 0.5 m from the border of the
nest complex) and outer (the centre of plots
was 1.5 m from the border of the complex),
and each circle contained four plots. The axis
of plot no. 1-3 crossed the axis of plot no.
2-4 with 90° in the centre of the nest com-
plex, as well as the axis of 5-7 crossed that
of 6-8 in the same manner. The axes of the
inner and outer circle met with 45° in the
centre of the complex, thus the overlap of ob-
servations could be avoided.

The observations were carried out in
three periods during a day, each lasting 220
minutes. In each period each plot was veri-
fied every 20 minutes for one minute, thus
each period consisted of 11 observations.
The first period began at 8" and ended at
11%, the next one started at 12* and ended
at 16%, whereas the last one lasted from 17*
till 21%.

During the first day the observations
were carried out without baits. On the fol-
lowing day baits were put out in the centre of
each plot. In order to avoid the effect of sea-
sonal variation in food preferences the baits
were made up of animal protein (tuna fish
flakes), and carbohydrates (polyfloral hon-
ey). The bait portions (ca. 3.5 cm in diam-
eter) were placed on plastic plates 9.5 cm in
diameter. The baits were put out 10 minutes
before the first observation at the beginning
of each observation period, and at the end of
each period the baits were gathered, and the
plates were cleaned.

2.3. Baiting along transects

The spatial interference of E cinerea with
E rufa, as well as the diffuse property of the
territories’ borders were studied by placing
baits along transects connecting some of the
E rufa and E cinerea colonies in July 2004
(Fig. 6). Flat plastic caps (2.5 cm diameter)
tilled with syrup (sugar, water, plus orange
juice) were placed along straight lines be-
tween colonies at every 1 m. The first bait
was 1 m from a margin of a F rufa mound,
and the last one laid about 1 m from the
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border of a E cinerea nest complex. The ob-
servations were carried out in 18 replicates
during 4 days: 3 observations were made in
the morning (from 9% to 11%) and in the af-
ternoon (from 15% to 17%), respectively each
day. The baits were checked in every hour
during the same period. During the obser-
vation periods (morning and afternoon re-
spectively) baits were not removed, and were
permanently filled to avoid their depletion.
The first observations were made in the af-
ternoon on 4 July, and the last one in the
morning on 7 July. As the observations in
the same periods (morning and afternoon
respectively) were separated by one hour,
the observations were considered to be fair-
ly independent. Three transects connected
E rufa and E cinerea colonies. The 1% transect
connected FR-3 and FC-1, and it consisted of
15 baits. The 2™ transect connected FR-2 and
FC-1, and it included 18 baits. The 3™ tran-
sect, consisting of 15 baits, started from FR-2
as well, and ended at FC-2. As colonies FC-1
and FC-2 were close to each other it seemed
plausible to investigate whether these enti-
ties are connected by a constant presence
of E cinerea foragers in the area, or there is
a forager poor buffer zone between them. For
this purpose, the 4" transect was established
connecting these two colonies; it consisted of
12 baits (Fig. 6).

The proximity of the peculiarly big and
very active E fusca colony (FF) to FR-3 raised
the question of how such a strong and aggres-
sive colony could exist separated by only 6 m
by the E rufa mound. The 5" transect, contain-
ing 8 baits, connected these two colonies, and
it ended beyond the E fusca colony (Fig. 6).

2.4. Statistical analysis

The activity data obtained in the absence
and in the presence of baits around E cine-
rea nest complexes in 2002, were all pooled
separately for the inner and outer circle plots
and the mean number of individuals per
plots (with and without baits) and observa-
tions (i.e. per one minute) were taken into
consideration, when comparing the distribu-
tion of foragers in relation to distance from
the colonies.

In the case of the observations made on
baits along transects the number of individu-
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E cinerea (Fig. 9). The results also supported
the previous findings that colony FC-1 was
less interested in baits than colony FC-2. No
significant correlations were found between
the abundance of any species and the dis-
tance from any of the E cinerea colonies.

3.3.3. Transect between E rufa and E
fusca colonies

Both E fusca and E rufa were recorded

on baits along transect 5 in 2004, but E fusca

was more interested in baits (Table 4, Fig.

mean no. of foragers

10). Two Myrmica schencki foragers were also
registered on baits. The shape of E fusca’s
abundance curve suggested the dependence
on the distance from the E rufa colony, as
the abundance peak coincided with the loca-
tion of the E fusca nest (Figs 6, 9). A clear
positive correlation was found between the
abundance of E fusca and the distance from
the E rufa colony (Spearman r = 0.79, P <
0.05, n = 8), whereas a negative correlation
was detected in the case of E rufa (Spearman
r=-0.94,P<0.01,n=38).

distance from F.cinerea colony FC-1 (baits)

—l—F.cinerea

—A—F.fusca

—O— M. schencki

Fig. 9. Mean number of foragers of the most frequent ant species registered on particular baits along
bait transect 4 (12 baits) between F. cinerea colonies FC-1 and FC-2 in 2004 (for situation of the

transect see Fig. 6).

mean no. of foragers

1 2 3

5 6 7 8

distance from F.rufa colony (baits)

—@—F.rufa

—/—F.fusca

Fig. 10. Mean number of foragers of the most frequent ant species registered on particular baits along
bait transect 5 (8 baits) between F. rufa colony FR-3 and the big F. fusca colony (FF) in 2004 (for situ-

ation of the transect see Fig. 6).
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Fig. 11. Occurrence (OC; frequency of observations) of the most frequent ant species on baits of par-
ticular bait transects (1-5) and number of their co-occurrences (CO; frequency of observations) with
other species, with E rufa and with E cinerea in 2004. Bait transects: 1 — between F. rufa colony FR-3 and
E cinerea colony FC-1 (max. no. of obs. = 270), 2 - between E rufa colony FR-2 and FE cinerea colony
FC-1 (max. no. of obs. = 324), 3 — between F. rufa colony FR-2 and F. cinerea colony FC-2 (max. no. of
obs. =270), 4 - between E cinerea colonies FC-1 and FC-2 (max. no. of obs. = 216), 5 - between E rufa
colony FR-3 and F fusca colony FF (max. no. of obs. = 140) (for their situation see Fig. 6).
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3.3.4. Interferences along the transects

E rufa and E cinerea were never observed
to co-occur on baits along the transects in
2004, but E fusca could co-occur with any of
these two species (Fig. 11). The other species
were also observed frequently together with
E cinerea, but never with F rufa — with the ex-
ception of Myrmica schencki (Fig. 11). E fusca
seemed to be the most plastic of the species re-
garding the co-occurrence with any other spe-
cies. Besides F cinerea and F. rufa (Fig. 11) it
co-occurred with Lasius psammophilus once,
it was also recorded eight times together with
Tetramorium caespitum, twice with Temnotho-
rax sp. along transects 1-3, and once with M.
schencki at transect 5. In addition M. schencki
co-occurred once with Temnothorax sp. on
a bait along transects 1-3.

Along transects 1-3 significant interspe-
cific relationships were detected only at baits
along transect 3, where the mean abundance
of E cinerea correlated negatively both with
E fusca and Tetramorium caespitum (Spear-
man r < -0.74, P < 0.01, n = 15), while both
species correlated positively with each other
(Spearman r = 0.73, P < 0.01, n = 15).

No significant correlations were found
between the abundance of different ant spe-
cies on baits along transect 4, as it was ex-
pected on the basis of the overwhelming
presence of E cinerea, which almost totally
excluded any other species from the baits.

As suggested by the abundance curves
of foragers of E rufa and F fusca (Fig. 10)
a strong negative correlation was found
between the abundance of these species
(Spearman r = -0.94, P < 0.01, n = 8) along
transect 5.

4. DISCUSSION AND CONCLUSIONS

Intense interspecific competition can
influence the foraging strategy of ants in-
ducing significant shifts in diet preferences,
and in the location and time of foraging ac-
tivity as well (Cherix and Bourne, 1980;
Savolainen and Vepsidldinen, 1988,
1989; Pisarski and Vepsildinen, 1989;
Savolainen et al., 1989; Savolainen,
1990, 1991; Vepsdldinen and Savolain-
en, 1990; Detrain et al., 1999; Azcarate
and Peco, 2003), and even in the rate of re-
cruitment (De Vroey, 1980; Detrain et
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al., 1999). For instance, E fusca selects for
smaller prey size in the presence of E polyc-
tena (Savolainen, 1991), whereas Myrmica
species escape conflicts close to a wood ant
mound by shifting from surface activity to
the litter (Savolainen and Vepsildinen,
1988, 1989; Savolainen, 1990). Competi-
tion also plays a significant role in determin-
ing the location of the colonies excluding en-
counter species from the territory of the top
dominant species, and reducing colony size
in submissive species (Cherix and Bourne,
1980; Rosengren et al., 1986; Savolainen
and Vepsidldinen, 1988, 1989; Pisarski
and Vepsdldinen, 1989; Savolainen et
al., 1989; Savolainen, 1990, 1991; Vep-
sdldinen and Savolainen, 1990; Gallé et
al., 1994; Czechowski and Vepsildinen,
1999). Thus the more plastic the behaviour
of a species is, the more adaptable a species
becomes to different types of ant communi-
ties. E cinerea is a typical species of transi-
tional habitats of early successional stages,
Consequently it is plausible to handle it a pri-
ori as a species with high adaptability, which
involve changes in ecological preference and
behaviour, as well. As E cinerea is known to
have territorial tendencies (see Marké and
Czechowski, 2004) the presence of a supe-
rior territorial species in the same ant-com-
munity could be a force inducing such shifts
in E cinerea. These changes could be detected
at two spatial levels: 1) stable changes, which
affect the behaviour of the individuals in the
immediate vicinity of the subordinated colo-
ny, and imply colony level adaptations as well
(e.g. reduced colony size); and 2) dynamic
changes causing behavioural responses only
in the neighbourhood of the dominant colo-
nies. The special, ring-like arrangement of
E rufa colonies around E cinerea colonies
in the study area, and their proximity to
each other, would presume the occurrence
of any of these changes in the behaviour of
E cinerea.

Contrary to any expectations F cinerea’s
activity does not seem to be influenced by
E rufa around its colonies at all, F rufa for-
agers were not even registered on plots and
baits. The spatial distribution of E cinerea
foragers around their own colonies is in con-
formity with the general pattern observed at
other E cinerea colonies on the Tvirminne
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dunes, lacking wood ant neighbours (Marko
and Czechowski, in prep.). The uneven
distribution of foragers around its colonies is
also a general property of the species forag-
ing strategy showing spatial preferences. The
low activity gaps created by the uneven dis-
tribution of foragers provide suitable patches
for other species even in the immediate vi-
cinity of E cinerea colonies, as learned from
the baiting experiments. However, E cinerea
dominates around its colonies in the absence
and in the presence of baits, as well, and a
facultative interspecific inhibition zone is
established in the presence of baits: foragers
of foreign species were less frequent close to
the colonies. M. schencki and T. caespitum
succeeded in dominating a few baits, still
the proportion of lost conflicts with E cine-
rea suggests, that they may have succeeded
only because the majority of E cinerea forag-
ers were already engaged in exploiting other
sources. It is also true that when these two
species are clumped on the baits, E cinerea
generally retreats, like it happens with Lasius
psammophilus (Marké and Czechowski,
2004). The superiority of E cinerea around
its colonies is also supported by the outcome
of the two conflicts with E rufa individuals
near the bait.

Although E rufa does not seem to influ-
ence E cinerea’s activity in the immediate
vicinity of its colonies, still changes could
occur on the wider searching area of E ci-
nerea. According to its semi-territorial sta-
tus F cinerea should establish colonies only
outside the foraging area of E rufa, and their
activity range should not overlap (Pisarski
and Vepsidldinen, 1989; Savolainen and
Vepsidldinen, 1989; Savolainen et al,
1989; Savolainen 1990; Vepsidldinen
and Savolainen, 1990). Indeed E rufa and
E cinerea never co-occur on baits, which is
facilitated by the fact that E rufa colonies
have no trunk trails in the direction of the
studied E cinerea colonies, thus no interest in
that area. The lack of interferences produces
a distinct buffer zone between the foraging
areas of both species.

E cinerea does not seem to change its
behaviour towards other species with in-
creasing distance from its colonies. The sta-
bility of its negative effect on other species
is learned through their reduced presence
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between colonies FC-1 and FC-2. Still, M.
schencki and T. caespitum can live in areas
dominated by E cinerea, and even exploit
food sources successfully, due to the re-
duced recruitment potential of E cinerea,
and eventual spatial preferences. The differ-
ent activity patterns can also help them to
avoid confrontations, which mechanism is
frequent in ant communities living in sun-
exposed habitats (Fernandez-Escudero
and Tinaut, 1998), and also lets F cinerea
and L. psammophilus coexist peacefully side-
by-side (Marké and Czechowski 2004).
Besides the surface activity of E cinerea was
very weak in the study period in 2004 gener-
ally, not only at Tvirminne, but also at an ex-
tremely big (ca. 1 ha) E cinerea supercolony
on the seashore at the nearby Hanko town. It
is possible that they used mainly root aphids
on pine trees as food source, and neglected
the sand surface, which offers usually poor
food sources. It is known that E cinerea colo-
nies generally allocate more effort to forag-
ing on trunk trails, than around colonies
(Marko and Czechowski, in prep.).

E fusca forages mostly in low density
zones of dominant species, and the existence
of these patches generally is of critical im-
portance for this species (Savolainen and
Vepsidldinen, 1989; Savolainen, 1990).
The dynamic density of E fusca on the whole
area is more or less even (contrary to T. caes-
pitum and M. schencki) because of the rather
high density of E fusca nests recorded there,
and due to its wide ecological preferences
from forest to open sandy areas. Although
the negative effect of wood ant species on
E fusca activity and colony size is well known
(Rosengren et al., 1986; Savolainen and
Vepsidldinen, 1989; Savolainen, 1990;
Czechowski and Vepsidldinen, 1999),
this species seems to be more affected by the
presence of E cinerea, thus it prefers areas
dominated by E rufa to those dominated by
E cinerea. Still the negative effect of E rufa is
well documented by the fact that the strong
E fusca colony within the E rufa’s territory,
on its turn, is clearly negatively influenced by
E rufa. It seems that E fusca has an ambigu-
ous relationship with E rufa in this specific
situation: 1) in some cases (probably small,
weak colonies) it is ‘protected’ by the prox-
imity of E rufa from E cinerea, 2) while the
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activity of big F fusca colonies is inhibited by
such proximity. The plasticity of this species
is reflected by its co-occurrences with any of
the species. This coexistence is ensured by its
specific individualistic foraging strategy, and
evasive behaviour (Rosengren et al., 1986;
Savolainen, 1990, 1991; Czechowski
and Vepsildinen, 1999).

Theotherspecies,as M. schencki, T. caespi-
tumand Temnothoraxsp.areonlysporadically
present on the area numerically dominated by
the three Formica species. T. caespitum is also
affected by the proximity of F. cinerea colonies
as F fusca nevertheless it also avoids . rufa, as
it never co-occurs with it. This behaviour is
characteristic for this species, as an encoun-
ter species (Pisarski and Vepsildinen,
1989). M. schencki also behaves more like an
encounter species, as it is learned from the
numerous conflicts with E cinerea, neverthe-
less this species is generally seen as a submis-
sive one (Savolainen and Vepsidldinen,
1988, 1989; Pisarski and Vepsildinen,
1989; Savolainen et al., 1989). Wood ants
generally have a negative effect on this species
(Savolainen and Vepsidldinen, 1989),
which is supported by its low presence in the
vicinity of E rufa colonies in this case. Gener-
ally Myrmica species are favoured in such situ-
ations by their capability to survive with small
colonies in small patches, and they can read-
ily move if disturbed (Savolainen and Ve-
psdldinen, 1989; Banschbach and Her-
bers, 1999). Temnothorax sp. behaves on its
turn as a classical submissive species avoiding
conflicts. Interestingly, the otherwise abun-
dant L. psammophilus is almost totally absent
from this area, showing the saturation of the
ant community. The general scarcity of food
sources on sand surface enhances the compe-
tition between species, resulting in numerous
conflicts, and probably restricts the number
of species.

E rufa has a short foraging range towards
the open sandy area, according to the bait-
ing experiments, and comparing to E cine-
rea and E fusca. Its territories were directed
mostly to the forest and not to the trophically
poor, open, sandy habitat. A somewhat wid-
er, nonetheless uneven presence of F. cinerea
was registered on this area. The opposite was
expected: short range in F cinerea, meaning
foraging area reduction by F. rufa.
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There is a clear difference between the
ecological backgrounds of relations between
E cinerea and rival, but inferior species —
E fusca, T. caespitum, M. schencki, Temnotho-
rax sp. — and relations between E cinerea and
E rufa. The relations between F cinerea and
species inferior to it take place in a habitat
more or less typical of all of these species.
Therefore, the picture of relations between
them appears first of all from their relative
situation in the competition dominance hi-
erarchy, and it is not highly disturbed by
accessory factors. The case of E cinerea vs.
E rufa is different from this point of view. In
practice all real or possible relations between
these two species occur in areas, which con-
stitute transitions between their habitats.
These places are more suitable for E cinerea,
as they are open sandy areas and suboptimal
for E rufa. Two key aspects must be clearly
delimited when analyzing their relationship:
1) static aspect as direct interferences, and
2) dynamic aspect implying changes driven
by long-term processes of habitat succession
(see Gallé, 1991; Gallé et al., 1994).

Three direct interferences were observed
between the two species:

1) Two interspecific conflicts were won
by E cinerea near baits around its colonies. As
it was observed by Mabelis (2003), E rufa
workers avoided conflicts with L. fuliginosus
on its territory. Hence it can be hypothesized
that the aggressiveness of E cinerea (defend-
ing a food source) could have interfered with
the predisposition of E rufa to submissive
behaviour probably caused by former expe-
riences. Czechowski and Pisarski (1988)
also emphasize the importance of predispo-
sition in Camponotus ligniperdus individuals
confronting E exsecta.

2) The raid of FR-3* on a small E. cinerea
nest, where FR-3* was probably a small filial
colony of FR-3, which colonized an appar-
ently suitable shady spot at a single pine. Its
foraging area, however, was limited mainly to
the pine as the only source of honeydew. The
colony was forced to enlarge its foraging area
as it became bigger, and the only possibility
was to take into possession some pines in the
vicinity. As a small E cinerea nest occupied
that area, the raid of FR-3* crossed the belt of
bare sand and liquidated this colony, and it
took over the pines. Nevertheless, this source
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was also insufficient to ensure the long-term
stability of this colony, and the bare sand belt
also constituted a severe restriction as wood
ant foragers cannot support the high sur-
face temperature occurring in summer (over
40°C), which require special foraging strategy
adaptations (Fernandez-Escudero and
Tinaut, 1998), thus FR-3* could not resist.

3) The existence of guarded border be-
tween E cinerea and FR-4 is also evidence
for interferences. It is worth noticing that the
only place where E rufa territory extends to
reach E cinerea territory is a forest-like strip,
which is also suitable for E cinerea (Fig. 6).
Thus E cinerea establishes a guarded border,
successfully making it impossible for E rufa
to expand its territory.

The strange semi-territorial behaviour
of E cinerea is once again confirmed (e.g.
Marké and Czechowski, 2004), as it
could not keep the sources around its nests
entirely for itself, and lost conflicts were also
observed, but still it had a clear effect on ev-
ery other ant species living on its foraging
area. Its top dominant position in the study
area is also facilitated by its polydomous
nesting strategy, which system can act as
a decentralized defensive network leading
to more efficient habitat exploitation, as well
(Cerda et al, 2002; Dillier and Wehner,
2004). The shape of such system is continu-
ously changing in E cinerea due to specific
constraints (see Czechowski and Rot-
kiewicz, 1997; Marké and Czechowski,
2004). The patchy distribution of mostly un-
stable food sources and the scarcity of stable
sources (aphids) combined with the big size
of the colonies can lead to the formation of
such strange, plastic spatio-temporal territo-
ries (Holldobler and Wilson, 1990), as it
probably happens in E cinerea.

The key to understanding this specific
situation lies in the transitional character of
the study area. The area constitutes a succes-
sional stage between open dune and pine for-
est, where one top dominant (F. cinerea) is
replaced by another top dominant (E rufa)
of different ant community in the course of
habitat transformation. The above situation
offers the possibility of investigating a close
to equilibrium state between two dominants.
Habitat patchiness allows the coexistence of
E rufa and E polyctena, which would not co-
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exist otherwise in a homogeneous environ-
ment (Mabelis, 1994), and also differences
(though greater) in habitat and climatic
preferences let E cinerea and E rufa live and
dominate their communities side-by-side.
This relatively peaceful coexistence is mo-
mentarily mediated by habitat differences,
which will diminish, as succession proceeds,
and the position of E rufa will become prob-
ably stronger on the area currently domi-
nated by E cinerea. Consequently it would be
worth studying long-term changes occurring
in the behaviour of these species towards
each other, and mostly that of E cinerea as
a plastic species towards E rufa, parallel to
habitat changes in such transitional areas.

5. SUMMARY

Interspecific competition in ants mani-
fests itself in a very spectacular way. Ant spe-
cies are hierarchically arranged, and the hi-
erarchy consists of three main competition
levels: submissives (species defending only
their nests), encounters (species defending
also food sources) and territorials (species de-
fending their whole foraging areas). Subordi-
nate species display special adaptations in the
presence of dominant. In boreal and temperate
forests top dominants are wood ants (Formica
s. str.) It can be supposed that a similar role is
played by Formica cinerea in open sandy habi-
tats. The presence of Formica cinerea colonies
in areas dominated by E rufa obviously raises
the question, whether the inferior E cinerea
displays any behavioural adaptations. The aim
of the present paper is to outline competitive
interrelations between F cinerea and E rufa in
the broad ecological context of relations with
subordinate species.

The studies were carried out in a com-
plex of sand dunes near the village of Tvir-
minne on the Hanko Peninsula, S Finland
in July 2002 and 2004. The study area was
a dune slope, partly overgrown with single
pine trees (Pinus sylvestris), and bordered
by pine forest (Fig. 1). Two polydomous and
some monodomous E cinerea colonies in-
habited the centre of this area, and they were
surrounded by a ring of E rufa nests situated
along the forest margin. The local ant com-
munity included also some subordinate spe-
cies (Formica fusca, Tetramorium caespitum,
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Myrmica schencki, Temnothorax sp., and
Lasius psammophilus). Collective, trans-co-
lonial E cinerea searching area and separate
territories of particular E rufa colonies were
distinguished (Fig. 6).

Two observation levels were separated
for the study of interspecific interferences in
E cinerea: 1) possibility of interferences in the
vicinity of E cinerea colonies, and 2) changes
in the probability of interferences with in-
creasing distance from F. rufa and/or F. cine-
rea nests. Observations were carried out both
in the absence and in the presence of baits
around the F cinerea nest area. In 2002, eight
observation plots were arranged systemati-
cally in an inner and outer circle around it.
Within the plots, the number and species of
foraging individuals was recorded, as well as
the frequency and type of aggressive inter-
actions. On the beginning the observations
were carried out without baits, and then baits
were put out in the centre of each plot.

The vicinity of E rufa colonies was ex-
pected to cause lower forager density of E ci-
nerea on distant plots in the absence of baits.
Nevertheless no biases were found in the
distribution of foragers. The foraging effort
was uneven at both colonies. The number
of potential rival species was very low, only
three other species were detected: Myrmica
schencki Em., Temnothorax sp., and Tetramo-
rium caespitum (L.) (Table 1). There were no
biases in the distribution of foragers belong-
ing to other species regarding the distance
from the colony border. In the absence of
baits only a single case of direct aggression
occurred between F cinerea and M. schencki,
and the former won it. The presence of baits
enhanced the E cinerea foragers’ activity (Ta-
ble 1). Each bait was discovered by E cinerea
(Table 2), but recruitment occurred mostly
to the baits close to colony borders. E cinerea
was clearly dominant and more successful in
bait discovery, than other species (Table 2).
The average number of foragers belonging
to other species was lower close to E cinerea
colonies, than on distant baits. . rufa was not
observed on baits. The presence of baits en-
hanced the probability of conflicts (Table 3).
The majority of interspecific conflicts were
won by E cinerea, but M. schencki succeed-
ed in driving away E cinerea foragers a few
times (Table 3). Two direct interactions were
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observed between E rufa and E cinerea near
a bait, and both conflicts were won by E ci-
nerea.

The diffuse property of the territories’
borders was studied by placing baits along
transects connecting E rufa and E cinerea
colonies in 2004. Three transects connected
E rufa and E. cinerea colonies, one connected
two distinct E cinerea colonies, and one con-
nected the big E fusca colony with one of the
E rufa colonies (Fig. 6).

E cinerea and F. fusca were more frequent
on baits along transects lay between E cine-
rea and F. rufa colonies, than E rufa, which
occurred only on baits close to its colonies
(Table 4, Fig. 8). E cinerea was also mostly
abundant in the vicinity of its colonies,
while E fusca generally occupied baits be-
tween E rufa and F cinerea colonies (Fig. 8).
Other species were sporadically observed on
baits (Table 4, Fig. 8), of which E fusca and
T. caespitum correlated negatively with the
distance from E rufa colonies. Significant
negative relationships were detected between
E cinerea and E fusca, and E cinerea and
T. caespitum respectively. Four species were
detected on baits between the two E cinerea
colonies, and the results did not confirm the
existence of intercolonial low activity buf-
fer zone in E cinerea (Table 4, Fig. 9). Both
E fusca and F rufa were recorded on baits
between the big E fusca colony and its E rufa
neighbour (Table 4, Fig. 10), and negative
relationship was found between E fusca and
E rufa. E rufa and E cinerea were never ob-
served to co-occur on baits along transects,
but E fusca could co-occur with any of these
two species (Fig. 11). The other species were
also observed frequently together with E ci-
nerea, but never with E rufa.

The strange semi-territorial behaviour
of E cinerea is once again confirmed (e.g.
Marké and Czechowski, 2004), as it
could not keep the sources around its nests
entirely for itself, and lost conflicts were also
observed, but still it had a clear effect on
every other ant species living on its foraging
area. There is a clear difference between the
ecological backgrounds of relations between
E cinerea and rival, but inferior species —
E fusca, T. caespitum, M. schencki, Temno-
thorax sp. — and relations between F. cinerea
and E rufa. The relations between E cine-
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rea and species inferior to it take place in
a habitat more or less typical of all of these
species. The case of E cinerea vs. E rufa is
different from this point of view because all
real or possible relations between these two
species occur in areas, which constitute tran-
sitions between their habitats. These places
are more suitable for E cinerea, as they are
open sandy areas and suboptimal for E rufa.
Three direct interferences were observed
between the two species with different out-
come: 1) two conflicts won by E cinerea;
2) the destruction of a small E cinerea colo-
ny by E rufa; and 3) the existence of guard-
ed border between the searching area of
E cinerea an the territory of a E rufa colony.
Nevertheless the key to understanding this
specific situation lies in the transitional char-
acter of the study area. The area constitutes
a successional stage between open dune and
pine forest, where one top dominant (F ci-
nerea) is replaced by another top dominant
(E rufa) of different ant community in the
course of habitat transformation. The rela-
tively peaceful coexistence is thus momen-
tarily mediated by habitat differences, which
will diminish, as succession proceeds, and
the position of E rufa will become probably
stronger on the area currently dominated by
E cinerea. Consequently it would be worth
studying long-term changes occurring in
the behaviour of these species towards each
other.

ACKNOWLEDGEMENTS: The authors are
grateful to Kari Vepsildinen for his advices,
which helped to chart the general line of this pa-
per, as well as to the reviewer, Joanna Petal, and
to the Journal Editor for their comments and cor-
rections, which improve the MS considerably.
W. Czechowski’s stays in Finland were carried
out within the program of scientific cooperation
between the Polish Academy of Sciences and the
Academy of Finland. B. Markdss field study was
supported by a grant of the Office for Foreign
Studies of the Romanian Ministry of Education
and Research (O.N.B.S.S., Bucharest) in summer
2002. During the preparation of the manuscript
B. Mark¢ benefited of a research grant from the
Arany Janos Fund (Budapest, Hungary), and
from the Hungarian Ministry of Education. Both
authors are grateful for the support offered by the
Tviarminne Zoological Station of the University
of Helsinki during the field works, as well as of-
fering a pleasant environment for the study.

01 Czechowski&Marko.indd 485

6. REFERENCES

Azcarate F. M., Peco B. 2003 - Spatial pat-
terns of seed predation by harvester ants
(Messor Forel) in Mediterranean grassland
and scrubland - Insect. Soc., 50: 120-126.

Banschbach V. S., Herbers J. M. 1999
- Nest movements and population spatial
structure of the forest ant Myrmica puncti-
ventris (Hymenoptera: Formicidae) - Ann.
Entom. Soc. Amer., 92: 414-423.

Cerda X., Dahbi A., Retana J. 2002 - Spa-
tial patterns, temporal variability, and the role
of multi-nest colonies in a monogynous Span-
ish desert ant — Ecol. Entomol., 27: 7-15.

Cherix D., Bourne J. D. 1980 - A field study
on a super-colony of the red wood ant Formi-
ca lugubris Zett. in relation to other predatory
Arthropods (spiders, harvestmen and ants)
- Rev. Suisse Zool., 87: 955-973.

Czechowski W. 1979 - Competition between
Lasius niger (L.) and Myrmica rugulosa Nyl.
(Hymenoptera, Formicidae) - Ann. Zool., 34:
437-451.

Czechowski W. 1985 — Competition between
Myrmica laevinodis Nyl. and Lasius niger (L.)
(Hymenoptera, Formicoidea) - Ann. Zool,,
39:153-173.

Czechowski W. 1990 - Intraspecific conflict in
Formica exsecta Nyl. (Hymenoptera, Formici-
dae) — Memorabilia Zool., 44: 71-81.

Czechowski W. 1999 - Lasius fuliginosus
(Latr.) on a sandy dune - its living condi-
tions and interference during raids of Formica
sanguinea Latr. (Hymenoptera, Formicidae)
- Ann. Zool., 49: 117-123.

Czechowski W. 2000 - Interference of territo-
rial ant species in the course of raids of For-
mica sanguinea Latr. (Hymenoptera, Formici-
dae) - Ann. Zool., 50: 35-38.

Czechowski W. 2001 - Mixed colony of For-
mica pratensis Retz. + Formica cinerea Mayr
+ Formica sanguinea Latr. (Hymenoptera:
Formicidae) and its presumed origin — Ann.
Zool., 51: 205-209.

Czechowski W. 2004 - Postawa podporzad-
kowania w relacjach miedzygatunkowych
Myrmica rugulosa Nyl. (Hymenoptera, For-
micidae) [Submissive posture of Myrmica ru-
gulosa Nyl. in its interspecific relations (Hy-
menoptera, Formicidae)] — Przegl. Zool., 48:
19-28. [in Polish with English summary]

Czechowski W., Czechowska W., Vep-
saldinen K. 2005 - Structure and succes-
sion of Lasius s. str. (Hymenoptera: Formici-
dae) assemblages in a Finnish sand dune area
- reassessment after taxonomic revisions of
the sugenus — Entomol. Fennica, 16: 2-8.

2005-12-07 23:56:20



486 Wojciech Czechowski, Balint Markd

Czechowski W., Godzinska E. ],
Koztowski M. W. 2002 - Rescue behav-
iour shown by workers of Formica sanguinea
Latr., E fusca L. and E cinerea Mayr (Hyme-
noptera: Formicidae) in response to their
nestmates caught by an ant lion larva - Ann.
Zool., 52: 423-431.

Czechowski W., Pisarski B. 1988 - In-
ter- and intraspecific competitive relations
in Camponotus ligniperdus (Latr.) (Hymeno-
ptera, Formicidae) — Ann. Zool., 41: 355-381.

Czechowski W., Rotkiewicz W. 1997 - Re-
lations between Formica sanguinea Latr. and
Formica cinerea cinerea Mayr (Hymenoptera,
Formicidae) — an unusual form of dulosis
- Ann. Zool., 469-478.

Czechowski W., Vepsidldinen K. 1999
— Plesiobiosis between Formica fusca L. and
Formica aquilonia Yarr. (Hymenoptera, For-
micidae) - Ann. Zool., 49: 125-127.

Czechowski W., Vepsiliainen K. 2001
— Formica rufa L. protects indirectly E fusca
L. against raids of F. sanguinea Latr. (Hymeno-
ptera: Formicidae) — Ann. Zool., 51: 267-273.

Detrain C., Deneubourg J.-L., Pasteels
J. M. 1999 - Decision-making in foraging by
social insects (In: Information Processing in
Social Insects. Ed. C. Detrain) — Birkhauser
Verlag, Basel, pp. 331-354.

De Vroey C. 1980 - Relations interspécifiques
chez les fourmis - C. R. UIEIS Sct. Frang,
Lausanne, pp. 107-113. (in French)

Dillier F.-X., Wehner R. 2004 - Spatio-
temporal patterns of colony distribution in
monodomous and polydomous species of
North African desert ants, genus Cataglyphis
- Insect. Soc., 51: 186-196.

Dlussky G. M. 1967 - Murav’i roda Formika
(Hymenoptera, Formicidae, g. Formica) [Ants
of Formica genus (Hymenoptera, Formicidae,
g. Formica)] - Izdatelstvo “Nauka’, Moskva,
236 pp. (in Russian)

Ferndndez-Escudero I., Tinaut A. 1998
- Heat-cold dialectic in the activity of Profor-
mica longiseta, a thermophilous ant inhabit-
ing a high mountain (Sierra Nevada, Spain).
- Int. J. Biometeorol., 41: 175-182.

Gallé L. 1991 - Structure and succession of ant
assemblages in a north European sand dune
area — Holarct. Ecol., 14: 31-37.

Gallé L., Kérm6czi L., Hornung E., Ker-
ekes J. 1998 - Structure of ant-assemblages
in a middle-European successional sand-dune
area — Tiscia, 31: 19-28.

Gallé L., Kovacs E., Hevér A. 1994 - Pat-
tern transformation of ant colonies in a suc-
cessional sandy grassland - Memorabilia
Zool., 48: 81-90.

01 Czechowski&Marko.indd 486

Holldobler B., Wilson E. O. 1990 - The
Ants - Harvard Univ. Press, Cambridge, MA,
732 pp.

Jardan Cs., Gallé L., Margé6czi K. 1993 -
Ant assemblage composition in a successional
Hungarian sand dune area - Tiscia, 27: 9-15.

Keynis K. 1996 - Miljon i fordling - Vistny-
lindsk Arsbok, 20: 56-76. (in Swedish)

Krebs Ch. J. 1996 - Ekologia. Eksperymen-
talna analiza rozmieszczenia i liczebnosci
[Ecology. The Experimental Analysis of Dis-
tribution and Abundance] - PWN, Polish Sci-
entific Publishers, Warszawa, 735 pp.

Le Masne G. 1965 - Les transports mutuels
autour des nids de Neomyrma rubida Latr.:
Un nouveau type de relations interspecifiques
chez les fourmis? - C. R. Congr. IUSSI, Tou-
louse, pp. 303-322 (in French).

Lindstrom K., Berglind S.-A., Pamilo P.
1996 - Variation of colony types in the ant
Formica cinerea — Insect. Soc., 43: 329-332.

Mabelis A. A. 1984 - Interference between
wood ants and other ant species (Hymeno-
ptera, Formicidae) — Neth. J. Zool., 34: 1-20.

Mabelis A. A. 1994 - Flyingasa survival strate-
gy for wood ants in a fragmented landscape
(Hymenoptera, Formicidae) - Memorabilia
Zool., 48: 147-170

Mabelis A. A. 2003 - Do Formica species (Hy-
menoptera: Formicidae) have a different at-
tack mode? - Ann. Zool,, 53: 667-668.

Marké B., Czechowski W. 2004 - Lasius
psammophilus Seifert and Formica cinerea
Mayr (Hymenoptera: Formicidae) on sand
dunes: conflicts and coexistence — Ann. Zool,,
54: 365-378.

Méglich M. H. J., Alpert G. D. 1979
— Stone dropping by Conomyrma bicolor (Hy-
menoptera: Formicidae): a new technique of
interference competition — Behav. Ecol. So-
ciobiol,, 6: 105-113.

Palmgren P. 1972 - Studies on the spider popu-
lations of the surroundings of the Tvdirminne
Zoological Station, Finland - Commentat.
Biol. Soc. Sci. Fenn., 52: 1-133.

Pisarski B. 1980 - Evolution of the competi-
tive behaviour in social insects. In: News of
the Polish Section of the International Union
for the Study of Social Insects — Insect. Soc.,
27:284-287.

Pisarski B., Vepsdldinen K. 1989 - Com-
petitive hierarchy in ant communities (Hy-
menoptera, Formicidae) - Ann. Zool., 42:
321-329.

Punttila P., Haila Y., Pajunen T., Tukia
H. 1991 - Colonisation of clearcut forests by
ants in the southern Finnish taiga: a quantita-
tive survey — Oikos, 61: 250-262.

2005-12-07 23:56:20



Competition between E cinerea and co-occurring ants 487

Punttila P., Haila Y, Tukia H. 1996 - Ant
communities in taiga clearcuts: habitat ef-
fects and species interactions — Ecography, 19:
16-28.

Rice W. 1989 - Analyzing tables of statistical
tests — Evolution, 43: 223-225.

Rosengren R., Cherix D., Pamilo P. 1986
— Insular ecology of the red wood ant Formica
truncorum Fabr. II. Distribution, reproduc-
tive strategy and competition — Mitt. Schweiz.
Ent. Ges., 59: 63-94.

Savolainen R. 1990 - Colony success of the
submissive ant Formica fusca within territo-
ries of the dominant Formica polyctena - Ecol.
Entomol,, 15: 79-85.

Savolainen R. 1991 - Interference by wood ant
influences size selection and retrieval rate of
prey by Formica fusca - Behav. Ecol. Socio-
biol., 28: 1-7.

Savolainen R., Vepsildinen K. 1988 -
A competition hierarchy among boreal ants:
impact on resource partitioning and commu-
nity structure — Oikos, 51: 135-155.

Savolainen R. Vepsidldinen K. 1989 - Niche
differentiation of ant species within territories
of the wood ant Formica polyctena — Oikos,
56: 3-16.

Savolainen R., Vepsildinen K., Wuoren-
rinne H. 1989 - Ant assemblages in the tai-
ga biome: testing the role of territorial wood
ants — Oekologia, 81: 481-486.

Vepsdldinen K. 1980 - Modes of competition
in ants. In: News of the Polish Section of the
International Union for the Study of Social
Insects — Insect. Soc., 27: 281-284.

Vepsildinen K., Pisarski B. 1982 - Assem-
bly of island ant communities - Ann. Zool.
Fenn., 19: 327-335.

Vepsidldinen K., Savolainen R. 1990 - The
effect of interference by Formicinae ants on
the foraging of Myrmica - J. Anim. Ecol,, 59:
643-654.

Vepsildinen K., Savolainen R., Tiainen
J., Vilén J. 2000 - Successional changes of
ant assemblages: from virgin and ditched bogs
to forests — Ann. Zool. Fenn., 37: 135-149.

(Received after revising June 2005).

01 Czechowski&Marko.indd 487

2005-12-07 23:56:20



