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Fine-scale grassland assemblage analysis in Central Europe: ants tell 
another story than plants (Hymenoptera: Formicidae; Spermatophyta) 

Thorsten ENGLISCH, Florian M. STEINER & Birgit C. SCHLICK-STEINER 

Abstract 

We address whether vascular plants can serve as a surrogate for ants in fine-scale assemblage studies by investigating 
assemblages of four plots of a dry steppe habitat in eastern Austria. We found that ants drew another picture than plants 
with respect to evenness, assemblage similarity, meta-similarity between single assemblage similarity matrices, and 
spatial species turnover. Ant data was more robust to data transformation than plant data. Differences between plant 
and ant assemblages levelled when data were reduced to presence-absence mode. We suspect that, in general, the cor-
relation between plant and ant assemblages may be higher for coarse-scale studies involving pronounced ecological 
differences between habitats. 
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Introduction 
Conservation biologists are confronted with the difficult 
task of biodiversity monitoring – tracking changes in the 
biological integrity of ecosystems (ANDERSEN & al. 2004). 
This task actually encompasses very different things: from 
estimating global species numbers to assessing the im-
pact of management practices on local communities. As 
conservation biology is a discipline with a deadline, re-
searchers soon came to realise that they need to find bio-
logical indicators, i.e. representatives that allow retrieval 
of information on the whole. As no single taxon com-
pletely represents the whole, indicator taxa selection is cru-
cial (LANDRES & al. 1988, HILTY & MERENLENDER 2000). 
Practical constraints (time, money, and availability of spe-
cialists) enforce the search for optimal trade-offs for com-
bining indicator groups (e.g., HOWARD & al. 1998). Num-
erous studies have explored the adequacy of biodiversity 
surrogates, but the findings from different regions and a-
mong distinct taxa are inconsistent and controversial (e.g., 
NOSS 1990, PRENDERGAST & al. 1993, HOWARD & al. 1998, 
PANZER & SCHWARTZ 1998, PHARO & al. 1999, NEGI & 
GADGIL 2002, SAETERSDAL & al. 2003, WALDHARDT 2003, 
SAUBERER & al. 2004). 

Plants have a long tradition as objects in community 
ecology, conservation biology and related fields (e.g., KER-
NER VON MARILAUN 1863, SCHROETER 1926, WHITTA-
KER 1956, BRAUN-BLANQUET 1961, BAKKER 1965, AUS-
TIN & HEYLIGERS 1989). This is due, among others, to the 
practicability of assessing sessile organisms, the impor-
tance of plants as primary producers and structural ele-
ments of habitats, and their well-studied information con-

tent on abiotic factors (e.g., ELLENBERG 1988). The occur-
rence and abundance of plant species enables ecologists to 
assess the prevailing environmental conditions (ENGLISCH 
& KARRER 2001). Thus vegetation data have become the 
prime source for habitat characterization (e.g., WHITTA-
KER 1973), in monitoring programmes (SPELLERBERG 
1991), and for assessing global biodiversity hot-spots (e.g., 
MYERS & al. 2000). 

Arthropods constitute the vast majority of global bio-
diversity. Among arthropods, ants are considered as eco-
logically dominant in most terrestrial environments. While 
ants have been increasingly appreciated as an indicator 
group in some regions (e.g., BESTELMEYER & WIENS 2001, 
ANDERSEN & al. 2004), their inclusion into conservation 
biology is still in its infancy in Central Europe (STEINER & 
SCHLICK-STEINER 2002). There are several parallels be-
tween plants and ants (ANDERSEN 1991, LÓPEZ & al. 1994), 
but the shared character most important for biological in-
dication is their sessile life-style, which allows for a high 
exactness in topographical allocation of data (STEINER & 
SCHLICK-STEINER 2002). 

There is an ongoing debate on whether plants can be 
surrogates for arthropods in biodiversity monitoring. Some 
argue that the distribution of arthropods is more finely pat-
terned than that of plants (ANDERSEN & al. 2004, and re-
ferences therein), others observed that conservation meas-
ures designed for plants are likewise beneficial for arthro-
pods (e.g., PANZER & SCHWARTZ 1998). A series of bio-
diversity studies have compared plants with ants, but most-
ly with respect to species richness (e.g., NEGI & GADGIL 
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2002, DAUBER & al. 2003, SAUBERER & al. 2004). It is in-
creasingly recognized that assemblage characteristics are 
preferable (SU & al. 2004), but only a few studies met this 
concern (GALLÉ 1980, GADAGKAR & al. 1993, DUELLI & 
OBRIST 1998, GALLÉ & al. 1998, OSBORN & al. 1999, BES-
TELMEYER & WIENS 2001, PFEIFFER & al. 2003). Their 
findings, however, were not unanimous: some found cor-
relations between plants and ants across study sites, some 
did not. 

Here, we address whether vascular plants can serve as 
a surrogate of ants in fine-scale assemblage studies in Cen-
tral Europe. We compare vegetation (species assemblages 
with cover-abundance-data) and ant nest density data from 
different plots of a dry steppe habitat with respect to (a) 
species richness and evenness, (b) assemblage similarity, 
and (c) spatial species turnover. 

Material and Methods 
Sampling 
The study site was a semi-natural dry grassland extensive-
ly grazed by sheep (phytocoenosis: Ranunculo illyrici-Fes-
tucetum valesiacae, ENGLISCH & JAKUBOWSKY 2001) on 
Hundsheimer Berg (eastern Austria, 465 - 470 m a.s.l., 48° 
07' N, 16° 56' E; Fig. 1). Four 20 × 20 m plots (1 - 4) were 
selected (Fig. 1). Plot selection aimed at minimum 
among-plots variation with respect to vegetation (based on 
data from ENGLISCH & JAKUBOWSKY 2001), exposition 
(WSW), inclination (c. 2 %), distance to the nearest wood 
margin (c. 150 m) and grazing regime over the past 20 
years (E. Zillner, pers. comm). Vegetation structure was 
relatively homogeneous within plots. 

Vascular plants were assessed in 5 × 5 m quadrats locat-
ed in the centre of each plot (Fig. 1). Plant species assem-
blage and vegetation cover was investigated in 2004 at 
different phenological states, from late spring to late sum-
mer. ADLER & al. (2004) was used as the standard refer-
ence for flowering plants and ferns. Quantitative plant cov-
er estimates were obtained for each species applying the 
Londo's decimal scale (LONDO 1976) adjusted for low cov-
er values. Mean percentage values of the respective cover 
classes were deployed for untransformed abundance values. 

Ants were assessed inside two 5 × 5 m quadrats, ad-
joining but not overlapping plant quadrats, per plot in May 
2004. We aimed at a complete search for ant nests in the 
quadrats by carefully cm-wise pushing apart of the vege-
tation using small rakes and by screening of the soil sur-
face. Upon any signs of ant nests, such as nest entrances, 
little heaps of soil, disposal, dead ant workers or workers 
returning to the nest with food, the soil was opened and ant 
nests were sampled (cf. SEIFERT 1986). Ants were deter-
mined according to SEIFERT (1996) or – two samples of 
Lasius (Chthonolasius) – by B. Seifert. In addition to mor-
phology-based determination, DNA sequences (1000 bp 
of the mitochondrial gene COI; methods in STEINER & al. 
2005) of five samples of Tetramorium were compared with 
GenBank entries AY641728, AY641659 and AY641661 
– species identification of some Central European Tetra-
morium species entirely based on morphology is less re-
liable than a combined approach using morphological and 
molecular methods (cf. STEINER & al. 2005). Reference 
specimens are kept in the collection of BCS & FMS. Nest 
densities (nests per m²) were calculated by pooling data 
from the two sub-plots. 

Assemblage statistics 
To characterise the plant and ant assemblages of the single 
plots, we calculated evenness E as the portion (%) of the 
Shannon diversity index H' (SHANNON & WEAVER 1949), 
based on ln, of the maximum value of H' for the observed 
number of species. 

As a measure of assemblage similarity across plots, we 
computed Wishart's similarity ratio, a semi-metric meas-
ure suitable for R-mode analysis of ecological data matri-
ces with various double-zero values (WESTHOFF & VAN 
DER MAAREL 1978). Analyses were performed with un-
transformed data, with data after square root transforma-
tion and with data reduced to presence-absence mode. For 
visualisation we chose diagrams of hierarchical cluster 
analysis (average linkage between groups, LEGENDRE & 
LEGENDRE 1998) using SPSS 10.0.7 (SPSS INC. 1999). 

Subsequently, we computed a meta-similarity between 
plant and ant assemblages. Similarity ratios of the single 
assemblages were compared by calculating a similarity 
value between all pairs of matrices, using Spearman rank-
correlation by 2Stage analysis in PRIMER 5.2.9 (CLARKE 
& GORLEY 2001). Non-Metric Multi Dimensional Scaling 
(NMDS, KRUSKAL 1964) analysis was conducted from the 
resulting matrix of the 2Stage analysis (similarities con-
verted to distances) in order to examine differences in com-
positional patterns of ant and plant assemblages. The place-
ment of plots and number of axes in the NMDS ordina-
tion were calculated as the solution minimizing the final 
divergence between the dissimilarities in the original data 
matrix and the dissimilarities in the reduced ordination ma-
trix. The distortion of the final model was measured by 
Kruskal's STRESS (Standardized Residual Sum of Squares), 
ranging from 0 to 1, with lower values indicating better 
reproduction of the original dissimilarities (see LEGENDRE 
& LEGENDRE 1998). 

To assess spatial species turnover, we computed Jac-
card's Index from presence-absence data of the plant and 
ant data matrix (JI = a / (a + b + c), where a are species 
in common for two plots compared, b is the species loss, 
and c is the species gain in relation to the first plot (LE-
GENDRE & LEGENDRE 1998), and expressed it in terms of 
dissimilarity (JD = 1 - JI). JD varies from 0 (identical spe-
cies composition) to 1 (no overlap of species across plots). 

Results 
In vascular plants, total species richness S was 74, for 
single plots it varied from 39 to 51. The percentage cover 
for single species ranged from 0.1 to 40, the sum of mean 
cover from 146 to 163 (Tab. 1). Ant sampling yielded a 
total of 160 nests of eight species. For single plots spe-
cies richness varied from five to six, with a total of 33 to 
50 nests per plot (Tab. 1). Values of evenness E ranged 
from 68.1 to 78.7 % for plants, and from 45.8 to 97.5 % 
for ants for every plot. The low values of plant evenness 
are due to the high abundance of the grass species Festuca 
valesiaca SCHLEICH. ex GAUDIN and Koeleria macrantha 
SCHULT., which form from 30 to 42 % of the total plant 
cover. The five most abundant species result in about 50 to 
56 %, while the rarest 25 per plot sum up to a maximum 
of 20 % cover. The broad range over which evenness var-
ies in ants is mainly due to very high abundance and per-
centage abundance values of Lasius alienus (FÖRSTER, 
1850) in plot 1. While this ant has the highest percentage  
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Fig. 1: Partial map of Central Europe with indication of study site (left upper corner), orthophoto of the study site showing 
plots 1 - 4; position of plant and ant subplots within plots, as indicated by symbols (left lower corner), and photographs 
of each a plant (Trinia glauca (L.) DUMORT., a dioecious Umbelliferae) and an ant (Tapinoma erraticum (LATREILLE, 
1798)) typical for the study site. 
 
abundance in every single plot, in plot 1 it reaches 80.0 %, 
compared to 30.3 - 35.3 % in the other plots. 

Cluster diagrams of Wishart's similarity ratio values 
across plots (Fig. 2) illustrated differences between plants 
and ants. (a) Branching order was converse, irrespectively 
of data transformation: Plot 1 was least similar to all other 
plots in ants, but among the plots with highest similarity 
ratio values in plants. (b) The range over which similari-
ties varied differed between plants and ants: Three of four 
ant assemblages clustered closer than any plant assem-
blages did, while one (plot 1) was more distant to the oth-
ers than any plant assemblages were. (c) Plant and ant data 

responded differently to transformation: Transformation 
caused a shift in branching order in plants, but branching 
order did not change with transformation in ants. 

The NMDS ordination based on the meta-similarity 
values (Fig. 3) gave a very good representation of the ma-
trix (STRESS = 0.0). It visualized a higher impact of data 
transformation on plants (longer distances between data 
points in the plot) than on ants. Additionally, meta-similar-
ity values of plants and ants were ordinated closest when 
based on presence-absence data. 

Spatial species turnover (JD) ranged from 0.39 to 0.51 
in plants and from 0.00 to 0.43 in ants for the adjacent     
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Fig. 2: Similarity between the plant and ant (indicated by symbols) assemblages of the four plots 1 - 4: cluster diagrams 
(average linkage between groups) of Wishart's similarity ratio values of untransformed data (white symbols), data after 
square root transformation (grey symbols) and data reduced to presence-absence mode (black symbols). 

 
Tab. 1: Characteristics of plant and ant assemblages of the 
four plots (1 - 4) on Hundsheimer Berg: abundance (total 
sum of mean abundance / 25 m² in plants, nests / 50 m² in 
ants), species richness S, Shannon diversity index H', even-
ness E (%). 
 

Plot Group Abundance S H' E 

1 plants 155 39 2.88 78.7 
  ants 50 6 0.82 45.8 

2 plants 150 43 2.76 73.4 
  ants 34 5 1.42 88.2 

3 plants 163 43 2.56 68.1 
  ants 33 5 1.57 97.5 

4 plants 146 51 2.87 73.0 
  ants 43 6 1.56 87.2 

 

 
 
plot comparisons (Tab. 2). The mean turnover was 0.48 for 
plants and 0.27 for ants. Despite generally lower values of 
spatial species turnover, higher variability among plots was 
indicated in ants. 

Tab. 2: Spatial species turnover expressed as dissimilarity 
(JD) for the four-plot-sequence (1 / 2 / 3 / 4) and overall 
value (arithmetic mean) for plants and ants. 
 

Plots 
Geographic 

distance (m) Plants (JD) Ants (JD) 

1 / 2  34 0.39 0.43 

2 / 3  50 0.49 0.00 

3 / 4  57 0.51 0.17 

overall spatial  
species turnover 0.48 0.27 

 

Discussion 
In our study, plant species richness is in an order of magni-
tude characteristic for temperate grassland which is given 
as 30 to 60 species (ELLENBERG 1988, BARTHLOTT & WIN-
IGER 1998). Vegetation shows a high homogeneity across 
plots as reflected by abundance, species richness and even-
ness (Tab. 1), and similarity of assemblages (Fig. 2). The 
high values of spatial species turnover in plant assem-
blages (Tab. 2) are largely caused by infrequent ("satel-
lite") species. Satellite species comprise species with broad 
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Fig. 3: Meta-similarity between plant and ant assemblages: 
Two-dimensional NMDS ordination of Wishart's similar-
ity values between similarity ratio matrices of the single 
plant and ant assemblages (indicated by symbols; data 
points in centre of flower symbol and in centre of ant meso-
soma), of untransformed data (white), data after square-
root transformation (grey) and data reduced to presence-
absence mode (black); Kruskal's STRESS value given. 
 
 
 
ecological amplitude, species for which nutrient-poor hab-
itats offer only suboptimal conditions (e.g., ruderals: Plan-
tago lanceolata, Stellaria media), and species that substi-
tute each other due to similar functional roles (e.g., short-
lived annuals: Erophila verna (L.) CHEVALL., Holosteum 
umbellatum L.). On the other hand, the core set of plant spe-
cies, forming the diagnostic species combination of the 
studied vegetation type, does not vary much across plots, 
which corresponds to other grassland studies (e.g., PÄRTEL 
& al. 2001). 

Ant species richness values are rather low compared 
to other Central European grassland studies (SEIFERT 1986, 
SCHLICK-STEINER & al. 2003): this might be due to within-
habitat homogeneity of vascular plants (KASPARI & al. 
2000). Abundance and species richness are rather constant 
across plots, but a pronounced heterogeneity of ant as-
semblages is revealed by evenness, similarity of assem-
blages and spatial species turnover. A clumped distribu-
tion of Lasius alienus nests may be suspected, as was sug-
gested by GALLÉ (1978) for "Lasius alienus" = Lasius 
psammophilus (SEIFERT, 1992) according to today's taxo-
nomy (L. Gallé, pers. comm.).  

Overall, from our study on species assemblages of a 
Central European dry grassland, ants drew another pic-
ture of their habitat than vascular plants. Our results agree 
with a number of studies which likewise revealed that vari-
ation of ant assemblages frequently does not correlate with 
that of vegetation (GALLÉ 1980, DUELLI & OBRIST 1998, 
GALLÉ & al. 1998, OSBORN & al. 1999, BESTELMEYER & 
WIENS 2001). In contrast, two other studies found a corre-
lation between assemblage characteristics of plants and ants, 
namely in Indian forest habitats (GADAGKAR & al. 1993) 
and in Mongolian steppe and desert habitats (PFEIFFER & 
al. 2003). However, among-site variations of habitat qua-
lity were much more pronounced in those studies than in 

the present case. We guess that plant and ant assemblages 
increasingly co-vary at larger geographic scale or with in-
creasing habitat heterogeneity. 

Ant data in our study turn out to be more robust with 
respect to data transformation than plant data, as illustrat-
ed by the constant branching order in the cluster dia-
grams of the similarity ratio values (Fig. 2) and by smal-
ler differences of meta-similarity between ant assemblages 
after different data transformations (Fig. 3). OSBORN & al. 
(1999) also observed greater robustness of ant versus veg-
etation data for Venezuelan forests. Our study once again 
highlights the importance of quantitative data on plant and 
ant assemblages: Ecosystem function is not influenced sole-
ly by species richness, but species identity, abundance, and 
functional traits of species are moreover important for 
community structure, interactions, productivity and stabi-
lity (HECTOR & al. 1999, LOREAU & al. 2001). The extant 
differences between plants and ants were less well high-
lighted when presence-absence data were used only (Fig. 3). 

Plant species composition and quantitative cover dif-
ferences essentially determine habitat structure, and are 
especially important for small and herbivorous species 
(BROWN & al. 1990, DENNIS 2003) exhibiting strong ef-
fects on insect species richness and abundances (e.g., HAD-
DAD & al. 2001). The pattern exclusively detected based 
on the ant assemblage analysis is relevant for community 
ecology and conservation biology: On the one hand, ant as-
semblage characters constitute important habitat charac-
ters themselves (CRIST & WIENS 1996) because ants play 
important roles in their ecosystem with respect to biomass 
and energy turnover and are among the most important in-
vertebrate predators and soil engineers (reviewed by STEI-
NER & SCHLICK-STEINER 2002). On the other hand, ants 
were repeatedly found to serve as indicators of other habi-
tat characters such as disturbance, successional change and 
rangeland condition (e.g., BURBIDGE & al. 1992, HOFF-
MANN 2000, SCHLICK-STEINER & al. in press). 

In conclusion, plants are clearly no surrogate for ants in 
fine-scale community ecology studies and this may well 
apply to a range of other invertebrate groups as well (cf. 
ANDERSEN & al. 2004, DANGERFIELD & al. 2003). Never-
theless, for coarser studies of clearly differing habitats, ants 
may not yield that much additional information. In terms 
of applied conservation biology, our finding is a further ar-
gument in favour of selecting more than one taxon as a 
biodiversity indicator and of integrating ants into multi-
taxa approaches to define conservation priorities and im-
plement biodiversity monitoring programs (NOSS 1990, 
KOTZE & SAMWAYS 1999, BESTELMEYER & WIENS 2001). 

Acknowledgements 
To the Nature Conservation Department of the government 
of Lower Austria for sampling permit and financial sup-
port; to E. Zillner for information on the management of 
the study site; to G. Jakubowsky for help in the field (vas-
cular plants) and comments on the manuscript; to B. Sei-
fert for determining Lasius (Chthonolasius) samples; to 
L. Gallé for valuable information; to E. Christian for dis-
cussions and suggestions; to A. Andersen and R. Albert 
for constructive criticism on the manuscript; to M. Stacho-
witsch for linguistic improvements to the manuscript. 



 66

Zusammenfassung 
Liefern Gefäßpflanzen in kleinräumigen Gemeinschafts-
studien ausreichend Information, um die Untersuchung von 
Ameisengesellschaften zu ersetzen? Auf vier Flächen ei-
nes Trockenrasenlebensraums in Ostösterreich ergaben 
Ameisen ein anderes Bild als Pflanzen, hinsichtlich Even-
ness, Gemeinschaftsähnlichkeit, Meta-Ähnlichkeit zwi-
schen Ähnlichkeitsmatrizen und räumlichem Wechsel des 
Artenbestandes ("Artenaustausch"). Ameisendaten waren 
robuster gegenüber Transformationen als Pflanzendaten. 
Unterschiede zwischen Pflanzen- und Ameisengemein-
schaften zeigten sich weniger deutlich, wenn ausschließ-
lich qualitative Daten herangezogen wurden. Wir vermu-
ten, dass die Korrelation zwischen den zönologischen Kenn-
werten von Pflanzen- und Ameisengemeinschaften in groß-
räumigeren Untersuchungen und bei stärkeren ökologi-
schen Unterschieden zwischen den Lebensräumen zunimmt. 
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