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Abstract. The species composition, diversity, populaticeriactions and external correlates of ant
assemblages are described in different successplotd of a sand-dune area in the Kampinos
National Park, Poland. The pooled mean populatiensiies were in the range of 0.018-0.37
colonies/m and increased toward the last successional pfiasespecies diversity also increased,
but there was a diversity decline in the last phpegbably as a consequence of the presence of red
wood ant species, which are dominant in the interfee competition. The range of a particular
species' distribution in different ant assemblageharacterized with its position and breadtthm t
corresponding PCA factor space. The species nusfp@inst position histogram is bimodal and
differentiates the species of early successiors#rablages from that of the mature, well organized
communities.

The composition of the ant assemblages was fouritetoorrelated with some structural habitat
properties (architecture of vegetation, the nundret condition of dead twigs on the soil surface,
temperature) and the composition of epigeic faunathe competitive network of the early
successional ant communiti€rmica cinereaandMyrmica rugulosehave the same rank and both
species are subordinated Rormica truncorum The interference interspecific competition has an
increasing significance towards the advanced ssmes stages.
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Introduction nisms described in those papers are general proper-
ties of ant community succession.

The possibilities of the generalization of the  This paper reports a part of a series of
results obtained in particular habitats or regians comparative studies on the succession of ant commu-
among the main conceptual and methodologicalities in sand-dune areas along a geographical
problems of community ecology. A possible toolgradient from Finland to Turkey (for the first résu
towards the generalization is the comparison of ansee Gallé 1990a, 1990b, 1991, 1992, Jamtaal.
mal assemblages at different regions to reveal tH®93). The aim of this paper is to describe thecstr
similarities and dissimilarities both in their coagit- ture of ant assemblages in successional duneiplots
ion and in the structuring mechanisms (as illusteat Kampinos National Park (Poland). The main
examples on ants, see Andersen 1986a, 198Ghjestions addressed are as follows: (1) What is the
1992a, Morton and Davidson 1988, Herbers 1989). composition of the ant faunulas in different

Most of the papers, however, that have beesuccessional plots? (2) Is there any genetic oglati
published on ant community succession (e.detween the ant assemblages of the studied succes-
Boomsma and Van Loon 1982, Gallé 1981, 199Kjonal plots? (3) Are there differences in spatial
Jardaret al. 1993, Szujecket al. 1978, Vepsalainen patterns of ant populations and assemblages in
and Pisarski 1982, Zorrillat al. 1986) concern only different successional stages? (4) Is there amdtre
particular areas or even habitats. Therefore, fitois in the ant species diversity along a successional
really known, whether the phenomena and mechgradient? (5) Which external factors are correlated
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with the distribution of ants among habitats inwere employed to compute similarities of different
different successional phases? (6) What is theteffeassemblages, whepg is the relative frequency §th

of interspecific competition on the process ofpecies inthe assemblaige

organization of ant communities in early stages of Markov chain models are widely used to study

succession? the successional relationships of the differengeda
of ecological systems (Horn 1975, 1976). In the
Materials and methods present study, we computed the transitional prebabi

lities between the ant assemblages of the sample

The field studies were carried out in theplots from their similarity matrix. The Markovian
Kampinos National Park, near Warsaw (Poland). Fqroperties of the assemblage sequences were inves-
detailed ant community surveys, we selected ninigated with a chi-square test of the estimate2bit
plots that presumably represented different stafles (Usher 1979, 1987).
vegetation succession. One of them (plot 1) was a The PCA ordination of the individual sampling
bare sand, almost without vegetation; plots 2 and uhits on the basis of their ants yielded informaim
represented initial steps of vegetation successiothe position and overlap of ant assemblages of the
with mosses, lichens, some pines and very poor hesampled habitats plots. The range of the assentlage
layer. The vegetation cover was less than 40%sPladbccupied by a species, called breadth hereafter and
4 and 5 were grasslands; plot 6 was a shrubbyrsitethe position of a particular species in the PCAcspa
a transitional habitat between a grassland anche piwere computed with similar basic concepts as were
forest; plot 7 was a young pine plantation, whigh wemployed by MacNally and Doolan (1986). gtis
expected to belong to the transitional successiondle amount of variance explained by the ith factor
stage between grassland and forest; and the taad X ands; are the mean and standard deviation of
remaining plots were pine forests with (plot 9) andample units which are occupied by the species in
without (plot 8) a high density of red wood antquestion, then the breadtB)(and the positionR)
population. For detailed characterization of thedgt are defined by these equations:
plots a set of 90 habitat scores were used, in six

groups (Table 1). _ 2

The density and distribution of ant nests were B :M and
estimated via grids of quadrates of 16 or Z5sine. Zi Wi
The ground was dug to a depth of 20 cm to find all
ant nests in those plots which were covered byalens ny. 2
vegetation. Altogether an area of 1035 mas P= LW'Z)Q}
sampled in this way. The position of nests and nest Zi Wi

entrances were mapped for further analysis. Spatial
distribution of nest entrances, calices and nestew Species diversity was computed by the means of
studied with the distance to nearest neighbor niethdoth Shannon-Wiener (Shannon and Weaver 1949)
(Clark and Evans 1954) and with grid-pattern anaknd Simpson-Yule (Pielou 1975) indices. The former
ysis of mapped colonies by increasing the size o¥as used to characterize the diversities of differe
sample units (Greig-Smith 1983, Kérmdczi 1987). successional ant assemblages, and the latter to com
Ordination techniques are useful tools in succepute correlation between the different diversities.
sional studies (cf. Howard and Robinson 1995plants and ants, vegetation architecture and etaty,
Therefore, the state of each sampled ant assemblage From among the habitat properties (Table 1), for
in an assumed successional sere was establishedtiiy analysis of vegetation architecture and compo-
PCA ordination and similarity analysis. Renkonen'sition, the coverage values were assessed in gfids

percentage similarity function, 5x5 m cells by eye at different heights and ex@ess
) as percentages. The average number of dead twigs on
CRn = 10(21. m|n( pij , phj) the ground was estimated in 50x50 cm quadrates; the

size and condition of twigs were also noted. Adfet

C PRI, ten such quadrates were taken at each site.
and an asymmetric index of similarity formally the Soil water content was measured at depths of 5

same as Levins' function and 10 cm. The physical composition of the soil was
characterized by hygroscopic values (Balleneger

Z. p. g]. :
= 0 J Mij nj 1953). Soil temperature was measured at a defh of
CLin=10 _ p_2_ cm and that of the air at 40 cm and 200 cm aboe th
I Hij

ground surface. All temperature measurements were
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Table 1. Attributes for characterization of studgte

Group Attributes No of categories

1. Vegetation architecture 1.1. Whole vegetatioreco 1

1.2. Cover of mosses and lichens 4

1.3. Cover of plant debris 3

1.4. Plant cover at 5-15, 15-30.... cm levels 4
2. Vegetation composition 2.1. Relative frequentyredominating plant species 33
3. Size of the plot 1
4. Dead twigs on the ground surface 4.1. Densiyeafd branches of various sizes and conditions 14
5. Soil and microclimate 5.1. Temperature of sni af air above soil surface as a 2

difference from air temperature at 2 m height

5.2. S.d. of 5.1. 2

5.3. Soil humidity at two depths 2

5.4. Soil hygroscopic value 2
6. Epigeic fauna 6.1. Density of various animalugp® collected in pitfall traps 22

carried out ten times simultaneously in all ningdgt 285 bait recordings were made and ants were
plots on cloudless days. observed on baits in 180 cases. These bait
Pitfall trap method was employed to establish thexperiments yielded evaluable data sets for the
composition of ground surface fauna. Fifteen trapsteraction of theFormica truncorumF. - Formica
were used in each habitat plot for a week. Coltkctecinerea Mayr and F. cinerea- Myrmica rugulosa
materials were preserved in ethanol (70 %) andyl. species pairs. In a previous study (Gallé 3991
sorted at taxonomic group levels (altogether 22)ax similar data were obtained ofr. cinerea F.
External factors that presumably affect thesanguinealatr. and Lasius psammophiluSeifert.
habitat selection and assemblage composition af ard#pecies. In this way we have information on most
were identified with principal component analysispossible relevant interactions of ant species @n th
Study plots were ordinated in six different factorearly sand-dune successional stages in North Europe
spaces on the basis of the following attribute geou and the northern part of Middle Europe.
vegetation architecture, floral composition, number
and condition of twigs on the soil surfaceResults
microclimate and soil properties, composition of
epigeic fauna, and composition of ant assemblagedest densities and species composition
The relative position of points representing habita
plots in the PCA spaces were measured with Altogether 22 ant species were collected from
multidimensional Euclidean distances (Pielou 1984}he 9 habitat plots (Table 2). The pooled populatio
weighted by the variance of PCA axes. We thedensities varied between 0.018 and 0.37 nedts/m
computed the similarities of the different PCA sgmc The lowest densities were found in plot 1, whickd ha
on the basis of the relative position of pointsa bare sand surface, and the highest density data w
representing sampling plots with nonparametriobserved in plot 9, which was a pine forest with a
Spearman's rank correlation. The contribution dfigh density of foraging individuals oFormica
single habitat properties to the axes of the PCAolyctenaFoerst.
ordination factor space of ant assemblages was The PCA ordination of the sampling units
studied by simple correlation analysis. yielded the following results (Fig. 1). The antexss
Distribution and co-occurrence data are noblages of the open habitats (plots 2, 3, 4 andnfl) a
always reliable for the detection of interspecifichat of the forests (plots 8 and 9) are segregated
competition. Both Alatal@t al. (1986) and Hastings along the first PCA axis. The central position ttp
(1987) suggested that field experiments (reviewed o 1 is explained by the fact that since it was an
Connell 1983, Schoener 1983 and Gurevitch 1992)most bare sand surface, its ant fauna mainly con-
should be carried out to establish the presence asidted of individuals occurring accidentally withou
importance of competition. The direct competitivenest. The only nesting species wassius psammo-
interactions between different species were thegefophilus. This poor, single species ant assemblage
studied in bait experiments. We used honey arntbuld be a starting point of ant community assembly
tinned meat to bait ants. Baits were put on smaith both open and forest habitats. The transitional
leaves which were fixed on the soil with small (cgosition of plot 6 is in accordance with its vedieta
4x4 cm) pieces of paper sheets and pines. Altogethmentioned above. The ant assemblage of the young
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Table 2. Density of ant colonies/100 sq m in déferstudy plots. + only workers or * females weptected by hand or in pitfall traps

Species Plot number

1 2 3 4 5 6 7 8 9
Myrmica laevinodisNyl. + *
Myrmica ruginodisNyl. + + + + 9.4 + 3.1 15.6
Myrmica rugulosaNyl. + 2.9 + + 1.6 + 1.6
Myrmica sabuletMein. + +
Myrmica lobicornisNyl. * + + + + 1.6
Myrmica schenckiEm. + + + + 1.6
Leptothorax acervorur(F.) 4.7 1.0 1.6 4.7
Leptothorax muscorurgNyl.) 0.9 + 9.4 *
Leptothorax nylanderfFoerst.) 3.1 14.1
Diplorhoptrum fugaxLatr.) + 4.8 + + + 4.0 +
Tetramorium caespiturl.) + + 1.7 4.5 + 5.0 +
Stenamma westwoodestw. + *
Lasius fuliginosugLatr.) *
Lasius niger(L.) 3.3 1.1 +
Lasius alienugFoerst.) 1.8 3.0 1.9 + 1.1
Formica fuscal.. 33 6.3 + 4.7 1.6
Formica rufibarbisF. + +
Formica cinereavlayr 6.0 13.3 + + + 13.0
Formica rufalL. + +
Formica polyctendroerst. 0.01
Formica truncorumnf. +
Formica pratensifRetz. + + + +
Total 1.8 9.0 23.8 8.3 6.7 33.0 23.0 14.1 37|6

pine plantation (plot 7) differs from the olderjual (e.g. Tetramorium caespituni., Formica cinerea
forests and situated among the open habitats in tBeplorhoptrum fugaxLatr., Lasius psammophilis
PCA scattergram. The second axis is responsible for belong to the transitional assemblages (e.g.
the differentiation of grassland ant assemblagae® fr Myrmica lobicornis Nyl., Myrmica rugulosa and
that of other open habitats (Fig. 1). only two species of the third column are the member
of "mature", competitively organized ant
communities (i.e. Formica pratensis Retz. and

Formica fuscal.) as a rule, but in Kampinos they
occupy early successional habitats, too. The nfost o
L4+ % §
Fig. 1. Scattergram of the pitfall trap sample sirof different 3 8 3 8 3 8 &
plots along the two principal axes of PCA factoaap on the S < i o o o 2
basis of the species composition of their ant ctiba. e g § § § o Position

Fig. 2. Number of species plotted against n-dinmrai position
No significant correlation was observed betweesee text)

the position P) and the breadttB] values of the ant
species (Spearman rank correlation-0.36,n = 21, the species having high P values and hence more
p>0.05). The species number against P histogram g¥treme position in the PCA scattergram (last two
bimodal (Fig. 2). The species which have lowefolumns in Fig. 2) are the members of mature
position values are usually early successionalispecgrassland or forest ant communities (eMyrmica
22 TISCIA 31



Table 3. Factors correlated with PCA axes of orilimeof ant communities. |r| = absolute value a#fioient of correlation, p = level of
significance

Factors axis Ir| p
Total plant cover | 0.69 <0.05
Dead dicotyledon cover | 0.75 <0.02
Dead monocotyledon cover I 0.89 <0.01
Dead pine needle cover I 0.65 <0.05
Plant cover at 5-15 cm level above soil surface 11l 0.67 <0.05
Plant cover at 15-30 cm level | 0.77 <0.02
Plant cover at 30-50 cm level 11l 0.79 <0.02
Dead twigs of different sizes | 0.74-0.96 <0.05-<0.01
Dead twigs of different conditions | 0.62-0.84 <0.1-<0.01
One condition class of twigs I 0.67 <0.05
Soil temperature | 0.65 <0.06
Temperature in herb layer | 0.64 <0.07
Four different plant species contributing markedlyerb layer structure | 0.64-0.71 <0.1-<0.05
Different shrubs and trees I 0.77-0.89 <0.02-<0.01
Five other plant species 11l 0.61-0.71 <0.1-<0.05
Diplopoda | 0.92 <0.001
Blattodea | 0.64 <0.06
Gastropoda I 0.65 <0.07
Chilopoda I 0.86 <0.01
Heteroptera 11] 0.70 <0.05

schenckiEm., Lasius nigerL. and Formica rufibar- with three groups of habitat scores, i.e. the
bis F. or Formica rufaL., Formica polyctenglLepto- architecture of vegetation, the dead twigs on the
thorax nylanderi(Foerst.), Leptothorax acervorum ground surface and the composition of the epigeic
(F.) andStenamma westwooWestw. respectively), invertebrate fauna (Table 4). A table-wide p<0.05
where the interspecific competition has an impdrtarsignificance level is maintained if we ignore thenn
structuring effect (cf. Gallé 1986, 1992). significant values in Table 4 (sequential Bonfeiron
test, Rice 1989).
External correlates
Table 4. Rank correlation between PCA spaces tdréifit groups
The first three PCA axes of the ant assemblageshabitat scores and ant assemblages
are correlated with the cover of living and dea

plants, the components of the plant architecture, t | _SCore groups r p
properties of the dead twigs on the ground surface, Yegetation architecture 0.33 <0.05
. . Dead twigs in the ground surface 0.69 <0.041
the cover of some plant species that contribute - "
. Vegetation composition 0.23 n.s.
markedly to the structure of the herb layer, défér | seil and microclimate 0.22 n.s.
shrubs and trees and some epigeic animal groupscomposition of epigeic fauna 0.38 <0.02)

(Table 3). In addition to the figures in Table Bglst

correlation was found with soil and herb layer temSuccessional pathways and their directio-
perature, Staphylinoidea, Blattodea (axisH@stuca nality

ovina, and Gastropoda (axis II).

Although these above mentioned factors might The ant assemblages of the different habitat plots
be intercorrelated, therefore not all of them arean be arranged into a successional sequence on the
necessarily related with ant assemblages, on this babasis of the PCA ordination (Fig 3). This sequeisce
of their correlation with PCA axes, we might expecsupported by the similarity analysis: the similarit
the vegetation architecture, the dead twigs orstlile values marking the possible successional relations
surface, the physical habitat properties (microaten and pathways (continuous lines in Fig 3) or any
and soil), the vegetation composition and thsubset of them are significantly greater than the
composition of the epigeic animal assemblageseto lsorresponding remainderg-tést, p<<0.001 in all
those groups of habitat scores that affect theases). The chi-square test of the Markovity o$¢he
composition of ant assemblages in some ways. Thesgccessional seres is also significant if the p.c.
expectations agree with the results of the rangimilarity values are used (eithe€R or CL) in the
correlation analysis of the relative position afdst tally matrix (x> = 2036, p<0.001 andy® = 224,
plots in different PCA spaces in few cases only. p<0.001, respectively). IICR and CL values are
seems that ant assemblage composition is correlateaiployed as decimals, however, the test result is
TISCIA 31 23
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Fig. 3. Probable successional sequence of ant atmges sampled in different study plots. Upper nowthe blocks from left to right:
plot number and diversity of ant assemblage; lore&r. pooled density of ant colonies and R valuesiedrest neighbour analysis,
respectively

insignificant, because the function 2ldepends on Interference competition on baits
the absolute values of the elements of the tally
matrix. These absolute values are not independent o The direct interactions could be studied on three
the investigator's decision, therefore, we do ndapecies,Formica truncorum F. cinereaand Myr-
regard this technique as a powerful tool to test thmica rugulosa from the results of bait experiments.
directionality of presumed successional graphs. As it may be seen in Table 5, the baits were oe&zlipi
The value of correlation between the successby ants in the majority of observations (180
onal graphs of the ant communities and that of thebservations, >63%). The encounters of different
vegetation isr=-0.0098 (n.s.). Uncoordinated stepsspecies were recorded in 70 cases (38% of the above
between the successional sequence of the vegetat80 recordings)Formica truncorumwas the most
and that of the ant communities were likewise foundggressive species, dominating the ant community. |
in other areas (cf. Gallé 1991, Margéczi 1993, dard excluded other ant species from the baits in 270but

et al.1993). 30 cases, and it was excluded only once. No direct
interference was observed betwdermica cinerea
Diversity and Myrmica rugulosa They coexisted without

aggressive interactions on baits.

The Shannon-Wiener diversity increases towards
the mature stages of ant community succession (Hjscussion
3), but there is a decline in plot 9, representimg
last phase. This probably is a consequence of the The composition of the Kampinos dune fauna is
high density of an aggressive red wood ant speciesmilar to those found in other successional sandy
Formica polyctenaThe diversity of ant communities areas in North and Middle Europe (Boomsma and
is correlated with that of the vegetation architeet Van Loon 1982, Gallé 1980, 1986, Jardéin al.
(r=0.66, p<0.05); the vegetation compositiom=( 1993). The early successional speckesifica cine-
0.87, p<0.01); and the epigeic animal communitiegea andLasius psammophillisre the same as in the

(r=0.55,p<0.1). Tvarminne district, Finland (Gallé, 1991), and the
similarity between the two total ant faunas is 0.58
Spatial patterns The total densities of ant colonies in the Kampi-

nos study plots are rather low in comparison with

Nearest neighbor analysis indicates that thether open areas or Polish habitats (Baroni-Urbani
distribution of ant nests for all species is ofdam and Pisarski 1978, Gallé 1978, 1980, Doncaster
type in plots 3, 4, 6 and 7, which represent geakl 1981, Krzysztofiak 1985, Seifert 1986, Petal and
forest edge and young forest successional stagks afusinska 1994). In the Tvarminne dunes, Gallé
it is of regular type in the earlier and more adexh (1991) found densities between 0.018 and 0.37
phases (Fig. 3). No clear trend in the changes absts/m. These are surprisingly same as those des-
spatial patterns could be observed in the sucagasiocribed in this paper from the Kampinos dunes (also
sequence of Kampinos ant assemblages either for ®18-0.37 nest/fiy The average for the different
single species populations: tRevalues vary between study plots in Tvarminne was slightly lower (0.12
0.65 and 1.85; the majority of them lie in the ram§ nest/m), because more early successional plots with
random or regular distribution, and they are inddower densities were sampled in Tvarminne than in
pendent of both ant species and successional stageKampinos.
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An enormously high density dformica cinerea competitive hierarchy generally decreases the speci
was found in some early successional study plothversity. In the case of ants, Higashi and Yamauch
(nos. 3 and 7, and other plots in the Kampinogl979), Gallé (1981), Rosengren (1986), Andersen
National Park, not involved in this paper), where t (1992b) and Cammett al. (1996) documented the
densities of this species reached 0.13 colonfes/mole of the top species in the reduction of thecigse
and the average number of nest entrances wastlas hiiversity. At the same time, we can expect an
as 1.79/m In these sites, the large coloniesFof association between the top competitors and those
cinerea dominated the whole surface area. Such species that have different life history strategies
high density of F. cinerea was also found in Fidlanbody sizes and therefore different niches (cf.
(Gallé 1991 and unpublished). In all these caBes, Maynard Smith and Brown 1986). Such species are
cinereawas the only or absolutely predominating anteptothorax acervorunandL. nylanderj which are
species, without competitors. Under similar conditalso typical forest ants in Kampinos, but, sinoeyth
ions, a very high density dfataglyphis aenescensare very small relative to red wood ants, no
Nyl. was found in the Fuléphaza dune region, Huncompetition can be expected between them and
gary (Gallé, unpublished). The type of the colonyormica rufagroup specied.eptothoraxspecies and
pattern represented by F. cinerea is well docurdent&. polyctenaare correlated in their co-occurrence in
for somelLasiusspecies (Briaret al. 1966, Levings Kampinos habitats (r= 0.63 and 0.98 p<0.05 and
and Traniello 1981, Traniello and Levings 1986<0.001 respectively). In accordance with these
Gallé 1991, Galléet al. 1993) and it has also beenfindings, Savolainen and Vepsélainen (1988), also
stated that such colony pattern is advantageous, liescribed a close association betwé&erpolyctena
cause it reduces the loss of prey (Traniello andndLeptothoraxspp.

Levings 1986) and contributes to the effectivity of The spatial distributions of populations usually
food collection ofLasiusspecies, which forage both reflect the presence or absence of interactioreeith
on soil surface and on root aphids (Gunn andmong the units (e.g. individuals or certain groaps
Cherrett 1993). Such high density of ant nests anddividuals) of the population in question (seedBri
entrances also promotes the infiltration of thd soil965, Gallé 1978, 1980, Ryti and Case 1980, 1992,
and probably improve its quality for further Nielsen 1986, Deslippe and Savolainen 1995, Pontin
successional development (Eldridge 1994, Lobry d&997 for some examples on ants), or between
Bruyn and Conacher 1994). different populations (Shorrocks and Rosewell

The ant species diversities described in this pd988). No definite trend could be concluded in the
per are very close to the diversity figures of &mt present study from the slight differences in thatish
assemblages in Tvarminne dune area (Gallé 1993jstribution of ant nests between Kampinos hahitats
The ant diversity was zero in the first succesdionaither in the case of single populations, or whién a
stage in Tvarminne, too, and the highest diversitypecies were considered together. This is in
was likewise found in a forest without a high dégnsi contradiction with the results of the studies i th
of red wood ants (2.50 in Tvarminne and 2.19 in th&varminne district (Gallé 1991), where a slight
present study). The mean diversities of the transitendency from random towards an arranged distri-
ional stages are also very similar (1.15, 1.86226 bution was described.
in Tvarminne, and 1.12, 1.163 and 1.93 in Kampi- Besides the random spatial colony arrangements,
nos, respectively). In both cases, the diversidfeent from the low density and co-occurrence rates oh bot
communities are correlated with those of somthe soil surface and the baits, Gallé (1991) catediu
structural properties of the habitats (e.g. vegmiat that interspecific interference competition was
architecture). This is in accordance with the rissod  insignificant in the organization of ant commurstie
Withford and Gentry (1981), who also found somén the initial phases of their succession in the
relations between the structural heterogeneityhef t Tvarminne dune area. In Kampinos, we have not
habitat and the ant community diversity. studied the possibiliies of the interspecific

The decline of the diversity in the last stage ofompetition by observation of the coexistence of
the studied Kampinos successional series is prgbalfbragers on ground surface, but on the basis of low
due to the presence Bbrmica polyctenawhich is a densities we cannot expect high encounter rates and
dominant species in the competitive hierarchy. Thstrong interference competition in the early phases
top position of this species has been reported ksuccession. From the data in Table 5, it can be see
Vepsélainen and Pisarski (1982), Mabelis (1984}hat the rate of co-occurrences was low (less #tan
Savolainen and Vepsalainen (1988), Pisarski arth), even in a site selected for study of the
Vepsalainen (1989) in other areas, too. It was shownteractions of different populations, which had
by Karlson and Jackson (1981) that the existen@e ofdenser ant populations relative to other succeabkion
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Table 5. Statistics of bait experiments

Observations Species Total
F.truncorum F. cinerea M.rugulosal T.caespitum

No of observations 285
No of positive observations* 97 70 19 6 180
Without coexistence 67 33 7 3 110
Encounters withr. truncorum -- 26 2 2 30
Excluded byF. truncorum -- 25 1 1 27
Aggression byF. truncorum -- 17 1 1 19
Encounters witlF. cinerea 26 - 10 1 37
Excluded byF. cinerea 1 0 0 1
Aggression byF. cinerea 0 -- 1 0 1
Encounters wittM. rugulosa 2 10 -- 0 12
Excluded byM. rugulosa 0 0 -- 0 0
Encounters witil. caespitum 2 1 0 -- 3
Excluded byT. caespitum 0 0 0 0

habitats. It is probable that, at the beginninghef other species, but in some species pairs Fagnica
ant community succession, the habitat propertiesnerea and Lasius psammophilugn Tvarminne;
have prior effects on the composition and structdire Gallé 1991) the larger species are subordinated
the ant assemblages (cf. Savolainen and Vepsalaineecause of their avoidance behaviour on baits (see
1988). also Fellers 1987). It is also a general opinioat th

When co-occurrence was observed, théhe scarcity of resources promotes interference
following hierarchical sequence was found for threeompetition (Schoener 1982). On this basis we
species of Tvarminne antBormica sanguinedtop should expect the most intensive interference @ th
competitor) - Lasius psammophilugmiddle-rank very early successional stages (e.g. plots 1, an@,
species) -Formica cinerea(subordinate to both 5), with the lowest food supply. However, since the
former species). From the results of the bailensity of forager ant workers and their encounter
experiments carried out in this study, it is obwourates are low, in such places, the different ant
that Formica truncorumis the top competitor among populations can effect each other's success miaynly
the three species investigated in Kampinos. Beth influencing their common prey (see also Gallé 1991)
cinerea and Myrmica rugulosaare on the same, i.e. by exploitation competition.
subordinated rank. The bottom positionh§rmica The vegetation architecture, the number and
rugulosa was also shown by Czechowski (1979)condition of the dead twigs on the ground surface
who studied the mechanisms of competition betweeand the composition of the epigeic invertebratedau
Lasius nigerand M. rugulosa In the studies that are assumed to be of importance in differentiatiiveg
concern the competitive hierarchy of ant specias (e composition of ant communities in this study. The
Pisarski 1978, Czechowski 1979, DeVroey 197%ame habitat properties were found to be probably
Reznikova 1980, Vepséldinen and Pisarski 1982ffective in the Tvarminne district (Gallé 1991 |
Mabelis 1984, Haering and Fox 1987, Czechowsldand dune areas of southern regions in Hungary and
and Pisarski 1988, Andersen and Patel 1994), tAarrkey, however, under more extreme climatic
interference competition is emphasized, and in sonm®nditions, the microclimate was also correlateth wi
publications even the life history strategies of armant community composition (Jardéet al. 1993,
species are classified on the basis of their mrlaid  Gallé unpublished). Both the architecture of the
the top competitors (see Andersen 1986a). In theegetation and the number and condition of thedwig
present study, the existence of an interferenae important components of habitat complexity and
competition is obvious in the relation of red woodcheterogeneity. The influence of the vegetation
ants Formica polyctenandF. truncorun) to other architecture and/or habitat structural heteroggraeit
species. For theFormica cinerea - Myrmica the composition of ant communities is well known
rugulosa species pair, only a possibility ofand has been discussed by several authors (Culver
exploitation competition can be concluded from thd974, Room 1975, Withford and Gentry 1981,
absence of direct interactions on baits. Andersen 1983, 1986a, Majat al. 1984, Gallé

It is predicted that larger species are mor&991, Bestelmeyer and Wiens 1996). The main
successful in the interference competition (Perssaffects of the vegetation architecture are probably
1985). This prediction accords with our presenindirect through modification of thenicroclimate,
results on the relation between red wood ants anke influence on nesting sites and determination of
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the food supply (see also Andersen 1986a), buether

and arable habitats in Portugal. — Ins. St8;.37-46.

might also be direct effects, e.g. during the febit Clark, P. J. and Evans, F. C. (1954): Distance éarest

selection of fertilized females.
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