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ABSTRACT: Formica cinerea Mayr is sup-

posed to be the top dominant of ant communities 
in successional sandy habitats, whereas wood ant 
species, e.g. F. rufa L., play this role in forests. These 
species often co-occur in overlapping habitats. The 
aim of the study was to recognize competitive in-
terrelations between them in the broad ecological 
aspect of relations with local subordinate species, 
including F. fusca L., Tetramorium caespitum (L.) 
and Myrmica schencki Viereck. Study area was 
a sand dune slope surrounded by pine forest at 
Tvärminne, S Finland, where F. cinerea nest com-
plexes were encircled by F. rufa colonies. Baiting 
experiments, preceded by ‘nudum’ observations 
were carried out. The presumption that F. rufa 
would influence the activity of F. cinerea was not 
supported by the results. No-ant zones separated 
the territories of these two species almost through 
the total length of the boundary of the F. cinerea 
range. The outcome of interspecific interactions 
within the multi-species community studied cor-
responded with the species competitive status 
generally. The results are discussed in the context 
of interspecific competition hierarchy in ants and 
succession of ant communities.

KEY WORDS: ants, Formica cinerea, Formi-
ca rufa, Formica fusca, competition, coexistence, 
territoriality, foraging strategy.

1. INTRODUCTION

“The greatest enemies of ants are other 
ants”. This 19th-century maxim by August 
Forel is still quoted in myrmecological litera-
ture. Chief negative interactions among ants 
include predation, social parasitism and, most 
importantly, inter- and intraspecific compe-
tition. Taxonomically all ants belong to one 
family. The morphological and systematic 
affinity is paralleled by ecological similari-
ties, which implies considerable overlap be-
tween the niches of many species. Most ants 
are pantophagous, and they are generalist 
feeders in every aspect of their pantophagy: 
as predators and scavengers they choose the 
most available prey at a given time and place; 
as mellitophages they milk homopterans that 
are within their range at a given moment.

All ants are social animals, forming sta-
ble and often very numerous colonies. Ants 
are numerically dominant in the soil meso-
fauna at most terrestrial habitats, accounting 
for 10–15% of total animal biomass (Höl l-
dobler  and Wilson, 1990). Foragers are 
very mobile, so that the frequency of their 
encounters with competitors is incompara-
bly higher, than that of solitary animals. This 
high abundance and activity as well as the 
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considerable energy needs of ants associated 
with their social habit result in an immense 
biotic pressure of ants on their environment 
and, consequently, on other ants. Their social 
habit is associated with their nesting mode of 
life. Ants compete for nesting sites and the 
spatial distribution of nests (=colonies) adds 
to their competitive interactions. 

Interspecific competition for resources is 
classified as scramble (exploitative) or contest 
(interference) competition (Krebs , 1996; see 
also Vepsä läinen, 1980). The latter type 
manifests itself in a particularly spectacu-
lar way among ants as a broad spectrum of 
aggressive behavioural patterns, from overt 
hostility to a variety of frequently sophis-
ticated forms of ritualized aggression (e.g. 
Le  Masne, 1965; Mögl ich and Alper t , 
1979; Czechowski , 1979, 2004; de  Vroey, 
1980). In evolutionary terms, contest com-
petition leads to territorialism or (and) the 
development of an interspecific dominance 
hierarchy (Pisarski , 1980). Ant species are 
hierarchically arranged on the basis of so-
cial organization of their colonies (colony 
size, forager density, recruitment efficiency, 
etc.) and the hierarchy consists of three main 
competition levels. These are: submissive 
species (defending only their nests), encoun-
ter species (defending also food sources) and 
territorial species (defending their whole 
foraging areas) (Vepsä läinen and Pisar-
ski , 1982; Savolainen and Vepsä läinen, 
1988; Pisarski  and Vepsä läinen, 1989). 
The concept of competition hierarchy in ants 
is already well documented with examples 
of various interspecific interferences (e.g. 
Czechowski , 1979, 1985; Mabel is , 1984; 
Savolainen,  1991).

In boreal and temperate mature, especial-
ly coniferous, forests unquestioned top domi-
nants of ant communities are mound building 
wood ants of the Formica rufa group – highly 
aggressive and territorial species. Their role in 
structuring multi-species ant assemblages and 
relations with subordinate species is already 
well known (Savolainen and Vepsäläin-
en, 1988, 1989; Savolainen et al., 1989; 
Puntt i la  et al., 1991, 1996; Czechowski , 
2000; Vepsä läinen et al., 2000; Cze   chow-
ski  and Vepsä läinen, 2001).

It can be supposed that a similar role, 
at least potentially, is played by the xero-

thermophilous Formica cinerea Mayr in 
sun-exposed successional sandy habitats, 
from coastal and inland dunes to light pine 
forests. Its colonies are monogynous or po-
lygynous, the latter frequently develop into 
vast and very populous polydomous systems 
(Lindström et al., 1996). It is an aggres-
sive species living largely by predation while 
also feeding on honeydew. In respect of its 
hierarchical status, F. cinerea is potentially 
a territorial species: smaller colonies display 
at least some territorial traits (Czechows-
ki , 1999; Markó and Czechowski , 2004), 
whereas large polydomous colonies seem to 
be completely territorial (W. Czechowski, 
A. Radchenko, K. Vepsäläinen, unpubl. ob-
servations). According to Dlussky (1967), 
F. cinerea is able to successfully compete for 
territory against wood ants.

Subordinate species display special ad-
aptations in the presence of dominant ter-
ritorials, which help them survive in the 
neighbourhood of territorial colonies. Sig-
nificant shifts in the foraging strategy and 
in the competitive behaviour may let them 
establish more or less stable colonies in ar-
eas dominated by territorials (Savolainen 
and Vepsä läinen, 1988; Vepsä läinen 
and Savolainen, 1990; Savolainen, 1991; 
Czechowski  and Vepsä läinen, 1999). 
On the other hand other potential rival spe-
cies can establish colonies only at the border 
of the territories or in areas with low frequen-
cy of territorial ant foragers (Rosengren et 
al., 1986; Savolainen and Vepsä läinen, 
1988, 1989).

Wood ants and F. cinerea often 
co-occur at forest margins, as it happens at 
sand dunes in southern Finland, where F. ci-
nerea compact nest complexes are sometimes 
even surrounded by F. rufa colonies. The 
presence of F. cinerea colonies in areas domi-
nated by F. rufa obviously raises the ques-
tion, whether the inferior F. cinerea displays 
any behavioural adaptations. The influence 
of F. rufa on the behaviour of F. cinerea could 
also imply changes in the F. cinerea’s relation-
ship with other species present in such areas.

Thus the aims of the present study are 
to investigate: 1) F. cinerea’s competitive 
and foraging behaviour around its colonies; 
2) possible changes occurring in F. cinerea’s 
behaviour with increasing distance from its 
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colonies in the vicinity of F. rufa nests; 3) the 
possibility and frequency of interferences 
between F. cinerea and F. rufa in each others 
neighbourhood; 4) the differences between 
the competitive behaviour of F. cinerea and 
F. fusca (L.), which is the most frequent op-
portunistic species in the area, well known 
for its implicit submissive attitude towards 
wood ants but also for its high behavioural 
plasticity (see Savolainen and Vepsä läin-
en, 1988, 1989; Savolainen, 1990, 1991); 
5) and finally exploring the future pathways 
of this strange situation.

All these may help in understanding how 
large F. cinerea colonies are able to survive in 
the neighbourhood of strong F. rufa nests. 

The competitive relations of F. cinerea 
with Lasius psammophilus Seifert, which 
frequently co-occurs with the former, have 
been investigated earlier (Markó and 
Czechowski , 2004).

2. STUDY AREA, MATERIAL 
AND METHODS

2.1. General information

The studies were carried out in a com-
plex of sand dunes near the village of Tvär-
minne on the Hanko Peninsula, S Finland 
(59º50’N, 23º15’E) (see Pa lmgren, 1972; 
Keynäs , 1996) in July 2002 and 2004. The 
structure and succession of ant assemblages 
(Gal lé , 1991; Czechowski  et al., 2005), 
as well as socially parasitic and competitive 
interspecific relations in ants (Czechow-
ski  and Rotkiewicz , 1997; Czechowski , 
1999, 2000, 2001; Czechowski  and Vep-
sä läinen, 2001; Czechowski  et al., 2002; 
Markó and Czechowski , 2004) had al-
ready been studied there. Altogether 30 ant 
species were recorded, and within these 
F. cinerea belonged to the most abundant 
ones in respect of colony density. Wood ants 
were mostly represented by Formica rufa L., 
but other species were also present.

The study area was a soft, south-facing 
dune slope, partly overgrown with single 
pine trees (Pinus sylvestris), and bordered 
by pine forest on the north, east and south 
(Fig. 1). Several different-sized F. cinerea 
colonies lay in this area. In 2002 a large and 
compact F. cinerea nest complex (FC-1) was 

found in the centre of this area made up 
of several colonies, borders of which were 
hardly distinguishable and only aggressive-
ness tests revealed their separateness. Then 
this structure loosened up, and in 2004 three 
separate colonies could be distinguished. 
One of them was a big polydomous colony 
(ca. 10 m2; Fig. 2), which territorially rough-
ly corresponded to FC-1, and this symbol 
was, to simplify, kept also for the former (it 
should be stressed, however, that the symbol 
relates to the heterogynous nest complex in 
2002, and to the homogynous polydomous 
colony in 2004). Two other colonies, FC-1* 
and FC-1**, were much smaller, but very 
active monodomous ones. In the vicinity of 
this nest complex lay the clearly separate, and 
fairly big polydomous colony FC-2, which 
retained more or less its original place in 
2004, and its area measured ca. 7 m2. More-
over one smaller, apparently monodomous, 
however several-entrance colony FC-3 oc-
curred there in 2002, which was visibly dying
out in 2004, and it was reduced to a one-en-
trance nest. Remnants of another small nest 
were also detected laying between FC-3 and 
F. rufa nest 4 (see below) in 2002, but this 
F. cinerea colony disappeared completely at 
the beginning of July 2002, and never reap-
peared after that (Fig. 6).

The above-mentioned F. cinerea colo-
nies originally were surrounded by five 
F. rufa colonies: FR-1, FR-2, FR-3, FR-3* 
and FR-4. FR-3* probably was a filial nest of 
FR-3, which disappeared in 2004. FR-1, quite 
strong in 2002, was dying out in 2004, and it 
was almost inactive in the field. The remain-
ing F. rufa colonies were very active and their 
ranges locally reached the area searched by 
F. cinerea. Territories of F. rufa and area of F. 
cinerea were determined based on the ranges 
of foraging workers outside the trunk trails 
(including their presence on the baits; see 
below). Three separate territories were dis-
tinguished at all three active F. rufa colonies 
(FR-2, FR-3 and FR-4) in 2004. In the case 
of F. cinerea the ranges of particular colonies 
were undistinguishable, so it seemed to exist 
a single searching range of the whole trans-
colonial F. cinerea nest system (Fig. 6).

An unusually big F. fusca L. colony (FF) 
was also detected close to FR-3 nest in 2004 
(Fig. 6). The nest lay almost in bare sand, and 

01 Czechowski&Marko.indd   46901 Czechowski&Marko.indd   469 2005-12-07   23:56:162005-12-07   23:56:16



470 Wojciech Czechowski, Bálint Markó

Fig. 6. Map of the studied complex of F. cinerea (FC) and F. rufa (FR) colonies with their territories, 
and the position of bait transects in July 2004 (for colony symbols details see text); 1 � nest area of 
F. cinerea polydomous colony, 2 � F. cinerea single nest, 3 � F. cinerea foraging station, 4 � F. cinerea 
foraging trail (or route of foraging raids; see text), 5 � bait transect (first and last bait marked with 
numbers), 6 � range of F. rufa territory or of F. cinerea trans-colonial searching area, 7 � guarded border 
between F. rufa and F. cinerea territories, 8 � forest margin, 9 � single pine tree with range of its bottom 
branches (FF � big F. fusca colony; dense forest area marked with green, open sandy area left white).
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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 F. 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 F. sanguinea Latr. that 
nested nearby the described area.

Aggressiveness tests were used to reveal 
the colonial structure of the studied F. 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 F. 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 F. ci-
nerea and other species, especially F. rufa: 
1) possibility of interferences in the imme-
diate vicinity of F. cinerea colonies studied 
in 2002, and 2) changes in the probability of 
interferences with increasing distance from 
F. rufa and/or F. 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 (Vepsä läinen and Pisarski , 1982; 
Savolainen and Vepsä läinen, 1988; 
Czechowski , 1990; Vepsä läinen and 
Savolainen, 1990; Gal lé , 1991; Járdán 
et al., 1993; Gal lé  et al., 1998; Czechows-

ki  and Vepsä läinen, 2001; Markó 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 (19×19 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 Markó and 
Czechowski , 2004). Within the plots, the 
number and species of foraging individuals 
was recorded, as well as the frequency and 

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 90o 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 45o 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 800 and ended at 
1140, the next one started at 1240 and ended 
at 1620, whereas the last one lasted from 1720 
till 2100.

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 F. cinerea with 
F. rufa, as well as the diffuse property of the 
territories’ borders were studied by placing 
baits along transects connecting some of the 
F. rufa and F. cinerea colonies in July 2004 
(Fig. 6). Flat plastic caps (2.5 cm diameter) 
filled 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 

border of a F. cinerea nest complex. The ob-
servations were carried out in 18 replicates 
during 4 days: 3 observations were made in 
the morning (from 900 to 1100) and in the af-
ternoon (from 1500 to 1700), 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 
F. rufa and F. cinerea colonies. The 1st transect 
connected FR-3 and FC-1, and it consisted of 
15 baits. The 2nd transect connected FR-2 and 
FC-1, and it included 18 baits. The 3rd 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 F. cinerea foragers in the area, or there is 
a forager poor buffer zone between them. For 
this purpose, the 4th transect was established 
connecting these two colonies; it consisted of 
12 baits (Fig. 6).

The proximity of the peculiarly big and 
very active F. 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 F. rufa mound. The 5th transect, contain-
ing 8 baits, connected these two colonies, and 
it ended beyond the F. fusca colony (Fig. 6).

2.4. Statistical analysis

The activity data obtained in the absence 
and in the presence of baits around F. 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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als was pooled and averaged by the number 
of replicates (n = 18) in the case of each tran-
sect. The mean number of individuals per 
bait and per replicate was used further on, as 
strong positive relationships were detected 
between the mean number of foragers and 
the frequency of the species occurrence on 
a specific bait (Spearman r ≥ 0.72, P < 0.01, 
nt1,3 = 15, nt2 = 18, nt4 = 12, nt5 = 8, in the case 
of every transect and species).

The datasets were not normally dis-
tributed, thus non-parametric tests (Mann-
Whitney U-test, Kruskal-Wallis ANOVA, 
Spearman rank-correlation) were used for 
the analyses of the data. In case of correla-
tions among a set of variables sequential 
Bonferroni adjustment of the P level was ap-
plied (Rice, 1989).

3. RESULTS

3.1. Territories of F. rufa and F. cinerea

F. rufa colonies FR-2 and FR-3 were both 
situated similarly, i.e. on the upper margin of 
the dune at the edge of a pine forests (Figs 
2, 3). The intensively searched main part 
of their territories lay in the forest (Fig. 6). 
From the south, on the slope, the F. rufa ter-
ritories neighboured: 1) FR-3 – with the un-
usually strong F. fusca colony (FF); 2) FR-2 
– with the trans-colonial searching area of 
F. cinerea. This constituted the main differ-
ence between them seemingly. Thus the terri-
tory of FR-3 had its extensively searched area 
on the slope, including the shady area around 
a big pine (there were no regular trunk trails 
leading to the trunk). In order to reach this 
area, the ants crossed a bare sand sunny area 
stretching over several metres. F. rufa forag-
ers often walked among F. fusca workers in 
the immediate vicinity of their nest. There 
had not ever been hostile contacts between 
the species, not even when F. rufa individuals 
walked almost over the F. fusca nest entrances. 
Colony FR-3 even tried to settle this part of 
the territory, establishing there its filial nest 
(FR-3*) (Fig. 6). Colony FR-3* was very ac-
tive in 2002, but it disappeared until 2004. At 
the beginning of the studies in 2002 a raid 
of FR-3* was observed destroying a small 
F. cinerea colony situated between FC-3 and 
FR-4 in the area, which later on constituted 

the border between the territory of FR-4 and 
the trans-colonial searching area of F. cine-
rea in 2004. Only a few F. cinerea individuals 
were found taking refuge on pine branches, 
or in some of the still open entrances, while 
F. rufa workers covered the whole area. The 
attack was clearly different from the raids of 
F. sanguinea (see Czechowski  and Rotkie-
wicz , 1997), as F. rufa individuals were not 
trying to dig out the F. cinerea nest. The small 
F. cinerea colony did not had the chance of 
recovering as the presence of F. rufa became 
stable in that area mainly due the presence 
of aphids on the surrounding pines during 
summer 2002.

Contrary to FR-3 the territory of FR-2 
was almost limited to the forest interior, al-
though the slope area below FR-2 – relatively 
shady, covered with moss and litter and with 
several pines – seemed to be much more at-
tractive, than the analogous area at FR-3. 
The territory of FR-2 included only a narrow 
strip of the slope area, and its major part was 
occupied by F. cinerea (Fig. 6).

The territories of FR-2 and FR-3 and the 
trans-colonial searching area of F. cinerea did 
not join each other; they were seemingly di-
vided by no-ant-zones (Fig. 6). The pine tree 
between the FR-2 territory and the F. cinerea 
range was spot of special interest in this re-
spect. F. rufa workers reached the foot of this 
pine tree, and (however rarely) some work-
ers climbed up the trunk. On the other side, 
F. cinerea workers reached extremities of bot-
tom trailing branches and this way they (also 
rarely) got to the tree.

The territory of FR-4 and the trans-colo-
nial searching area of F. cinerea joined direct-
ly on a short stretch (ca. 2 m; Fig. 6) in 2004. 
There was a well-visible border, guarded on 
both sides along this stretch. From several 
to about dozen of workers of each species 
patrolled the border permanently, and they 
formed two diffuse fronts ca. 20 cm away 
from each other (Figs 4, 5). No encounters 
were observed. This part of the trans-colo-
nial searching area of F. cinerea belonged to 
FC-1. Existence of the border, guarded on 
either side, between F. rufa (an evidently ter-
ritorial species) and F. cinerea led us to rec-
ognize the searching area of the latter – at 
least its part of FC-1 – as a territory, and the 
colony itself – as a territorial one. This bor-
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der, however, did not exist in 2002, a small 
F. cinerea colony lay here, which was attacked 
and destroyed by FR-3* (see above). 

3.2. Foraging around F. cinerea colonies

3.2.1 Spatial patterns
The vicinity of F. rufa colonies was ex-

pected to cause lower forager density of F. ci-
nerea on distant plots around FC-1 and FC-2 
in the absence of baits in 2002. The average 
number of F. cinerea foragers observed on 
plots was compared between the two circles, 
but no differences were found in the distribu-
tion of foragers (Mann-Whitney U-test, z ≤ 
–1.54, n.s., n = 33): 1) meanouter = 0.18 (SD = 
±0.17), meaninner = 0.14 (SD = ±0.22) at FC-1; 
2) meanouter = 0.41 (SD = ±0.32), meaninner = 
0.56 (SD = ±0.37) at FC-2. Thus the hypoth-
esis that F. rufa inhibited the foraging activity 
of F. cinerea around their colonies could be 
rejected in this special case. The evenness of 
foraging effort of F. cinerea was also analyzed 
in the absence of baits. The comparison of 
the F. cinerea foragers’ number among the in-
ner and outer plots respectively showed that 
the foraging effort was uneven in both circles 
at both colonies: Kruskal-Wallis ANOVA 
chi2 ≥ 14.86, P < 0.01 (n = 33 observations, 
4 plots).

The number of potential rival species 
was very low in the absence of baits. Only 
three other species were detected around the 
studied F. cinerea colonies (Table 1): Myr-
mica schencki Viereck. and Temnothorax sp. 
at both colonies, and Tetramorium caespi-
tum (L.) around FC-1. No F. rufa forager oc-
curred on plots. There were no differences in 
the average numbers of foragers (n = 4 plots, 

n = 33 observations.) belonging to other spe-
cies regarding the distance from the colony 
border at FC-2 (Mann-Whitney z = –0.17, 
n.s., n = 33): meaninner = 0.08 (SD = ±0.17), 
meanouter = 0.08 (SD = ±0.23). Temnothorax 
sp. was observed only on close plots, whereas 
M. schencki on plots of both circles, but no 
significant differences were detected in this 
case either (Mann-Whitney z = –1.24, n.s., 
n = 33): meaninner = 0.01 (SD = ±0.06), mean-
outer = 0.08 (SD = ±0.23). In the case of FC-1 
foragers belonging to other species were ob-
served only on plots of the outer circle in the 
absence of baits, but their number was very 
low (Table 1).

The presence of baits enhanced the 
F. cinerea foragers’ activity (Table 1). Each 
bait was discovered by F. cinerea (Table 2), 
but recruitment occurred mostly to the baits 
close to colony borders: 4 inner vs. 2 outer at 
FC-1, and 2 inner vs. 1 the outer bait at FC-2. 

The activity of other species around 
F. cinerea colonies was also enhanced by the 
presence of baits (Table 1), but F. cinerea was 
clearly dominant and it was more success-
ful in bait discovery (Table 2). Although it 
seemed that other species could equally be 
present on close and on distant baits (Table 2),
 still their distribution around the studied 
F. cinerea colonies was biased, as the average 
number (n = 4 plots, n = 33 observations) of
foragers belonging to other species was lower 
close to F. cinerea colonies, than on distant 
baits (Mann-Whitney U-test, z ≤ –3.36, P < 
0.01, n = 33): 1) meaninner = 0.03 (SD = ±0.1), 
meanouter = 7.04 (SD = ±8.08) at FC-1; 2) 
meaninner = 0.15 (SD = ±0.24), meanouter = 7.27 
(SD = ±12.94) at FC-2. Myrmica schencki was 
the most frequent and abundant species sec-

Table 1. Mean number (and SD) of individuals of the most frequent ant species per one minute of ob-
servations (n = 33, the number of individuals was pooled over the 8 plots/baits) in the absence (nudum) 
and in the presence of baits around F. cinerea nest complex FC-1 and colony FC-2 in July 2002 (for the 
scheme of arrangement of the observation plots/baits see Fig. 7).

Species
FC-1 FC-2

nudum baits nudum baits

Formica cinerea
Formica fusca
Myrmica schencki
Temnothorax sp.
Tetramorium caespitum

0.16 (0.14)
–

0.01 (0.04)
0.01 (0.03)

0.004 (0.02)

9.28 (5.5)
–

2.1 (3.6)
0.19 (0.18)
1.24 (3.02)

0.49 (0.24)
–

0.5 (0.12)
0.03 (0.08)

–

2.26 (1.23)
0.03 (0.08)
3.64 (6.47)
0.04 (0.09)

–
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ond to F. cinerea on baits (Tables 1, 2), and it 
was present mostly on distant baits at both 
colonies (Mann-Whitney U-test, z ≤ –3.29, 
P = 0.000, n = 33): 1) meaninner = 0.03 (SD = 
±0.1), meanouter = 4.17 (SD = ±7.15) at FC-1; 
2) meaninner = 0.04 (SD = ±0.12), meanouter = 
7.24 (SD = ±12.92) at FC-2. The other spe-
cies occurred in low numbers (Table 1), and 
no specific rules were found regarding their 
distribution (Table 2). F. rufa foragers were 
not observed on any of the baits.

Other species than F. cinerea succeeded 
in dominating only distant baits. A single 
bait was dominated by Myrmica schencki at 
FC-1 and FC-2 respectively, and one bait by 
Tetramorium caespitum at FC-1.

3.2.2.  Conflicts around F. cinerea colonies
Myrmica schencki and Temnothorax sp. 

were frequently recorded together with F. ci-
nerea on baits around the studied F. cinerea 
colonies (Table 2) in 2002. Interestingly Tet-
ramorium caespitum never co-occurred with 
F. cinerea. This, however, could not be attrib-
uted to the exclusion of F. cinerea from that 

specific bait, as F. cinerea had not discovered 
previously the bait exploited by T. caespitum. 
In the absence of baits only a single case of 
direct aggression was recorded around the 
F. cinerea colonies, which took place between 
one F. cinerea and one M. schencki forager 
outside of a distant plot at FC-2.

The presence of baits enhanced consid-
erably the probability of conflicts (Table 3). 
Two types of interactions were taken into 
consideration: 1) direct aggressions charac-
terized by biting or dragging the adversary, 
and 2) indirect conflicts, where usually one 
of the parties ran away after tipping the rivals 
body without entering into mutual inspec-
tion (being frightened off). The majority of 
conflicts occurred around FC-2, and was di-
rected toward two species mostly: F. cinerea 
itself and Myrmica schencki. Though the ma-
jority of interspecific conflicts were won by 
F. cinerea, there were examples for the oppo-
site, too. When crowded on baits M. schencki 
succeeded in driving away F. cinerea foragers 
a few times (Table 3). F. fusca and Temno-
thorax sp. were inferior to F. cinerea in every 

Table 2. Absolute frequency of different ant species on baits (n = 8 baits × 33 observations = 264 total 
observations), the number of baits discovered by foragers (inner vs. outer circle), and the number of co-
occurrences with F. cinerea foragers on baits (inner vs. outer circle) around F. cinerea nest complex FC-1 
and colony FC-2 in July 2002 (for the scheme of arrangement of the observation plots/baits see Fig. 7).

Species
FC-1 FC-2

frequency baits co-occur. frequency baits co-occur.

Formica cinerea
Formica fusca
Temnothorax sp.
Myrmica schencki
Tetramorium caespitum

186
–
31
17
6

4 vs. 4
–

0 vs. 2
1 vs. 1
0 vs. 1

–
1 vs. 1

0 vs. 20

165
6
9

28
–

4 vs. 4
3 vs. 2
2 vs. 1
2 vs. 2

–

–
4 vs. 1

5 vs. 16
7 vs. 2

Table 3. Frequency (number of individual encounters) of different types of interactions of different ant 
species with F. cinerea in the presence of baits around F. cinerea nest complex FC-1 and colony FC-2 
in July 2002, and their outcome (lost or won by the other species to F. cinerea) (for the scheme of ar-
rangement of the inner and outer circles of the observation plots/baits see Fig. 7).

Colonies and species Direct aggression Frightened off without aggression
inner outer inner outer

FC-1 Formica cinerea � � 1 �
Temnothorax sp. � lost � 3 � 3

FC-2

Formica cinerea 12 � 5 2
Formica fusca � lost 5 � 2 �
Myrmica schencki � won � 4 � 5
Myrmica schencki � lost 3 12 � �
Temnothorax sp.� lost � � 2 �
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case. Whereas intraspecific conflicts could 
occur almost equally close to the colony and 
far from it, interspecific conflicts took place 
on distant baits mostly (Table 3). Interest-
ingly, two direct interactions were observed 
between F. rufa and F. cinerea near a bait 
(not on a bait) at FC-1, and both conflicts 
were won by F. cinerea. As the territory of 
F. rufa nests did not expand to the baits, these 
F. rufa individuals were probably lost forag-
ers or single scouts searching for other pos-
sible food sources.

3.3. Foraging ranges of Formica species

3.3.1.  Transects between F. rufa and F. 
cinerea colonies

Altogether foragers of seven species were 
observed on baits along transects 1–3 in 
2004, of which the three Formica species were 
the most abundant: F. cinerea, F. rufa and 
F. fusca (Table 4). F. cinerea and F. fusca were 
more frequent on baits than F. rufa, which 
occurred only on baits close to its colonies 
(Fig. 8). It was especially rare on baits along 
transect 3, which linked FR-2 and FC-2. 
Seemingly F. rufa was almost not interested 
in baits. Nevertheless, its low abundance was 
not caused by a generally low activity, as, 
contrary to baiting results, F. rufa had fairly 
intense trunk trails to pines; e.g. FR-4 used all 
pines on the part of its territory to the north 
of its nest (Fig. 6).

F. cinerea was also mostly abundant in 
the vicinity of its colonies (Fig. 8), and its in-
terest in baits was very uneven. FC-1 almost 
did not use the baits; it had a permanent 
foraging trail to a pine tree with a foraging 
station at the trunk. FC-2 also periodically 
organized foraging raids to a pine tree next 

to its colony (Fig. 6). This peculiar behav-
iour was observed twice at this colony. First 
time a column of about 30 workers left the 
colony area and directed towards the pine. 
Then they climbed on the tree trunk and 
disappeared in the canopy. On the second 
time about 10 individuals formed the group. 
Such raid was also observed once at another 
F. cinerea colony at Tvärminne (Markó per-
sonal observation), thus it seems that these 
foraging raids are not unusual at all. Single 
baits were very attractive only for the small 
colonies FC-1*’ and FC-1** (Fig. 8; transects 
1 and 2). These colonies seemed to be young 
ones with poor competitive status, and prob-
ably they did not have their own permanent 
food sources. Some of the exploited baits 
were located in the immediate vicinity of the 
colonies, as in the case of FC-1**, but greater 
distances could also not reduce effective re-
cruitment to baits, as it happened in the case 
of FC-1* (Fig. 6).

F. fusca generally occupied baits between 
F. rufa and F. cinerea colonies (Fig. 8), and it 
seemed to be more evenly distributed. Tetra-
morium caespitum and Temnothorax sp. were 
also quite frequently observed on baits along 
transect 2 (Table 4, Fig. 8), and the presence 
of Myrmica schencki varied considerably (Ta-
ble 4, Fig. 8). M. schencki and T. caespitum 
were recorded in higher numbers only along 
transect 3 (Fig. 8), but they were mostly con-
centrated on single baits. In addition to these 
species Lasius psammophilus also occurred 
in very low numbers on baits (Table 4).

Abundance of F. rufa correlated nega-
tively with the distance from its colony only 
along transect 1 (Spearman r = –0.84, P = 
0.000, n = 15), whereas in the case of F. cine-
rea such relationship with the distance from 

Table 4. Mean number of individuals of different ant species per bait (n = 15, 18, 16, 12 and 8 baits 
respectively) and per replicate (n = 18 replicates in each case) observed on baits along the five transects 
in July 2004 (for arrangement of the bait transects see Fig. 6).

Species\Transect FR-3�FC-1 FR-2�FC-1 FR-2�FC-2 FC-2�FC-1 FR-3�FF
Formica cinerea
Formica rufa
Formica fusca
Lasius psammophilus
Tetramorium caespitum
Temnothorax sp.
Myrmica schencki

2.78
7.56
10.17
0.5
�
�
�

12.28
2.39
8.89

�
2.06
1.28
0.06

4.11
0.33
6.22
0.06
3.5
0.16
7.61

16.77
�

0.28
�
�

0.11
0.72

�
5.39
14.00

�
�
�

0.11
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its colony was detected both along transect 
1 and 3 (Spearman r ≤ –0.69, P < 0.01, n = 
15). Interestingly, on its turn F. fusca cor-
related negatively with the distance from 
F. rufa colonies at transect 2 and 3 (Spearman 
r ≤ –0.75, P = 0.000, nt2 = 18, nt3 = 15), as well 
as the abundance of Tetramorium caespitum 
foragers at transect 3 (Spearman r = –0.66, 
P < 0.01, n = 15).

3.3.2.  Transect between F. cinerea 
colonies

Four species were detected on baits along 
transect 4 in 2004, and F. cinerea was the most 
frequent and most abundant species there 
(Table 4, Fig. 9), whereas F. fusca, Myrmica 
schencki and Temnothorax sp. were pres-
ent in low numbers. The shape of the abun-
dance curve did not confirm the existence 
of intercolonial low activity buffer zone in 
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M. schencki T. caespitum Temnothorax sp.

Fig. 8. Mean number of foragers of the most frequent ant species registered on particular baits along the 
bait transects between F. rufa (FR) and F. cinerea (FC) colonies in 2004: transect 1 (15 baits) � between 
FR-3 and FC-1, transect 2 (18 baits) � between FR-2 and FC-1, transect 3 (15 baits) � between FR-2 
and FC-2 (for situation of the transects see Fig. 6).
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F. 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 F. cinerea colonies.

3.3.3.  Transect between F. rufa and F. 
fusca colonies

Both F. fusca and F. rufa were recorded 
on baits along transect 5 in 2004, but F. fusca 
was more interested in baits (Table 4, Fig. 

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

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 F. rufa and with F. cinerea in 2004. Bait transects: 1 – between F. rufa colony FR-3 and 
F. cinerea colony FC-1 (max. no. of obs. = 270), 2 – between F. rufa colony FR-2 and F. 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 F. cinerea colonies FC-1 and FC-2 (max. no. of obs. = 216), 5 – between F. rufa 
colony FR-3 and F. fusca colony FF (max. no. of obs. = 140) (for their situation see Fig. 6).

01 Czechowski&Marko.indd   47901 Czechowski&Marko.indd   479 2005-12-07   23:56:182005-12-07   23:56:18



480 Wojciech Czechowski, Bálint Markó

3.3.4. Interferences along the transects
F. rufa and F. cinerea were never observed 

to co-occur on baits along the transects in 
2004, but F. fusca could co-occur with any of 
these two species (Fig. 11). The other species 
were also observed frequently together with 
F. cinerea, but never with F. rufa – with the ex-
ception of Myrmica schencki (Fig. 11). F. 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 F. cinerea correlated negatively both with 
F. 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 F. cinerea, which almost totally 
excluded any other species from the baits.

As suggested by the abundance curves 
of foragers of F. 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 (Cher ix  and B ourne, 1980; 
Savolainen and Vepsä läinen, 1988, 
1989; Pisarski  and Vepsä läinen, 1989; 
Savolainen et al., 1989; Savolainen, 
1990, 1991; Vepsä läinen and Savolain-
en, 1990; Detrain et al., 1999; Azcárate 
and Peco, 2003), and even in the rate of re-
cruitment (De Vroey, 1980; Detrain et 

al., 1999). For instance, F. fusca selects for 
smaller prey size in the presence of F. 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 Vepsä läinen, 
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 (Cher ix  and B ourne, 
1980; Rosengren et al., 1986; Savolainen 
and Vepsä läinen, 1988, 1989; Pisarski 
and Vepsä läinen, 1989; Savolainen et 
al., 1989; Savolainen, 1990, 1991; Vep-
sä läinen and Savolainen, 1990; Gal lé  et 
al., 1994; Czechowski  and Vepsä läinen, 
1999). Thus the more plastic the behaviour 
of a species is, the more adaptable a species 
becomes to different types of ant communi-
ties. F. 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 F. cinerea is known to 
have territorial tendencies (see Markó 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 F. 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 
F. rufa colonies around F. 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 
F. cinerea.

Contrary to any expectations F. cinerea’s 
activity does not seem to be influenced by 
F. rufa around its colonies at all, F. rufa for-
agers were not even registered on plots and 
baits. The spatial distribution of F. cinerea 
foragers around their own colonies is in con-
formity with the general pattern observed at 
other F. cinerea colonies on the Tvärminne 
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dunes, lacking wood ant neighbours (Markó 
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 F. cinerea colonies, as learned from 
the baiting experiments. However, F. 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 F. cine-
rea suggests, that they may have succeeded 
only because the majority of F. cinerea forag-
ers were already engaged in exploiting other 
sources. It is also true that when these two 
species are clumped on the baits, F. cinerea 
generally retreats, like it happens with Lasius 
psammophilus (Markó and Czechowski , 
2004). The superiority of F. cinerea around 
its colonies is also supported by the outcome 
of the two conflicts with F. rufa individuals 
near the bait.

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

F. 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 

between colonies FC-1 and FC-2. Still, M. 
schencki and T. caespitum can live in areas 
dominated by F. cinerea, and even exploit 
food sources successfully, due to the re-
duced recruitment potential of F. 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 (Fernández-Escudero 
and Tinaut , 1998), and also lets F. cinerea 
and L. psammophilus coexist peacefully side-
by-side (Markó and Czechowski  2004). 
Besides the surface activity of F. cinerea was 
very weak in the study period in 2004 gener-
ally, not only at Tvärminne, but also at an ex-
tremely big (ca. 1 ha) F. 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 F. cinerea colo-
nies generally allocate more effort to forag-
ing on trunk trails, than around colonies 
(Markó and Czechowski , in prep.).

F. 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 
Vepsä läinen, 1989; Savolainen, 1990). 
The dynamic density of F. 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 F. 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 
F. fusca activity and colony size is well known 
(Rosengren et al., 1986; Savolainen and 
Vepsä läinen, 1989; Savolainen, 1990; 
Czechowski  and Vepsä läinen, 1999), 
this species seems to be more affected by the 
presence of F. cinerea, thus it prefers areas 
dominated by F. rufa to those dominated by 
F. cinerea. Still the negative effect of F. rufa is 
well documented by the fact that the strong 
F. fusca colony within the F. rufa’s territory, 
on its turn, is clearly negatively influenced by 
F. rufa. It seems that F. fusca has an ambigu-
ous relationship with F. rufa in this specific 
situation: 1) in some cases (probably small, 
weak colonies) it is ‘protected’ by the prox-
imity of F. rufa from F. 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 Vepsä läinen, 1999).

The other species, as M. schencki, T. caespi-
tum and Temnothorax sp. are only sporadically 
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 F. rufa, as 
it never co-occurs with it. This behaviour is 
characteristic for this species, as an encoun-
ter species (Pisarski  and Vepsä läinen, 
1989). M. schencki also behaves more like an 
encounter species, as it is learned from the 
numerous conflicts with F. cinerea, neverthe-
less this species is generally seen as a submis-
sive one (Savolainen and Vepsä läinen, 
1988, 1989; Pisarski  and Vepsä läinen, 
1989; Savolainen et al., 1989). Wood ants 
generally have a negative effect on this species 
(Savolainen and Vepsä läinen, 1989), 
which is supported by its low presence in the 
vicinity of F. 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-
psä läinen, 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.

F. rufa has a short foraging range towards 
the open sandy area, according to the bait-
ing experiments, and comparing to F. cine-
rea and F. 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.

There is a clear difference between the 
ecological backgrounds of relations between 
F. cinerea and rival, but inferior species – 
F. fusca, T. caespitum, M. schencki, Temnotho-
rax sp. – and relations between F. cinerea and 
F. 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 F. cinerea vs. 
F. 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 F. cinerea, 
as they are open sandy areas and suboptimal 
for F. 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 Gal lé , 1991; Gal lé  et al., 1994).

Three direct interferences were observed 
between the two species:

1) Two interspecific conflicts were won 
by F. cinerea near baits around its colonies. As 
it was observed by Mabel is  (2003), F. rufa 
workers avoided conflicts with L. fuliginosus 
on its territory. Hence it can be hypothesized 
that the aggressiveness of F. cinerea (defend-
ing a food source) could have interfered with 
the predisposition of F. 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 F. exsecta.

2) The raid of FR-3* on a small F. 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 F. 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 
40oC), which require special foraging strategy 
adaptations (Fernández-Escudero and 
Tinaut, 1998), thus FR-3* could not resist.

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

The strange semi-territorial behaviour 
of F. cinerea is once again confirmed (e.g. 
Markó 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 
(C erda et al., 2002; Di l l ier  and Wehner, 
2004). The shape of such system is continu-
ously changing in F. cinerea due to specific 
constraints (see Czechowski  and Rot-
kiewicz , 1997; Markó 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 (Höl ldobler  and Wilson, 1990), as it 
probably happens in F. 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 (F. 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 
F. rufa and F. polyctena, which would not co-

exist otherwise in a homogeneous environ-
ment (Mabel is , 1994), and also differences 
(though greater) in habitat and climatic 
preferences let F. cinerea and F. 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 F. rufa will become prob-
ably stronger on the area currently domi-
nated by F. cinerea. Consequently it would be 
worth studying long-term changes occurring 
in the behaviour of these species towards 
each other, and mostly that of F. cinerea as 
a plastic species towards F. 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 F. rufa obviously raises 
the question, whether the inferior F. cinerea 
displays any behavioural adaptations. The aim 
of the present paper is to outline competitive 
interrelations between F. cinerea and F. 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 Tvär-
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 F. cinerea colonies in-
habited the centre of this area, and they were 
surrounded by a ring of F. 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 F. cinerea searching area and separate 
territories of particular F. rufa colonies were 
distinguished (Fig. 6). 

Two observation levels were separated 
for the study of interspecific interferences in 
F. cinerea: 1) possibility of interferences in the 
vicinity of F. 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 F. rufa colonies was ex-
pected to cause lower forager density of F. 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 F. cinerea foragers’ activity (Ta-
ble 1). Each bait was discovered by F. cinerea 
(Table 2), but recruitment occurred mostly 
to the baits close to colony borders. F. 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 F. cinerea 
colonies, than on distant baits. F. 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 F. cinerea, but M. schencki succeed-
ed in driving away F. cinerea foragers a few 
times (Table 3). Two direct interactions were 

observed between F. rufa and F. cinerea near 
a bait, and both conflicts were won by F. ci-
nerea. 

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

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

The strange semi-territorial behaviour 
of F. cinerea is once again confirmed (e.g. 
Markó 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 
F. cinerea and rival, but inferior species – 
F. fusca, T. caespitum, M. schencki, Temno-
thorax sp. – and relations between F. cinerea 
and F. rufa. The relations between F. 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 F. cinerea vs. F. 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 F. cinerea, as they are 
open sandy areas and suboptimal for F. rufa. 
Three direct interferences were observed 
between the two species with different out-
come: 1) two conflicts won by F. cinerea; 
2) the destruction of a small F. cinerea colo-
ny by F. rufa; and 3) the existence of guard-
ed border between the searching area of 
F. cinerea an the territory of a F. 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 
(F. 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 F. rufa will become probably 
stronger on the area currently dominated by 
F. cinerea. Consequently it would be worth 
studying long-term changes occurring in 
the behaviour of these species towards each 
other.
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