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Abstract. Pitfall trapping and nest counting are the most
common census methods for ant assemblages. We examined
the concordance between pitfall catches and nest counts on
dry grassland. Spearman rank correlations and non-metric
multidimensional scaling of the Bray Curtis similarity index
revealed moderate concordance between the data collated by
the two methods, but overall method-related differences were
considerable. The dissimilarity was influenced by the type of
land management, but not by trapping period or plot shape.
Trapping success depended on nest density, ground vegeta-
tion cover and species-specific traits (inhabited stratum, col-
ony size, foraging distance). Even when these factors were
taken into account, the convertibility of pitfall trap and nest
density values was unsatisfactory: the census method proved
to be crucial in designing ant-ecological studies and inter-
preting literature data.

Keywords: Community ecology, sampling methods, con-
cordance, rank correlation, Bray Curtis similarity index.

Introduction

In the last decades, ecological research has paid much atten-
tion to ants. Ants are important components of terrestrial
ecosystems as predators, seed distributors, and mutualists
(Holldobler and Wilson, 1990) and thus have been investi-
gated in community and interaction studies, invasion biolo-
gy, biodiversity and conservation research, and bio-indica-
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tion (e.g., Alonso and Agosti, 2000; Schultz and McGlynn,
2000; Holway et al., 2002; Dauber and Wolters, 2005).

Ant assemblages can be quantified on the scale of indi-
viduals or nests (Bestelmeyer et al., 2000). While ant nests
are often fixed in space, the cruising radius of workers can
reach 150m (Seifert, 1996). Nests of different species house
50 to several million workers which pursue a variety of epi-
gaeic or hypogaeic foraging strategies (Beckers et al., 1989).
The combination of these characters determines the ecologi-
cal impact of an ant species. Nests can be counted directly by
inspection, whereas individuals are often quantified by pitfall
trapping. The two census methods have specific advantages
and disadvantages so that the proper choice depends on the
aim of the study (reviewed by Andersen, 1997 and Bestelmey-
er et al., 2000). Setting pitfalls takes little time, the traps oper-
ate by themselves (Bestelmeyer et al., 2000), sample continu-
ously day and night (Andersen, 1997) and, as a consequence,
can better estimate ant species richness, at least in open habi-
tats (Steiner et al., 2005). Nest counts are superior whenever
a high spatial resolution is required (Johnson, 1992; Be-
stelmeyer et al., 2000; Steiner and Schlick-Steiner, 2002).
They are also better when the focus is on dispersion patterns
(Petal, 1972; Gallé, 1978; Herbers, 1985), on spatial relation-
ships among colonies (Herbers, 1994) or between colonies
and environmental factors (Crist and Wiens, 1996), or on de-
mographic processes (Ryti and Case, 1988; Dillier and Weh-
ner, 2004). Nest density values are stable over days and
weeks, and insensitive to weather fluctuations (Herbers,
1994). Nest counts are clearly more appropriate for assessing
species vulnerability because colonies better approximate the
number of reproductives than do the numbers of non-repro-
ducing workers (Crozier et al., 2005 and references therein).



Insect. Soc.  Vol. 53, 2006

Several authors have argued that pitfall catches may be se-
verely biased by the ground relief, but also by species-spe-
cific differences in locomotion and foraging behaviour, trap
avoidance, self-rescue capability, and inclination to mass re-
cruitment (Greenslade, 1973; Marsh, 1984; Seifert, 1990;
Andersen, 1997; Longino, 2000; Laeger and Schultz, 2005).
Other authors highlight the disadvantages of nest counts, es-
pecially the time-consuming field work (Andersen, 1997),
and a potential bias in favour of ants with conspicuous nests
(e.g., Andersen, 1997; Bestelmeyer et al., 2000).

A literature survey revealed 23 methods of quantifying
ant species or assemblages, with pitfall trapping (32.4 %)
and nest counting (32.1 %) ranking first in frequency (411
studies from 53 countries of all continents, published be-
tween 1961 and 2004. References available from BCS and
FMS). Moreover, as already shown in a comparison of North
America and Australia (Andersen, 1997), we found different
frequencies of the methods among the six continents. Justifi-
cations of the choice of the specific method, if offered at all,
and even if convincing, were often rigorously phrased (e.g.,
Andersen, 1997; Seifert, 1990; Miinch, 1999). We suspect
that these differences reflect scientific traditions as much as
sound considerations of the strengths and weaknesses of the
methods.

Only two field studies have directly compared ant pitfall
trapping and nest counting (Finnish islands: Pisarski et al.,
1982; Venezuelan savannas: Romero and Jaffe, 1989). One
meta-analysis has tackled this issue (Klimetzek and Pelz,
1992). Comparative studies are lacking even from structur-
ally simple habitats such as temperate grasslands.

The performance of ant sampling methods deserves fur-
ther study (cf. Bestelmeyer et al., 2000; Longino, 2000).
Applied biodiversity research and nature conservation re-
quires assessing ant species and assemblages reliably with
the minimum effort, as does the analysis of ecosystem func-
tion. Conflicting statements in the literature complicate the
design of ant-ecological investigations. Key questions in-
clude: What picture do pitfall traps and nest counts draw of
one and the same habitat? Do the results change with size
and shape of the sampling plot? And ultimately: Are data
from the literature collected with different sampling methods
comparable?

In a previous paper on the repeatability of ant pitfall trap
data we found a close correspondence between the results of
successive pitfall periods (Steiner et al., 2005). Here we con-
trast pitfall catches and nest counts in grassland with regard
to different land management, trapping periods and sampling
plot shapes. We investigate the influence of habitat and spe-
cies-specific traits on the trapping success and test the con-
vertibility of data collected with the two methods.

Material and methods
Sampling

A structurally simple habitat was selected: Central European dry grass-
land in the National Park Neusiedler See — Seewinkel, Eastern Austria
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(16°53’E/47°45°N, 120m a.s.l.). We studied the influence of land man-
agement on the performance of pitfall catches versus nest counts by
comparing three different regimes: a heavily and a lightly grazed cattle
pasture, and a mowed meadow. The sites were 1.5-3.5 km apart. Vegeta-
tion cover at the soil surface was 30 % (heavily grazed), 70 % (lightly
grazed), and 50 % (mowed). The influence of sampling plot shape was
assessed by comparing quadrat and strip plots. At each site, 4 quadrat
and 4 strip sampling plots (each 25 m?) were randomly established with-
in a 2000 m? area of homogeneous vegetation. On each plot, a thorough
search was conducted for ant nests (search for nest entrances, Seifert,
1986; no search between 12:00 and 15:00 local time to avoid peak heat
and lowest ant activities, cf. Seifert 1996); 25 pitfall traps (diameter
2cm; Majer, 1978) were set at intervals of 1m (i.e., 5 X 5 traps on the
square plots, 25 X 1 traps on the strip plots) for two trapping periods of
each 48 h (retrieval: 2 and 11 August 1999). To avoid digging-in effects
(Greenslade, 1973) the traps were kept closed for one week prior to each
trapping period (Andersen, 1991). We used ethanol-glycerol fixative,
which neither attracts nor repels ants (Greenslade and Greenslade,
1971). In a different context, the pitfall trap data have already been ana-
lysed by Steiner et al. (2005), the nest data by Schlick-Steiner et al.
(2003).

Data analysis

Ant workers were determined according to Seifert (1996). Nest density
D was expressed as number of nests per m2. We expressed pitfall trap
data of each species in terms of commonly used statistics: A, raw abun-
dance = mean individual number per trap; F, frequency = percentage of
traps of a plot containing a given species; S, scaled abundance = mean
number of individuals on a scale of 7 classes (1: 2-5; 2: 6-10; 3: 11-20;
4: 21-30; 5: 31-40; 6: 41-50; 7: >50 ind.; cf. Andersen, 1997); and W,
weighted abundance = S X F (Nash et al., 2000). In order to assess
whether patterns emerge or disappear at different spatial scales, the sta-
tistics D, A, F, S, and W were calculated by threefold successive aggre-
gations of raw data: for each plot (25 sampling units, i.e., traps or m?);
for the pooled strip and the pooled quadrat plots (100 sampling units
each); and for all plots pooled per site (200 sampling units).

To assess the concordance of pitfall and nest count data, we com-
puted Spearman rank correlations. Values of the four statistics express-
ing trap data (A, F, S, W) were compared with values of nest density D,
for each individual species and at the three spatial scales, i.e., for 25,
100, and 200 sampling units. To assess the influence of land manage-
ment, sampling period, plot shape variants, and pitfall statistics on the
concordance of data, we computed similarity matrices of the correlation
coefficients using Euclidian distances, at each of the three spatial scales.
We then performed non-parametric one-way analyses of ranked simi-
larities (ANOSIM, 999 randomisations) to test whether the pairwise
similarities of the ant assemblages within and between land manage-
ment, sampling period, plot shape, and pitfall statistic were the same.

Influences of habitat parameters, ecological traits of ant species, and
plot shape on the success in trapping different ant species were tested by
covariance analysis. Habitat parameters were nest density and vegeta-
tion cover at the soil surface. Ant species traits were inhabited stratum,
worker body length, colony size, and foraging distance (Table 1), ac-
cording to Beckers et al. (1989), Holldobler and Wilson (1990), Heinze
et al. (1996), Seifert (1996), Wardlaw and Elmes (1996), Elmes et al.
(1998), A. Buschinger (pers. comm.), and own observations. When we
suspected a parameter to exert different influences within different levels
of another parameter, a nested-design analysis was performed: colony
size within inhabited stratum, and foraging distance within vegetation
cover at soil surface. Dependent variables were A, F, S, and W; classifi-
cation variables were inhabited stratum, vegetation cover at surface lev-
el, and plot shape; covariables were foraging distance within vegetation
cover at surface level, worker body length, colony size within stratum,
and D. The influence of habitat traits and ant biology on trapping success
may help predict frequency and abundance from nest density data, i.e.,
their convertibility. The accuracy of such a prediction was evaluated
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based on the R? values of the covariance analysis, as they are equal to the
portion of total variance explained by the model. F-tests of homogeneity
of variances (Zar, 1999: p. 136) of the relative values (i.e., the portion of
the abundance of single species within the whole assemblage) of D
should determine the minimum plot size required for consistent nest
count results. These statistical analyses were done with SAS 8.2 (SAS
Institute 1999).

To consider the percentage abundances of single ant species, we cal-
culated the Bray Curtis similarity index (Bray and Curtis, 1957) for A, S,
W, and D. ANOSIM was applied to test whether the pairwise similarities
of the ant assemblages within and between plot shape, land manage-
ment, and sampling method were the same. Non-metric multidimen-
sional scaling ordination plots (MDS) visualised the Bray Curtis pair-
wise dissimilarities (Clarke and Gorley, 2001). The agreement of the two
census methods was measured by the standardised residual sum of
squares (STRESS): The lower the STRESS, the better the MDS plot
represents the original Bray Curtis dissimilarities. The degree to which
the percentage abundance values are taken into account by the Bray Cur-
tis similarity index depends on data transformation prior to calculations,
with successive transformation diminishing the degree. We conducted
preliminary Bray Curtis calculations using untransformed, square root
transformed, fourth root transformed, and presence/absence data. Based
on these preliminary tests we chose the square root transformation be-
cause it yielded the highest discriminative power with respect to visual-
ising groupings in MDS plots and significances of ANOSIM. Bray Cur-
tis dissimilarity values, ANOSIM tests, MDS plots, and STRESS values
were generated by Primer 5.2.9 (Clarke and Gorley, 2001).

Results

In our structurally simple dry grassland we retrieved 1,149 of
1,200 pitfall traps (95.8 %; trap losses due to damage by live-
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stock) which yielded 8,375 ant workers of 20 species. At the
three sites and at all scales, nest counting produced fewer
species than trapping (Table 2; 11 species from 399 nests).
All nest-recorded species were also represented in the traps.

Total individual and species numbers differed with man-
agement type: 1,821 workers/17 spp. and 218 nests/11 spp. at
the lightly grazed; 4,392 workers/14 spp. and 127 nests/7 spp.
at the heavily grazed; 2,162 workers/13 spp. and 54 nests/7
spp. at the mowed site. The influence of plot shape on species
number was insignificant for both methods: 18 spp. trapped/11
spp. nest-counted on quadrat plots, 17 spp. trapped/11 spp.
nest-counted on strip plots. Species numbers differed slightly
from 19 spp. in the first to 16 spp. in the second trapping pe-
riod. Pitfall traps yielded 20, nest-counting only 11 of a total
of 24 species (as established by the combination of several
sampling methods, Schlick-Steiner et al., 2003).

F-tests of homogeneity of variances revealed a significant
difference in the range of variances of nest density D be-
tween the 25 and the 100 unit (m? or traps) levels, but no
differences between 100 and 200 units.

The Spearman rank correlations between trap and nest
data showed a certain but low concordance and varied strong-
ly. Correlations were lowest at the heavily grazed site (Table
2). Concordance was highest between raw abundance A and
nest density D (arithmetic mean + 1 SD; rg = 0.55 + 0.22)
and lowest between frequency F and D (0.51 + 0.23).
ANOSIM showed a significant influence of land manage-
ment on the correlation coefficients: the groupings of corre-
lation coefficients were well separated (global R at the 25

Table 1. Traits of single ant species according to Beckers et al. (1989), Holldobler and Wilson (1990), Heinze et al. (1996), Seifert (1996), Wardlaw
and Elmes (1996), Elmes et al. (1998), A. Buschinger (pers. comm.), and own observations: inhabited stratum, worker body length in mm, colony size

as number of individuals per colony, and foraging distance in m.

species stratum worker body length colony size foraging distance
Formica cunicularia Latreille, 1798 epigaeic 7 1,000 20
Formica lusatica Seifert, 1997 epigaeic 8 5,000 20
Formica rufibarbis Fabricius, 1793 epigaeic 7 1,000 20
Lasius cf. balcanicus Seifert, 1988 hypogaeic 6 20,000 2
Lasius myops Forel, 1894 hypogaeic 4 5,000 2
Lasius niger (Linnaeus, 1758) epigaeic 5 10,000 10
Lasius paralienus Seifert, 1992 epigaeic 5 10,000 10
Myrmecina graminicola (Latreille, 1802) hypogaeic 5 100 2
Myrmica sabuleti Meinert, 1860 epigaeic 7 1,000 2
Myrmica salina Ruzsky, 1905 epigaeic 6 1,000 2
Myrmica scabrinodis Nylander, 1846 epigaeic 6 1,000 2
Myrmica schencki Emery, 1894 epigaeic 7 500 2
Myrmica specioides Bondroit, 1918 epigaeic 6 1,000 2
Polyergus rufescens (Latreille, 1798) epigaeic 10 1,000 100
Ponera coarctata (Latreille, 1802) hypogaeic 3 50 2
Solenopsis fugax (Latreille, 1798) hypogaeic 2 100,000 2
Tapinoma ambiguum Emery, 1925 epigaeic 4 5,000 10
Tapinoma erraticum (Latreille, 1798) epigaeic 4 5,000 10
Temnothorax crassispinus Karawajew, 1926 epigaeic 3 100 1
Tetramorium cf. caespitum (Linnaeus, 1758) epigaeic 5 10,000 10
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units level = 0.76 at P = 0.1 %, global R at the 200 unit level
=0.84 at P = 0.1 %), or separated but weakly different (glo-
bal R at the 100 unit level = 0.44 at P = 0.1 %). Groupings for
sampling period (from global R = -0.03 at P = 79.2% to
global R =0.03 at P =21.4 %), plot shape (from global R =0
at P = 37.7% to global R = 0.15 at P = 0.6 %), and pitfall
statistics (from global R = —-0.14 at P = 99.9 to global R = —
0.08 at P = 100 %) were not significant.

Plot shape and worker body length had no effect on trap-
ping success, but nest density, vegetation cover, colony size
within inhabited stratum (except for frequency F), and inhab-
ited stratum had a significant influence success (Table 3). As
indicated by the F-values of the covariance analysis, nest
density exhibited by far the greatest influence. Foraging dis-
tance within vegetation cover was only significant for fre-
quency F and scaled abundance S.

The parameter estimates of the covariance analysis re-
vealed details of the influence of the parameters: Higher nest
densities and larger colony sizes enhanced trapping success.
Epigaeic species were more easily trapped than hypogaeic
ones. Finally, the foraging distance within vegetation cover
at the soil surface positively influenced trapping success.
This effect was more pronounced when vegetation cover was
sparse.

The R? values of the covariance analysis revealed a low
accuracy in predicting nest density values from trapping-
based frequency and abundance values (taking into account
habitat traits and ant biology): R? values ranged between
0.45 and 0.66 for A, F, S, and W.

The ANOSIM tests of the Bray Curtis values revealed no
grouping within our data due to plot shape (from global R =
—0.02 at P = 54.3 % to global R = 0.06 at P = 0.8 %; Fig. 1),
and weak to medium grouping due to land management
(from global R =0.26 at P = 0.1 % to global R = 0.56 at P =
0.4 %) and sampling method (from global R = 0.41 at P =
2.4 % to global R = 0.62 at P = 1.2 %). Global R values for
sampling method were always higher than those for habitat
management (exception for raw abundance A, if calculations
were based on 100 and 200 sampling units). The more sam-
pling units were aggregated, the better MDS plots represent-
ed Bray Curtis similarity matrices (STRESS = 0.23 to 0.24
with 25 units, 0.07 to 0.09 with 200 units). In the MDS plots,
nest-based and trap-based domains slightly overlapped when
computations were based on 25 sampling units; with 100 and
200 units the separation became increasingly clear (Fig. 1).

Discussion

Apart from some concordance, pitfall catches and nest counts
revealed considerably different pictures of the same ant as-
semblages. This is reflected by different species numbers and
by moderate Spearman rank correlations between abundance
estimates and species-abundance matrices (Table 2, Fig. 1).
Nevertheless, nest density was by far the best predictor of all
ant abundance measures that were derived from pitfall sam-
ples in covariance analyses (Table 3). This dichotomy cor-
roborates the results of the meta-analysis (Klimetzek and
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Pelz, 1992) and one of the two relevant field studies (Romero
and Jaffe, 1989). In contrast, Pisarski et al. (1982) found that
the two census methods yielded similar species and abun-
dance numbers, with smaller differences between methods
than among habitats. This may be due to the very dissimilar
Finnish island habitats of that study, to the lower species
numbers, and consequently the more complete sampling.

We found that habitat as well as species traits influenced
the success of ant trapping to an extent that may explain the
incongruence of pitfall and nest count data. The influence of
vegetation cover has already been established for an Austral-
ian ant assemblage (Melbourne, 1999) and, at the species
level, for Pogonomyrmex harvester ants, which increase their
foraging distance with decreasing vegetation density (Us-
nick, 2000 and references therein). With respect to foraging
type, Seifert (1990) assumed increased catchability of mass
recruiters compared to other foraging strategists and for this
reason, among others, cast doubt on the value of pitfall trap
quantification. However, considering the low influence of
sampling period on assemblage composition of pitfall catch-
es (Steiner et al., 2005) and the strong influence of habitat
traits on the catch (this study), we argue that in the investi-
gated ecosystem the pitfall yield of any particular epigaeic
ant species is related to its ecological impact. A species with
many nests in a vegetation-poor habitat and many long-dis-
tance foraging workers will be trapped in disproportionately
high numbers; such a species also exerts a major influence on
the above-ground compartment of the ecosystem. Nest den-
sity values, on the other hand, do not necessarily reflect the
ecological impact of the species (cf. Romero and Jaffe, 1989;
Longino, 2000). Pitfall trapping can therefore produce more
meaningful ecological information on ant assemblages.
These conclusions, mainly based on covariance analysis,
merely describe a tendency; they cannot be expected to fully
apply to any single species. Nevertheless, two species from
our case study, at the level of 100 sampling units, illustrate
the statement (raw data not shown; for ant species traits see
Table 1): Formica rufibarbis had percentage nest density val-
ues of only 0.0-11.3 %, but percentage raw abundance val-
ues in the pitfall catch of 5.4-23.6 %. F. rufibarbis is an epi-
gaeic species with a foraging distance of 20m. Despite its
relatively small colony size of c. 1,000 workers, every single
nest probably has an important above-ground impact on the
ecosystem due to the ant’s strong foraging activity, which is
more adequately reflected in pitfall data. In contrast, So-
lenopsis fugax had percentage nest density values of 2.8—
21.9 %, but percentage raw abundance values in the pitfall
catch of only 0.4-6.7 %. S. fugax is a hypogaeic ant with a
foraging distance of c. 2m. Despite its huge colony size of
the order of 100,000 workers, the above-ground effect of S.
Jfugax is low (cf. Seifert, 1996), and again better expressed in
terms of pitfall data.

Parameters disregarded in our study may also influence
pitfall yields. This conclusion is based on the only moderate
proportion of total variance of pitfall data explained by co-
variance analysis based on habitat traits (including nest den-
sity D) and ant species traits (R? values of covariance analy-
sis 0.45 to 0.66). The convertibility of pitfall trap data and
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Table 2. Ant workers (ind.) from pitfall catches and ant nests from nest counts at three dry grassland sites under different land management. Data are
presented for different numbers of units (traps and m?, respectively), sampling plot shapes, and for the two trapping periods. Spearman rank correla-
tions refer to similarities between pitfall catches and nest counts. A = raw abundance, D = nest density, F = frequency, S = scaled abundance, W =
weighted abundance. In cases of replicates, arithmetic means + 1 SD are given.

management heavily grazed lightly
units 25 100 200 25
plot shape quadrat strip quadrat strip pooled quadrat strip
trapping period 1 2 1 2 1 2 1 2 1 2 1 2 1 2
replicates 4 4 4 1 1 1 1 1 1 4 4 4
pitfall catches ind. mean 1335 733 1675 810 534 293 670 324 1204 617 4113 189.8 3443 1528
SD +70.6  +51.6 =669 +50.0 +98.0 =*129.2 *1859 =+76.9
Spp. mean 7.5 6.5 8.5 6.8 14 9 12 9 16 11 7.5 6.5 8.3 7.0
SD +1.0 +1.3 13 +1.9 +0.6 +1.3 +1.3  =*14
nest counts nests mean 32.3 22.3 129 87 218 14.0 17.8
SD +7.6 +8.6 +8.9 +4.0
Spp. mean 6.5 6.3 11 11 11 2.8 4.0
SD +1.7 +2.6 +1.3 +0.8
correlations A-D mean 0.20 025 0.11 0.18 0.64 045 0.33 0.38 0.43 0.46 0.54 0.64 056 0.65
SD +0.09 +0.13 =+024 =0.14 +0.28  +035 =020 =+0.16
F-D mean 0.09 0.16 -0.02 0.17 0.59 0.56 0.23 0.33 0.38 0.48 0.60 0.67 044 057
SD +0.14  +0.18 =+0.07 =0.11 +0.31  +032 =+0.12 0.22
S-D mean 0.16 0.16  0.03 0.19 0.60 0.56 0.24 0.33 0.40 0.48 0.59 0.67 053 0.66
SD +0.10 +0.18 =+0.18 =+0.14 +0.33 +0.32 +0.22 =+0.23
W-D mean 0.12 0.16 -0.04 0.19 0.60 0.56 0.23 0.33 0.38 0.48 0.59 0.66 049 0.64
SD +0.15 +0.18 =+0.11 =0.14 +0.33  +031 =+0.18 =+0.21
nest density values was unsatisfactory. This agrees with 2001), and seasonal changes in activity (Malicky, 1968;

Marsh’s (1984) result for a desert ant community. Future
studies should consider the dominance hierarchy of the ant
assemblage (Vepséldinen and Pisarski, 1982), weather-de-
pendent foraging (Cerd4 et al., 1998; Albrecht and Gotelli,

Table 3. Influence of habitat and ant species traits on the success in trap-
ping ant species. F-values of ANOVA tests after square root transforma-
tion of raw abundance A, frequency F, scaled abundance S, and weighted
abundance W; * 0.05<P>0.01; ** 0.01<P>0.001; *** 0.001>P. An ex-
tension in parentheses means that the predictor variable was investigated
as nested within the various levels of another variable.

A F S Y
nest density, D 237.05%%*  91.05%** 174 77%** 168.02%**
VEGEMMION COVEN 5 Spuax | 75wix  |0.65%%% 84Tk
at surface level
colony size . % sk
(inhabited stratum) 18.24 0.03 3.60 10.48
inhabited stratum 6.70%* 18.98%#*  1526%%*%  4.57*
foraging distance
(vegetation cover 0.86 10.25%%*%  3.04% 221
at surface level)
worker body size 1.15 291 1.17 0.34
plot shape 0.70 0.41 1.32 0.10

Vanderwoude et al., 1997).

Shape and size of sampling plots may influence trapping
results (cf. Luff, 1975). Although our data revealed no influ-
ence of shape (square vs. strip), F-tests for homogeneity of
variances and MDS plots of the Bray Curtis index showed
similar results for the two shapes only when 100 units or
more were used (pitfall-trapping, Steiner et al., 2005; nest
density, this study). Also, the high STRESS values of the
Bray Curtis MDS plots suggested that 25 sampling units
were too few to accurately characterise the ant assemblages.
Likewise, global R values of ANOSIM increased with the
aggregation of 25 to 100 units, but did not further increase
when 200 units were aggregated. In our field study, 100 units
(traps or m?) were therefore sufficient to characterise the ant
fauna. At the smallest spatial scale, both nest counts and pit-
fall samples are too strongly influenced by random effects to
retrieve ecologically meaningful information.

Using different expressions of individual abundance did
not significantly influence the concordance between trap data
and nest counts (ANOSIM of Spearman rank correlation co-
efficients). In Spearman rank correlations, raw abundance A
showed, on the average, a slightly higher similarity to nest
density than F, S, and W. MDS plots of Bray Curtis similari-
ties also revealed very similar patterns of A, S, and W in rela-
tion to nest density. With respect to repeatability, however, S
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grazed mowed
100 200 25 100 200
quadrat strip pooled quadrat strip quadrat strip pooled
1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 mean
1 1 1 1 1 1 4 4 4 4 1 1 1 1 1 1 SD
1645 759 1377 611 3022 1370 177.3 85.0 158.0 1203 709 340 632 481 1341 821
+69.1  +38.6 %355 269
11 10 13 11 13 12 7.5 6.5 8.3 7.5 12 12 11 11 13 12
+1.3 +1.9 13 +0.6
56 71 127 5.5 8.0 22 32 54
+2.5 +2.5
6 7 7 33 3.8 6 6 7
+1.5 +1.0
0.31 0.28 0.73 0.80 0.60 0.78 0.72 055  0.71 0.55 0.85 0.84 0.74 0.62 0.88 0.81 0.55
+0.11 +0.21 +0.12 +0.38 +0.22
0.39 032 0.48 0.56 045 0.55 0.83 0.7 057 047 0.82 0.82 0.74 0.68 0.86 0.81 0.51
+0.09  +0.18 x0.16 =+0.26 +0.23
039 029 0.55 0.62 0.54 0.59 0.80 0.7 0.64 049 0.82 0.85 0.74 0.70 0.86 0.83 0.53
+0.05  +0.18 =0.14 =+0.27 +0.23
0.39 030 0.52 0.60 0.54 0.56 0.82 0.7 058 049 0.81 0.83 0.74 0.71 0.86 0.83 0.52
+0.08  +0.18 =x0.14 +0.27 +0.23

and W have proven more robust against temporal variation
than F, and even more than A (Steiner et al., 2005).

Our comparison suggests that the differences between
the two census methods are big enough to be of practical
relevance for ant-ecological investigations. Neither comes
closer to “reality”, but the choice of the proper one, depend-
ing on the aim of a study, enhances the reliability of the
conclusions. The results produced with one method cannot
readily be expressed in terms of the other. This complicates
interpreting of the extensive literature on the two most fre-
quently used methods of ant quantification, especially since
the incongruence of trap and nest count data is expected to
increase in structurally more complex habitats or in habitats
with higher species richness (Majer, 1997). This calls for
applying complementary census techniques for assessing
ant assemblages (cf. Majer, 1997; Delabie et al., 2000;
Steiner and Schlick-Steiner, 2004; Knaden and Wehner,
2005).
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Fig. 1. Comparison of pitfall trapping (two trapping periods) and nest counting for ant quantification. Non-metric multidimensional scaling (NMDS)
plots of the Bray Curtis similarity values after square root transformation, for raw abundance A, scaled abundance S, and weighted abundance W, each
compared with nest density D, and for aggregating 25, 100, and 200 units per site (traps and m?, respectively). STRESS: standardised residual sum of
squares; Rsha, Rman, Rmet: R value of non-parametric one-way analysis of ranked similarities randomisations, with respect to plot shape, land man-
agement, and sampling method; accompanying significance levels in parentheses. NMDS plots duplicated to illustrate patterns according to land
management (above) and sampling (i.e., plot shape and sampling method; below) separately. L = lightly grazed pasture, H = heavily grazed pasture, M
= mowed meadow; underlined letters = nest counts, Q = quadrat plot, S = strip plot, P = all plots pooled.
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