
Introduction

According to many studies, the regular (or overdis-

persed) spacing pattern is a characteristic feature of ant nest

distribution (Hölldobler 1976, Bernstein and Gobbel 1979,

Levings and Traniello 1981, Levings and Franks 1982, Ryti

and Case 1984, 1986, Cushman et al. 1988, Schooley and

Wiens 2003, Vasconcellos et al. 2004), and is usually inter-

preted as the outcome of intra- and/or interspecific competi-

tion, because these processes are known to be important in

structuring and organizing ant communities (Vepsäläinen

and Pisarski 1982, Savolainen and Vepsäläinen 1988, 1989,

Hölldobler and Wilson 1990). The regular spatial arrange-

ment of nests can reduce the overlap of foraging areas and

territories, thereby minimizing the potential for direct com-

petition, especially if nest density is high (Bernstein and

Gobbel 1979, Levings and Franks 1982, Cushman et al.

1988). Processes that lead to this pattern are (1) the killing or

ejecting foundress queens which enter the foraging area of an

established conspecific and/or heterospecific colony; (2) the

destruction or expelling of small or recently established colo-

nies by long-established ones of the same and/or different

species; (3) the depletion of resources by neighbouring colo-

nies, which increases the mortality of the incipient ones; and

(4) the movement of colonies away from nests of conspeci-

fics and/or other species (Hölldobler 1976, Levings and Tra-

niello 1981, Levings and Franks 1982, Hölldobler and Wil-

son 1990, Ryti and Case 1986, 1992, Franks et al. 2007).

Whether the nearest intra- or interspecific inter-nest dis-

tances are greater, is often used to estimate the relative

strength of intra- and interspecific interactions within a given

community (Ryti and Case 1984, Soares and Schoereder

2001). If intraspecific competition is more intense, the near-

est intraspecific inter-nest distances are expected to be

greater than the nearest interspecific inter-nest distances.

According to the conceptual model of Levings and Tra-

niello (1981), the predicted spatial arrangements in a multi-

species collection will depend upon the ecological attributes

of individual species, especially the relative strength of intra-

and interspecific interactions. If a number of species with

identical requirements and foraging radii occur in a given

habitat, the intra- and interspecific interactions will be

equally strong, and in this case (1) the entire nest array will

exhibit a regular spatial arrangement; (2) the nests of individ-

ual species will be more randomly distributed than the total

array; (3) the identity of nearest neighbours will be equally

likely to be that of conspecifics or heterospecifics; (4) there

will be a high variance in intraspecific inter-nest distances,

but low variance in interspecific inter-nest distances. On the

other hand, if species have the same foraging radii, but their

requirements do not fully overlap, then intraspecific interac-

tions will be more intense than interspecific interactions, and

in this case (1) the dispersion pattern of the entire nest array

and of nests of individual species will also be regular; (2) the

nearest neighbours will tend to be nests of other species; (3)

there will be high variance both in intra- and interspecific in-

ter-nest distances.

Apart from intra- and interspecific interactions, other

factors could influence the forming of nest spacing pattern,

such as colony size (Ryti and Case 1986, Cushman et al.

1988), nest density (Waloff and Blackith 1962, Gallé 1975,
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1980, Cushman et al. 1988, Ryti 1991, Ryti and Case 1992),

foraging type (Hölldobler 1976, Warburg and Steinberger

1997) and particular habitat variables, e.g., exposure, mois-

ture, insolation, soil texture, vegetation, edge effect, etc.

(Waloff and Blackith 1962, Sudd et al. 1977, Bernstein and

Gobbel 1979, Doncaster 1981, Dugas 2001). According to

the simulation model by Ryti and Case (1992), nest spacing

is strongly affected not only by the relative strength of intra-

and interspecific interactions, but also by colony birth and

death rates. So, regularity in spatial arrangement is mostly the

result of the increased mortality of incipient colonies in the

neighbourhood of long-established colonies rather than di-

rect competition among adult colonies.

While regular spatial arrangement appears to be very

widespread, other nest spacing patterns have also been noted.

Aggregated (or underdispersed) distributions have been de-

tected both intra- and interspecifically for some ant commu-

nities (Elmes 1974, Sudd et al. 1977, Doncaster 1981, Ryti

and Case 1984, 1986, Herbers 1989, 1994, Gallé et al. 1994,

Dugas, 2001, Soares and Schoereder 2001, Albuquerque et

al. 2005). The aggregation of nests may be the result of (1)

habitat heterogeneity; (2) the fragmenting of a single colony

into a number of conspecific nests; (3) various types of inter-

specific interactions (e.g., predation, mutualism or social

parasitism); and (4) intense intraspecific competition, which

forces the colonies further away from conspecifics into the

vicinity of heterospecific nests. Random dispersion patterns

may also be characteristic in some cases (Elmes 1974, War-

burg and Steinberger 1997, Soares and Schoereder 2001).

Random distribution postulates weak interactions both

among species, and between species and their environment.

This kind of spacing pattern, however, could be typical if nest

density is low due to particular habitat variables (Waloff and

Blackith 1962, Cushman et al. 1988). Although competition

is the most likely process producing regular spatial arrange-

ment of ant nests, it can also create other types of spacing

patterns (Ryti and Case 1992, Adams and Tschinkel 1995).

In this study, the density and spatial pattern of ant nests

were analysed in two sub-Mediterranean habitats in an at-

tempt to determine if the observed spatial arrangement is in

line with the prediction that nest spacing is regular as the re-

sult of intra- and/or interspecific interactions.

Materials and methods

The study was carried out in the summer of 2007 and

2008 in two habitats of the Balaton Uplands in Hungary, in

the karst bush-forest of Péter Hill in Balatonfüred (latitude N

46° 58’ 33.46’’; longitude E 17° 53’ 35.90’’) and in the pine

forest of Mogyorós Hill in Litér (latitude N 47° 05’ 47.09’’;

longitude E 18° 01’ 31.67’’). Balaton Uplands is a region of

Bakony Mountains in mid-western Hungary north of Lake

Balaton. Its climate is warm and dry with a sub-Mediterra-

nean character. The mean annual temperature is 10-15
�
C and

the annual precipitation is about 650-700 mm. Péter Hill,

which is located north of the town of Balatonfüred, is com-

posed of dolomite and partly of different types of limestones.

Its top and the northern slope are covered mostly by closed

downy oak (Quercus pubescens) forests, while the southern

slope by karst bush-forest and xerotherm swards. Mogyorós

Hill is located in the north-eastern region of the Balaton Up-

lands near the town of Litér. It is a dolomite hill with particu-

lar plant communities (dolomite grasslands, rock steppes,

karst bush-forests and acidophilous oak forests). Although

no indigenous pine species live in this area, stands of black

pine (Pinus nigra), mixed with some deciduous tree species,

e.g., manna ash (Fraxinus ornus), occupy a large part of it.

These were planted for landscape protection and wood pro-

duction in the 1950s and 1970s (Tamás 2003).

Ant nests were mapped in two 10 m by 10 m rectangular

sampling plots in both habitats using a tape measure and 1 m

by 1 m quadrats, and a map representing locations of nests

was then compiled for each plot. The leaf-litter and the top

few cm’s of soil surface were surveyed extensively with a

trowel and by hand. All the other potential nesting sites, e.g.,

fallen sticks, branches and fruits were also examined and re-

corded. Sample individuals were collected and conserved in

70% ethyl alcohol, and they were identified later in the labo-

ratory using Seifert’s (1996) and Czechowski et al.’s (2002)

methods. During the evaluation of data, I took only those

nests into consideration which were found in the forest-floor

(in the forest litter, soil, under stones or inside fallen sticks or

branches) and were sufficiently well established. Thus, I ig-

nored the nests of arboreal ant species (e.g., the nests of

Liometopum microcephalum and Crematogaster schmidti in

Balatonfüred) and those in which I only found workerless

queens apparently in the process of colony founding.

Analysis of each plot included both the nests of individ-

ual species and all the nests disregarding species identity. In

the case of individual species, only those were taken into con-

sideration which were the most common and were nesting in

the greatest number, since only these provided enough data

for analysis. The spacing pattern of nests was evaluated using

Clark and Evans’ (1954) nearest neighbour method.

The nearest neighbour method is based on the ratio of the

observed mean nearest neighbour distance and the expected

nearest neighbour distance under the assumption of random

distribution. The value of Clark and Evans’ index (R) can

range from 0 (maximum aggregation) to 2.1491 (maximum

evenness), and R = 1 indicates a random dispersion pattern.

The statistical significance of R was tested using t-test. Since

in the course of nest mapping I also checked the boundary

areas of plots to surely find all the nearest neighbours for

each nest even if they were outside the plots (not shown in

Fig. 1), I did not apply an additional correction method to

correct for edge effects.

To determine whether the nearest neighbours of individ-

ual nests tend to be one of the conspecifics or heterospecifics,

I also compared the mean size of nearest intra- and interspe-

cific inter-nest distances. These data were tested by Wil-

coxon signed rank test and represented using box plot charts.

This comparison was also carried out both for individual spe-

cies which were frequent enough to allow this test, and for

52 Lõrinczi



the entire community (i.e., for all the nests found in the sam-

pling plots).

Analyses were performed using Microsoft Excel 2003

(Microsoft Corporation, Redmond, WA, USA), R (version

2.11.0) and SPSS package (version 11.5) for Windows

(SPSS Inc., Chicago, IL, USA).

Results

In the course of the field work a total of 131 nests of 9

species in Balatonfüred, and 94 nests of 12 species in Litér

were found (Fig. 1, Table 1). Three of the 15 detected spe-

cies, Aphaenogaster subterranea, Lasius emarginatus and

Temnothorax crassispinus occurred in every plot in both

habitats. In Balatonfüred, the nests of A. subterranea, L.

emarginatus and Prenolepis nitens were in the highest den-

sity, which altogether came to 92% of all nests (A. subterra-

nea 43%, L. emarginatus 26%, P. nitens 23%) (Table 1). In

Litér, beside A. subterranea and L. emarginatus, the nests of

T. crassispinus were the most common, the three species here

came to 69% of all nests (A. subterranea 28%; T. cras-

sispinus 23%, L. emarginatus 18%).

In the plots of Balatonfüred, most of the nests were found

in the leaf-litter and upper layer of soil (67%), or under stones

(30%) (Table 2). There were no significant differences in the

types of nest sites used among species here (Kruskal-Wallis

test, p=0.81). In Litér, the litter and soil nests were also the

most frequent (63%), whereas the proportion of nests under

stones was lower (19%), similarly to nests inside fallen sticks

and braches (16%). Nest site use did not differ significantly

among species in this habitat either (Kruskal-Wallis test,

p=0.28).

According to the nearest neighbour method, the intraspe-

cific dispersion of ant nests proved to be random or aggre-

gated, only the nests of A. subterranea in Balatonfüred II plot

showed a regular spacing pattern (Table 3). The nests were

strongly aggregated when the species identity of the nearest

neighbour was disregarded during the analysis, i.e., the data

included both conspecific and heterospecific pairs (Table 4).

The dispersion pattern of all the nests was random in three of

the four plots, while the nests in Litér II plot showed a regular

distribution.

There were significant differences between the majority

of the nearest intra- and interspecific inter-nest distances

(Figs 2-3). In Balatonfüred the nearest interspecific neigh-

bour distances of the nests of A. subterranea and P. nitens

were significantly shorter in comparison to the nearest intra-

specific neighbour distances (Wilcoxon signed rank test,

p<0.001 and p<0.001, respectively), while in the case of L.

emarginatus the nearest intraspecific neighbour distances

proved to be significantly shorter (p<0.05). The nearest het-

erospecific neighbours in the case of A. subterranea were the
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nests of P. nitens (59%), the nests of L. emarginatus (25%)

and the nests of other miscellaneous species (16%), while in

the case of P. nitens the nearest heterospecific neighbours

were predominantly the nests of A. subterranea (83%), and

the nests of other species represented only 17%. The associa-

tion between the nests of A. subterranea and P. nitens was

significant in Balatonfüred II plot (χ�= 13.88, p<0.001). In

Litér, the nearest interspecific neighbour distances of the

nests of A. subterranea were also significantly shorter (Wil-

coxon signed rank test, p<0.001), but in the case of the nests

of L. emarginatus and T. crassispinus there were no signifi-

cant differences between the nearest intra- and interspecific

neighbour distances (p=0.54 and p=0.34, respectively). The

nearest heterospecific neighbours in the case of A. subterra-

nea were the nests of T. crassispinus (45%), the nests of L.

emarginatus (20%), the nests of Lasius umbratus (10%), the

nests of Formica fusca (10%) and the nests of other miscel-

laneous species (15%). In the case of the entire community,

the nearest interspecific neighbour distances proved to be

significantly shorter in both habitats (Wilcoxon signed rank

test, Balatonfüred: p<0.01; Litér: p<0.001).

Discussion

Regular spatial arrangement is one of the most frequently

reported spacing patterns of ant nests presumed or shown to

be caused by competition for mutually preferred resources

(mostly for food and/or for nesting place) (Hölldobler 1976,

Bernstein and Gobbel 1979, Levings and Traniello 1981,

Levings and Franks 1982, Ryti and Case 1984, 1986, Cush-

man and et al. 1988, Schooley and Wiens 2003, Vasconcellos

et al. 2004). In this study, the frequent occurrence of aggre-

gated and random spacing patterns indicates that negative in-

teractions among species may be weak or that they have an

effect only on a small part of the community. This suggests

that interspecific competition may play a less significant role

in the formation of nest spacing pattern in these habitats. The

insignificance of interspecific competition is supported also

by the fact that in most cases the nearest interspecific neigh-

bour distances were significantly shorter than the nearest in-

traspecific neighbour distances (except for L. emarginatus),

although if individual species tolerated less the vicinity of

heterospecific nests, their nests would be closer to those of

conspecifics. The fact that the nearest intraspecific neighbour
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distances proved to be greater, and heterospecific nests alto-

gether tended to be aggregated, may well indicate that intras-

pecific competition is more intense in these communities,

and individual species are trying to avoid the proximity of

conspecific nests, however, it is worth noting that none of

them exhibited regular intraspecific dispersion pattern with

the exception of one single case.

The possible reason of aggregated intraspecific distribu-

tion or tending toward such pattern may be the local environ-

mental heterogeneity, i.e., the patchy distribution of suitable

nesting sites. This is well exemplified by the case of T. cras-

sispinus in Litér, where the majority of its nests were found

in fallen sticks and branches, so nest aggregation (or ten-

dency to be aggregated) here may simply reflect an aggrega-

tion of these specific nesting sites. The intraspecific aggrega-

tion of the nests of L. emarginatus, however, could be

explained in a different way. Since temporary stations or sat-

ellite nests (subnests) were typical in the case of L. emargi-

natus in both habitats, the aggregation (or tendency to it) of

its nests may be the result of polydomy, i.e., the aggregates

appear not in the level of population, but in the level of nest-

groups of a single colony. This kind of feature is a peculiarity

of other Lasius species as well (Traniello and Levings 1986,

Herbers 1989, Gallé et al. 1994) and seems to be proven by

the fact that in the case of this species the nearest intraspecific

neighbour distances proved to be shorter than the nearest in-

terspecific neighbour distances, or there were no significant

differences between them.

An interesting example of interspecific aggregation was

seen in Balatonfüred, where the nests of P. nitens were posi-

tively associated with the nests of A. subterranea, especially

in Balatonfüred II plot. This kind of joint dispersion pattern

of ant species pairs may result from interactions like preda-

tion or scavenging on dead or moribund workers of the other

species (Cole et al. 2001), various forms of mutualism or so-

cial parasitism, e.g., cleptobiosis, xenobiosis etc. (Hölldobler

and Wilson 1990) or intense intraspecific competition, which

forces colonies into the vicinity of heterospecific nests (Ryti

and Case 1984). Since the nests of P. nitens showed a signifi-

cant intraspecific aggregation, or tended toward aggregation,

the influence of intraspecific competition to the nest spacing

pattern of this species may be insignificant. On the other

hand, not much is known about the habits of this species,

therefore neither predation, nor social parasitism (e.g., clep-

tobiosis) can be fully discarded. According to the literature,

however, none of these seems to be plausible: the food of P.

nitens consists mainly of liquids (honey-dew, secretions of

floral and extrafloral nectaries, juice of fruits etc.) and its col-

ony founding is independent (Bregant 1998, Vörös and Gallé

2002, Seifert 2007). Nevertheless, Röszler (1937) found that

foundress queens can be adopted into established colonies of

conspecifics, moreover, having studied a mixed nest of P. ni-

tens and L. emarginatus he deduced temporary social para-

sitism. It is also possible that this kind of interaction between

the nests of P. nitens and A. subterranea is only a casual as-

sociation (e.g., a kind of plesiobiosis), not a general phe-

nomenon.

The conclusion is that in case of the ant communities ex-

amined here neither intra-, nor interspecific competition ap-

pears to be a primary control of spacing pattern of ant nests.

One of the possible reasons may be that resources (food

and/or nesting sites) in these habitats are not limiting factors,

thus, competitive interactions might remain weak and/or af-

fect only a little part of the community. Another possible rea-

son may be periodic nest relocation, which is reported not

only in the case of desert or tropical ants (Gordon 1992,

Brown 1999, McGlynn et al. 2004), but also of ants living in

the temperate zone (Smallwood and Culver 1979, Small-

wood 1982, Herbers 1989). It is possible that the relocation

of nests from time to time (thereby alterations in spacing pat-

tern) and modification in neighbouring species composition

delay the process of exclusions by dominant species, thus

preventing the development of stable competitive relations

inside the community. Further studies are needed, however,

to support this assumption. Nevertheless, it is necessary to

emphasize that making inferences merely from spacing pat-

terns about inner processes of a community may be difficult,

considering that competition can produce any spacing pat-

tern from regular to aggregated arrangements (Ryti and Case

1992, Adams and Tschinkel 1995). Thus, while the regular

dispersion pattern of nests could indicate the importance of

competition, the lack of regularity does not necessarily mean

that competition is a less important organising force in the

community.
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