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The increasing level of fine-scale systematics in insects requires sophisticated mor-
phometric tools for species identification. As a consequence, regional species lists and 
biogeographic data tend to be ambiguous. We explore the use of DNA techniques in 
an example of palearctic ants of the myrmicine genus Tetramorium, in which morphol-
ogy-based determination is difficult and frequently controversial. Several chorological 
facts are uncovered by the combined use of morphological characters and mitochon-
drial DNA sequences: Tetramorium moravicum is reported from Bulgaria and Ukraine, 
T. hungaricum from Austria and Bulgaria, while sequence comparisons question 
published records of T. semilaeve and T. forte in Eastern Europe. These findings have 
permitted us to delineate a biogeographic framework for T. forte, T. moravicum, T. 
semilaeve and T. hungaricum.

Introduction

Our knowledge of global biodiversity has 
increased enormously over the past decades. 
The number of described species of ants, on the 
one hand, has risen by 16.4% during the last 
eight years (Bolton 1995, Agosti 2003). On the 
other hand, the determination of ant species is 

becoming extremely difficult (e.g. Seifert 2002, 
2003, Csösz & Seifert 2003, Schlick-Steiner et 
al. 2003b). Non-taxonomists often rely upon 
ambiguous data sets because specialists are not 
readily available. Recently, DNA-based meth-
ods are becoming more commonly used for 
species distinction. Attempts are being started 
to catalogue biological diversity by “DNA bar-
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coding” (Hebert et al. 2003a, Mason 2003), a 
method which would help resolve the problem 
of identifying closely related species (Hebert et 
al. 2003b). Other authors even suggest “DNA 
taxonomy” (Tautz et al. 2003), and, in fact, 
taxonomic species descriptions by molecular 
markers alone already exist (Weistheide & Hass-
Cordes 2001). Opinions are polarised — some 
authors are jubilant (Blaxter 2003, Blaxter & 
Floyd 2003, Pennisi 2003, Stoeckle 2003, Janzen 
2004), while others heavily criticise these efforts 
when used as the sole approach (Dunn 2003, 
Lipscomb et al. 2003, Seberg et al. 2003, Sper-
ling 2003, Will & Rubinoff 2004).

The taxonomy of the palearctic species of 
the ant genus Tetramorium is not satisfactory, 
nor are the available tools for morphological 
determination (e.g. Sanetra 1996, Seifert 1996, 
Sanetra et al. 1999, Sanetra & Buschinger 2000). 
Similarity in external morphological characters, 
particularly in the worker caste, and intraspecific 
geographic variation are hurdles for reliable spe-
cies identification. Only a few recent attempts 
have been made to resolve taxonomic issues in 
geographically confined regions: Spain (López 
1991a, 1991b), Ukraine, Russia (Radchenko 
1992), Morocco (Cagniant 1997), and Italy 
(Sanetra et al. 1999). Some species boundaries 
and phylogenetic hypotheses were established 
using allozymes (Sanetra et al. 1999, Sanetra & 
Buschinger 2000). Nevertheless, the lack of a 
comprehensive taxonomic revision renders the 

use of species names in faunistic and biogeo-
graphic studies difficult.

In the eastern parts of Europe, including 
Hungary, Romania, Bulgaria and Ukraine, the 
reliability of published records of Tetramorium 
species is rather poor. A total of nine Tetramo-
rium species have been published for these 
countries (Table 1), including T. caespitum (Lin-
naeus, 1758), T. forte Forel, 1904, T. hungari-
cum Röszler, 1935, T. moravicum Kratochvil, 
1941 and T. semilaeve André, 1883. T. caespitum 
is supposed to consist of several cryptic species 
(Steiner et al. 2002, 2003). Workers of T. caespi-
tum and T. semilaeve are sometimes difficult to 
distinguish (López 1991b, Sanetra et al. 1999), 
yet the sexuals are clearly distinct. T. semilaeve 
sensu stricto appears to have a circum-mediter-
ranean distribution, and thus records from out-
side this region have been considered doubtful 
(Sanetra et al. 1999). Tetramorium hungaricum 
Röszler, 1935 was originally described from 
Hungary. It was considered as a variety of T. 
semilaeve by Novák and Sadil (1941) because of 
the weakly sculptured workers. Although Rös-
zler (1951) raised it to species status, the taxon 
hungaricum was later neglected by most authors 
(except Collingwood in Franz 1975) until the 
catalogisation of Röszler’s collection by Markó 
and Csösz (2002). Tetramorium forte, described 
from southern France, belongs to a group of spe-
cies that can be discerned readily from T. caespi-
tum and T. semilaeve by the strongly developed 

Table 1. Published records of currently valid Tetramorium species from Hungary (Röszler 1935, Gallé et al. 1998, 
Sanetra & Buschinger 2000, Csösz et al. 2002), Romania (Paraschivescu 1978, Markó & Csösz 2002), Bulgaria 
(Atanassov & Dlusskij 1992) and Ukraine (Forel 1904, Arnol’di 1968, Apostolov & Likhovidov 1973, Radchenko 
1992, Sanetra & Buschinger 2000).

 Hungary Romania Bulgaria Ukraine

T. caespitum (Linnaeus, 1758) x x x x
T. ferox Ruzsky, 1903    x 
T. forte Forel, 19041  x x x
T. hungaricum Röszler, 1935 x   
T. impurum (Förster, 1850) x x x x
T. meridionale Emery, 1870    x
T. moravicum Kratochvil, 1941 x   x
T. rhenanum Schulz, 19962 x   
T. semilaeve André, 1883 x x x x

1) Partly published as Tetramorium taurocaucasicum Arnol’di, 1968, which was described from Crimea (Ukraine) 
and which is a junior synonym of T. forte according to Radchenko (1992) and Atanassov and Dlusskij (1992).
2) Species status questioned, synonymy with T. moravicum supposed (B. C. Schlick-Steiner et al. unpubl. data).
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body sculpture especially on the nodes. This 
feature is also shared by Tetramorium mora-
vicum. The latter was described from Moravia 
(Czech Republic) and characterised in detail by 
Kratochvil et al. (1944). Agosti and Colling-
wood (1987) later mentioned the occurrence 
of T. moravicum in Bulgaria. Workers are so 
similar to T. forte that Bernard (1968), Dlusskij 
et al. (1990), Atanassov and Dlusskij (1992) 
and Radchenko (1992) synonymised the two 
nominal species, before Sanetra et al. (1994) 
reinstated species rank of T. moravicum. Schulz 
(1996) also treated the two taxa as distinct and 
discussed their distribution. Based on extensive 
material from different localities, R. Güsten, 
M. Sanetra & A. Schulz (unpubl. data) found 
female sexuals of T. moravicum and T. forte 
turned to be strikingly different. In summary, 
this calls for clarifying whether T. semilaeve and 
T. forte occur in eastern parts of Europe.

Mitochondrial DNA (mtDNA) is a good 
molecular marker in insects (Avise et al. 1987, 
Zhang & Hewitt 2003). It has been particularly 
useful for reconstructing the phylogenetic rela-
tionships among closely related taxa and for 
studying population history. Combining molecu-
lar data with morphological analyses reduces the 
risk of drawing false conclusions. Thus, congru-
ence of genetic and morphological data yields 
much stronger support for inferred hypotheses 
about evolutionary patterns than either of these 
approaches alone (Wiens & Reeder 1997, Wet-
terer et al. 1998, Steiner et al. 2004).

In this study we identified Tetramorium ants 
from eastern Europe by combining morphol-
ogy with mtDNA sequences. The results are 
discussed with respect to the myrmecofaunae of 
some eastern European countries and the appli-
cation of molecular techniques in biogeographic 
research in general.

Material and methods

Tetramorium ants from Bulgaria, Ukraine, 
Austria, the Czech Republic, Germany, Hun-
gary and Spain (Table 2) were morphologically 
determined according to André (1883), Forel 
(1904), Röszler (1935), Schulz (1996) and Seif-
ert (1996). The T. forte sample from Albarracin 

and the T. moravicum samples from Mohelno 
and Zali’s’sa had already been characterised 
by diagnostic enzyme loci in a previous work 
(Sanetra & Buschinger 2000: samples T 498, T 
207, T 527). The separation of T. forte and T. 
moravicum was further corroborated by com-
parison of the morphologically distinct sexuals 
from nearby areas. Types of T. forte (Muséum 
d’Histoire Naturelle Genève) and specimens of 
T. hungaricum, the labels of which are identical 
with the data referred to in Röszler’s descrip-
tion (Naturhistorisches Museum Wien), were 
inspected for comparison. The type material of 
T. semilaeve probably consists of several species 
(Sanetra et al. 1999), and we therefore inspected 
specimens of T. semilaeve from a population in 
Banyuls-sur-Mer, which was defined as typical 
by Bondroit (1918) and Emery (1925).

The species investigated in this study belong 
to the T. caespitum group (Bolton 1995). As an 
outgroup species we selected a member of the 
T. striolatum group, the Australian T. capitale 
(McAreavey, 1949).

All samples were mtDNA-sequenced except 7 
samples, which were previously sequenced (Gen-
Bank accession numbers AY641656, AY641658, 
AY641664–AY641666, AY641703, AY641712, 
AY641714; partly from Steiner et al. 2005).

DNA was extracted using the Sigma Gen-
elute Extraction (Saint Louis, MO, USA) kit. 
PCRs were carried out in reaction volumes of 
50 µl containing 4 µl template DNA, 1¥ reac-
tion buffer, 0.2 mM dNTPs, 0.2 µM forward 
and reverse primers, 2 U Taq DNA polymerase 
(Sigma, Saint Louis, MO, USA) and H2Odd. PCR 
was run in a MJ thermocycler (MJ Research, 
MD, USA) using a touchdown program under 
the following conditions: initial step 1 min at 
94 °C, followed by 31 cycles of 1 min at 94 °C, 
30 sec at varying annealing temperatures (47–
55 °C) and 2 min at 72 °C; completed by a final 
step of 2 min at 72 °C. Primers used for amplifi-
cation of the 1280 bp long cytochrome oxidase 
I (COI) gene segment were “L2-N-3014r” alias 
Pat 5´-tccaatgcactaatctgccatatta-3´ (Simon et al. 
1994) and “COI1f” 5´-cccccctctattagattattatt-3´ 
position 2103 in COI sequence of Apis mellifera 
(Crozier & Crozier 1993).

A total of 1035 bp of COI were used for 
phylogenetic analysis. PCR products were puri-
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fied (Qiaquick PCR purification kit: Qiagen, 
Hilden, Germany), sequenced in both directions 
using the Big Dye termination reaction chem-
istry (Applied Biosystems, Foster City, CA, 
USA) and analysed with an ABI 377 automated 
sequencer (Applied Biosystems). Sequence 
alignment was achieved with Clustal X default 
settings (Thompson et al. 1997). To compare the 
relationships among sequences, both distance 
(neighbour-joining algorithm, NJ) and maxi-
mum parsimony (MP) analysis were performed 
using the software package PAUP* (test version 
4.0b3a; Swofford 1998). Tamura-Nei distance 
(Tamura & Nei 1993) was used for the NJ trees. 
MP trees were generated with a heuristic search 
using the tree bisection reconnection algorithm 
and a random taxon addition sequence. Boot-
strapping (1000 replicates; Felsenstein 1985) 
was applied. In order to present the variable sites 
among the analysed Tetramorium samples, a 
consensus sequence was created using a thresh-
old frequency of 60%.

Results

The Bulgarian and Ukrainian Tetramorium sam-
ples consisted exclusively of workers. They 
were morphologically determined as T. hun-
garicum (Bulgaria) and T. moravicum (Bulgaria, 
Ukraine). Our morphological determination of 
T. hungaricum is based mainly on its very small 
overall body size, the reduced sculpture, the 
relatively great distance between single carinae 
on the vertex, the usually low carinae, and the 
frequent lack of carinae on the dorsolateral part 
of the head posterior to the eyes. The reduction 
of sculpture leads to a shiny overall impression 
of the workers. Our determination of T. mora-
vicum is based on a large overall body size, 
frequently blackish colour, very pronounced 
sculpture, especially well-developed rugulae on 
the petiolus and postpetiolus, and a hexagonal 
microsculpture on the first gastral tergum. The 
rugulae on the lateral head posterior to the eyes 
form straight lines vanishing arbitrarily near the 
posterior margin of the head and do not fuse with 
each other to form arching lines. The combina-
tion of morphological inspections with DNA 
sequencing facilitates determinations at the spe-

cies level, providing much greater confidence 
than if only one method were applied.

Partial regions of the mitochondrial COI gene 
of the sequenced samples are deposited in GenBank 
under accession numbers AY641669, AY641720–
AY641724 and AY641659–AY641662. Within 
the COI region of all phylogenetically analysed 
Tetramorium species (1035 bp), mutations 
occured at a total of 151 sites (140 of them 
informative), 25 of these are located on the first 
codon position, one on the second, and 125 on 
the third codon position (Appendix). Maximum 
intraspecific variation within all species was 
low: T. hungaricum 0.0%, T. caespitum 0.2%, 
T. semilaeve 1.2%, T. forte 0.9%, T. moravicum 
0.1%–0.3%. Interspecific sequence divergence 
within the genus Tetramorium varied from 4.3% 
to 10.8%. T. hungaricum and T. caespitum are 
the closest within the set of data, building a 
clade as T. forte did with T. moravicum. In the 
phylogenetic tree (Fig. 1), these two clades are 
supported by high bootstrap values.

Discussion

The extents of intraspecific and interspecific 
sequence divergences of the studied Tetramo-
rium species are in the same order of magnitude 
as found within and between Lasius species 
investigated for the same COI fragment (Steiner 
et al. 2004). We conclude that T. hungaricum 
represents a well-supported taxon which can be 
characterised by both morphological and molec-
ular features. Additionally, DNA sequencing 
and identification of diagnostic sites (Appendix) 
could be the next step towards determinations 
based on restriction fragment length polymor-
phism (RFLP). This would provide rapid and 
cheap routine determinations based on specific 
sets of enzymes. In the analysed stretch of the 
COI gene, ten diagnostic sites for T. hungaricum 
against T. semilaeve emerged. At one of these 
(position 2766), the restriction enzyme NcoI cuts 
T. semilaeve into two fragments of 666 bp and 
614 bp length, but does not cut T. hungaricum 
(Appendix). The literature records from Bulgaria 
pertaining to T. semilaeve probably constitute 
T. hungaricum, although some confusion with 
T. caespitum, to which it appears phylogeneti-
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cally closer (Fig. 1), by the original investiga-
tors cannot be ruled out (see also López 1991b, 
Sanetra et al. 1999 on the difficulties of reliably 
distinguishing T. caespitum and T. semilaeve 
workers). The phylogenetic proximity of T. hun-
garicum and T. caespitum is further corroborated 
by the large T. caespitum-like sexuals of T. hun-
garicum. In practical terms, T. semilaeve, listed 
for Bulgaria by Agosti and Collingwood (1987) 
and Atanassov and Dlusskij (1992), should be 
replaced by T. hungaricum.

The analysed COI stretch in T. moravicum 
contains thirteen diagnostic sites against T. forte, 
e.g. SmaI cuts once in T. moravicum but not in 
T. forte. This enables RFLP diagnosis of the two 
species via two distinguishable DNA fragments 
(589 bp and 691 bp) in T. moravicum (Appen-
dix). Our morphological and genetic evidence 
re-establishes the occurrence of T. moravicum 
in Bulgaria and confirms its presence in Ukraine 
(cf. Sanetra & Buschinger 2000). T. moravicum 
was already recorded in Bulgaria by Agosti and 
Collingwood (1987), but was then excluded from 
the check-list due to the proposed synonymy with 
T. forte (Atanassov & Dlusskij 1992). Along with 

other lines of evidence inferred, for instance from 
allozyme studies (Sanetra et al. 1994, Sanetra & 
Buschinger 2000) and from the morphology of 
the sexuals (R. Güsten, M. Sanetra & A. Schulz 
unpubl. data), T. forte and T. moravicum now 
clearly turn out to be different species, of which 
only T. moravicum occurs in Eastern Europe 
(Fig. 2). Literature records of T. forte from Bul-
garia (Agosti & Collingwood 1987, Atanassov & 
Dlusskij 1992) and Ukraine (Forel 1904, Arnol’di 
1968, Radchenko 1984, the latter two records as 
T. taurocaucasicum Arnol’di, 1968) thus should 
be corrected to T. moravicum.

Based on DNA sequencing it was possible 
to establish the distribution pattern of several 
Tetramorium species. T. forte and T. moravicum 
appear allopatric in origin. While T. forte shows 
an atlanto-mediterranean distribution (confined 
to southern France, Spain and Morocco), the 
origin of T. moravicum probably lies in the 
ponto-mediterranean-caucasic refugium (R. 
Güsten et al. unpubl. data). T. semilaeve, though 
morphologically very similar to T. hungaricum, 
has been shown to be confined to areas surround-
ing the Mediterranean Sea. In stark contrast, 

T. hungaricum (BU: Petritchka kotlovina Basin)

T. hungaricum (BU: Plana mountain)

T. hungaricum (HU: Csiki Hegyek)

T. hungaricum (AU: Hackelsberg)

T. caespitum (AU: Setzberg)

T. caespitum (AU: Oberweiden)

T. caespitum (GM: Babenhausen)

T. semilaeve (SP: Sant Cugat)

T. semilaeve (SP: SW Alcantara)

T. semilaeve (SP: Langas)

T. forte (SP: Embalse de la Toba)

T. forte (SP: Albarracin)

T. forte (SP: Doñana National Park)

T. moravicum (UP: Zalis‘s‘sa)

T. moravicum (EZ: Mohelno)

T. moravicum (AU: Hundsheimer Berg)

T. moravicum (BU: Plana mountain)

T. capitale (AS)

100(100)

100(100)

100(100)

100(100)

99(100)

90(58)

100(100)

98(68)

100(100)

0.02

51

56(55)

52

52(61)

Fig. 1. Phylogenetic tree of Tetramorium caespitum, T. hungaricum, T. moravicum, T. forte, T. semilaeve and 
T. capitale based on Neighbour Joining calculated with the Tamura-Nei algorithm of 1035 bp of the COI gene. 
Bootstrap values given at nodes, values > 75 set in boldface. Bootstrap values of the MP branches given in paren-
theses, except when topology was not congruent and the alternative MP topology was not supported by bootstrap 
values > 75. Geographic origin: AS = Australia, AU = Austria, BU = Bulgaria, EZ = Czech Republic, GM = Germany, 
HU = Hungary, SP = Spain, UP = Ukraine.
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T. hungaricum occurs in the pannonic–balcanic 
region (ranging from Austria south-eastwards). 
Hence, biogeographically the two taxa appear 
well separated (Fig. 2), and records from out-
side these areas may be considered doubtful. 
We recommend reinvestigating the records of 
T. semilaeve and T. forte from other Eastern 
European countries such as Hungary (Gallé et 
al. 1998), Romania (Paraschivescu 1978) and 
Ukraine (Forel 1904, Arnol’di 1968, Apostolov 
& Likhovidov 1973, Radchenko 1984) with both 
morphological and molecular methods.

Our DNA-supported biogeographic inves-
tigations are a first step towards trustworthy 
distribution patterns of palearctic Tetramorium 
species. In several other ant genera (Bothrio-
myrmex, Camponotus, Formica, Lasius, Temno-
thorax, Myrmica, Ponera) the situation remains 
equally unsatisfactory. The identification of ant 
species is problematic: Even in the Central Euro-
pean fauna, which is the best studied in the 
world (Seifert 1999), an estimated 10% to 25% 
of the total 167 species (Seifert 1996, Seifert 
2000, Csösz & Seifert 2003, Schlick-Steiner et 
al. 2003a, 2003b) are occasionally misidentified 
(Seifert 1996, Schlick-Steiner et al. 2003a, B. 
Seifert pers. comm.). Their biogeographic pat-
terns thus remain blurred.

DNA-aided species identification has become 
a routine procedure in various disciplines, includ-
ing diagnostic medicine (e.g. Bettelheim & 
Beutin 2003, Drobniewski et al. 2003), epidemi-
ology (Van Bortel et al. 2000, Wells & Sperling 
2001), forensic science (e.g. Wilson et al. 2003), 
agriculture (e.g. Bernet et al. 2003) and bioengi-
neering (e.g. Kirchner & Tauch 2003). For bioge-
ography the importance of morphological investi-
gations remains unquestioned (Seifert 1999, Van 
Bortel et al. 2000, Seifert 2002, Will & Rubinoff 

2004), but a combination with molecular meth-
ods would be broadly applicable to all groups 
of organisms in which morphologically difficult 
species are abundant, e.g. trematodes (Ryu et al. 
2000), bivalves (Therriault et al. 2004), termites 
(Clément et al. 2001), beetles (Page et al. 1997), 
parasitic wasps (Pinto et al. 1997), toads (García-
París et al. 2003), and also plants (Blomster et 
al. 2000). In our opinion, molecular techniques 
may prove to be just one more instrument in the 
toolbox, yet a powerful one.
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