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Light at the end of the tunnel: Integrative taxoryodelimits cryptic species in the
Tetramorium caespitumomplex (Hymenoptera: Formicidae)

Herbert C. WAGNER, Wolfgang ARTHOFER Bernhard 8IFERT, Christoph MUSTER Florian M. SEINER &
Birgit C. SCHLICK-STEINER

Abstract

Species delimitation is fundamental for many bigtagstudies; its importance extends from regidaahistics over
behavioral research to the reconstruction of evmhatry history. However, species delimitation ire tRalearctic
Tetramorium caespiturspecies complex (formerljetramorium caespiturimpurumcomplex) has stayed ambiguous
over a century. A 2006 study argued for the presefeight Western Palearctic cryptic species mihdt draw formal
taxonomic conclusions due to multiple unresolvetiés. Using 1428 nest samples in an in-depth etiggrtaxonomy

» approach, we here revise the European speciesafaimplex. Unsupervised analyses provide indepdrsfmties
hypotheses based on molecular and morphologicaiptiises. Following the unified species concept, shew the
presence of ten clearly distinguishable Europeaaisp differing in mitochondrial DNA, nuclear DNAorphology of
workers and males, and ecology. We explain theutiaol of the observed mitochondrial-nuclear disemwks by peri-
patric speciation, historical introgression, anckre hybridization, and that of morphological-nacleiscordances by
interspecific similarity and intraspecific variaiby, that is, morphological crypsis. Based on thmalf species hypo-
theses, we confirm. caespitunfLINNAEUS, 1758),T. impurum(FOERSTER 1850),T. indocile SaANTscHI, 1927,T. hun-
garicumRoOszLER 1935, andr. alpestreSTEINER, SCHLICK-STEINER & SEIFERT, 2010 as good species. We raise
fusciclavaCoNsANI & ZANGHERI, 1952 stat.n.T. staerckeKRATOCHvVIL, 1944 sp.rev., andl. immigransSANTSCHI,
1927 stat.n. (as an introduced species also il\thericas) to species rank and synonymizesemilaeverar. kutteri
SANTSCHI, 1927 undef. indocileandT. staerckevar. gregori KRATOCHviL, 1941 undefl. impurum Finally, we newly
describeT. breviscapusp.n. and’. caucasicunsp.n. We present dichotomous determination keygtiiers and males
and make freely available an online identificati@y to workers at https://webapp.uibk.ac.at/ecoleggamorium/. Of
relevance to resolving other highly complicatedotzxmic problems, we highlight that no single dafaetwas suf-
ficient to disentangle the final species boundanidgch underlines the importance of integratindtiple data sources
in taxonomy.

Key words: CO1 gene polyphyly, amplified fragment-length pobyphism, morphometrics, nest centroid clustering,
interspecific hybridization, European pavement ants
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Introduction

The species level is the basis of many biologitadies  disciplinary approaches ¢8LICK-STEINER & al. 2010).

— most research in, for example, conservation, phen Species delimitation is also the basis of invesitigpthe
ogy, morphology, behavior, and physiology, makesse evolution of crypsis itself. Processes such adsstasn-
only if the study organism is correctly determirsdhe  vergence, interspecific gene flow, and postglavigration
species level. Some species are, from a human pbint can only be understood using correctly delimiteelcsgs
view, cryptic, which means they are not morpholalfjc  units.

distinguishable using conventional methods&CKBORD & Ants have been considered as difficult to deterraine
al. 2007, &1TH & al. 2008, &IFERT 2009). Their delimita-  the species level €ERT 2007). Within ants, the genus
tion challenges taxonomists and increasingly léadster-  Tetramoriumseems to stand out in this quality, as its taxo-



nomical situation has remained unclear even inréfee
tively well studied Central European areag®ER & al.
2002, &Osz & M ARKO 2004, $HLICK-STEINER & al. 2005,
2006, &IFERT 2007). Species of thEetramorium caes-
pitum complex (formerlyT. caespitund impurumcom-
plex sensu SHLICK-STEINER & al. 2006) inhabit areas up
to 2500 meters above sea level (m a.s.l.) and 6ahdN
include the most widespread and abundasitamorium  least 28Tetramoriumspecies are native to EuropeofB>
ants of Central and Northern Europe. Representatife wIEC 2014); most of these do not belong to Tieéramori-
the complex are found in open, xerothermous habitatum caespituncomplex. The differentiation of complexes
such as dry grasslands, block fields, and urbasaf@ense is not always simple since the traits of morphotagi
forests are avoided, but light pine and oak woodkain characters often overlap. Therefore, the morphogiri-
southern Europe are frequently inhabited. teria for inclusion into th@. caespituntomplex are char-
Before the 2t) century, two still valid species of the acterized in detail here (see Taxonomy, Diagnoktae®
complex were described from Eurofi@tramorium caes- T. caespituntomplex).
pitum (LINNAEUS, 1758) andl. impurum(FOERSTER 1850). Integrative-taxonomy workflow: The study follows
In the first half of the 20 century, multiple neviretra- a coherent protocol for integrative taxonomygK8SICK-
moriumspecies and subspecies hames were assigned (e.§TEINER & al. 2010). As far as possible, data were gen-
EMERY 1925, SNTSCHI 1927, RSZLER 1936, KRATOCH- erated by using the same individuals in all disogsd. In
viL 1941, 1944), but strong delimitation argumentsewer doing so, gasters of workers were cut off for DN e
missing in most cases. Hence, in the following desa  traction, degastered workers mounted for morphdoetr
myrmecologists ignored those nomenclatural changesand males from the same nests dissected for genital
CsHsz & MARKO (2004) found distinct differences between vestigation. Data of CO1, AFLP, male genital morpho

investigated Palearctic type material from the vegghe
Johansen line in Siberia (seBHANSEN 1955) as well as
the type of a species introduced to the Ameridasn-
MigransSANTSCHI, 1927).

Material and methods
Diagnosis of theTetramorium caespitum complex: At

T. caespituns.l. andT. hungaricunROszLER 1935 and
redescribed the latter based on morphological aegisn
After that, the detection of cryptic species byHSICK-

ogy, TM, and GM were analyzed without prior hypo-
theses, that is, in an unsupervised fashion. THgtseof
disciplines were compared and discordance rategehat

STEINER & al. (2006) was based on sequences of the migenetic and morphometric methods determined. The un

tochondrial cytochrome C oxidase subunit | (COINege
traditional morphometrics (TM), male genital morfagy,
and cuticular hydrocarbons. These authors proptised
presence of five further species additionally t@aespitum
T. impurum and T. hungaricumand handled them as
operational taxonomic units labeled A - E. Addiadig,
they labeled six smaller CO1-haplotype (HT) claesce-
forth, CO1 clades) without data of other discipdires UL -
U6. Since then, operational taxonomic unit A hasrbe
newly described ab. alpestreSTEINER, SCHLICK-STEINER

& SEIFERT, 2010 (SEINER & al. 2010) and C redescribed
asT. indocileSANTSCHI, 1927(CsOsz & al. 2014b). Be-
sidesT. tsushimagsee SEINER & al. 2006b), species E
has been shown to be the only species of the conple
troduced to the Americas {8INER & al. 2008).

fied species concept EOQUEIROZ 2007) was used; it de-
fines species as independently evolving metapoipuist
and considers the ability of different disciplingsde-
limit species at different stages of speciationldvang
ideas of WENS & SERVEDIO (2000) and SIFERT (2014),
species delimitation criteria were decisions coesity
thresholds of evolutionary divergence. For the @Bylo-
geny, the multi-rate Poisson Tree Processes meitr.|

& al. 2017) was used to delimit CO1 clades; after-com
parison with other results, these clades wereeteeither
as intraspecific entities or species. For AFLP dBfaPS
(CORANDER & al. 2008) clusters (MLLET 1995) with the
highest marginal likelihood were considered eithein-
traspecific entities or as species, depending orphw
logical findings. Male genital morphology was qtatlvely

In this study, we aimed to delimit the European-spe scanned for distinct trait differences; delimitatierpho-

cies of theTetramorium caespiturmomplex based on
integrative taxonomy. Additionally, we showed tikéage
between operational taxonomic units and type malteri
drew taxonomical consequences, and presentedfidenti
tion keys. Thereby, we provide the basis for retontng
the evolutionary history of the cryptic species pben.
Due to the obvious difficulties in delimiting spesiof the
T. caespituntomplex (8HLICK-STEINER & al. 2006, SEI-
NER & al. 2006a, 8IFERT 2007, SEINER & al. 2010), we
used an in-depth integrative-taxonomy approachagmd
plied genetic and morphological data on a high-dgns

sample from most European regions. We chose mitecho

metric entities were considered to confirm or re[eNA-
based species hypotheses. For morphometric spledies-
tation, Nest-Centroid clusteringgBeRT & al. 2014b) was
used; discordance rates between Nest-Centroidedigt
based and DNA-based species hypotheses were tattula
by pairwise comparisons of species; discordancesrat
< 5% of nests were accepted and considered toroonfi
DNA-based species hypotheses. Discordances beteeen
sults of different data types required evolutionaxplan-
ations. Finally, operational taxonomic units werkéd
to type material and nomenclatural consequencesgndra
Sample: Material of theTetramorium caespiturbom-

drial DNA (CO1 gene), a whole-genome scan (amplifie plex was collected from 31 nations in Europe artd a
fragmentlength polymorphism; AFLP), male genital mor- lesser extent — from Asia and the Americas maimdy b

phology, TM of workers, geometric morphometrics (GM

tween 1992 and 2015, resulting in more than 243 ne

of workers and gyne wings, and thermal niche aa datsamples. The material was stored at -20 °C in 98%-¢e

sources for integrative species delimitation. Woteed
an established protocol to handle cryptic speciete-
grative taxonomy (SHLICK-STEINER & al. 2010). To link
operational taxonomic units with valid species ngjmee
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nol at the Institute of Ecology, University of Irorsick,
Austria (Tab. S1, as digital supplementary matedghis
article, at the journal's web pages). Material migtghe
T. caespituntomplex was used to delimit the species com-



plex within theT. caespitungroup sensu 8LTON (1995)
(see Taxonomy, Diagnosis of thie caespituntomplex).
Only species of th@. caespitunmcomplex occurring in
Europe were considered for detailed analyses. ,Rirst

(1) RNA of the nests 18538 (HT225) and 18535 (1394
both stored in RNAlater (Qiagen) and belonging ©1C
clade U2 sensuc3iLICK-STEINER & al. (2006), was iso-
lated using the Nucleospin RNA Kit (Macherey Nagel,

1113-bp stretch of the CO1 gene of a worker of 1391Duren, Germany). Complementary DNA was synthesized

nests originating from all relevant biogeographregjions
was sequenced (partly published IOHBICK-STEINER &
al. 2006, SEINER & al. 2010, &G6sz & al. 2014b, and

with the RevertAid First Strand cDNA Synthesis Kit
(Thermo Scientific) following the manufacturer'stinc-
tions and using the primer COI1f. The complemenayA

KINZNER & al. 2015). Incomplete CO1 sequences werewas amplified with the primers COI1f and negORCET

not used for phylogenetic reconstruction but fatritbu-

CTT TCA TTT ATA ATA ATA TG-3'. (IV) Based on

tion maps whenever assignment to a CO1 clade was pothe CO1 polyphyly withifTetramorium caespituigsee re-

sible. The rationale for investigating samples urideher,
ideally all, disciplines was to representativelyngde HT
diversity and geographic distribution of CO1 cladds.-
terial of 476, 96, 468, 245, and 81 nests was fmsedlFLP,
male genital morphology, worker TM, worker GM, and
gyne GM, respectively. Additionally to this matéyifor
distribution maps and calculation of thermal nighaso
data published by @&iLICK-STEINER & al. (2006), Neu-
MEYER (2008), WAGNER (2009, 2011a, b, 2012)TSNER

& al. (2010), WAGNER & al. (2010, 2016), BACKO & al.
(2014), and 65sz & al. (2014b) were used, providing that
the species determinations were plausible.

PCR amplification and sequencing of the CO1 gene:
Total genomic DNA of the gasters of one to two versk
per nest was extracted with the GenElute MammaisA
Extraction Kit (Sigma, St. Louis, USA) followingehn-
structions of the manufacturer. A 1280 bp fragnadrihe
COL1 gene was amplified using the primers COI106E
CCC TCT ATT AGA TTA TTA TT-3'; SEINER & al.
2005) and UEA10 (5'-TCC AAT GCA CTA ATC TGC
CAT ATT A-3'; LUNT & al. 1996). Standard PCR was per-
formed using 1 x MyTaq buffer (Bioline, UK), 200 ndf
each primer, 0.25 U MyTaq DNA polymerase (Bioline),

sults), we hypothesized that the Iberian nestdarfecD
sensu SHLICK-STEINER & al. (2006), henceforth Dw,
might have amplified NUMTs. As CO1 clade U2 (belong
ing to T. caespitunaccording to our final species hypo-
theses) occurs in the geographic area neighbofiag t
samples of Dw and likewise belongs td. caespituma
forward-primer specific for the CO1 clade U2, specf,
5'-TCA CTC GGA ATA ATT TAC GCC-3', was devel-
oped. Since some nests of CO1 cladevivere morpho-
metrically similar to and geographically overlappeith
T. impurum we developed also a CO1 forward-primer spe-
cific for T. impurum imp2_specf, 5'-TAC AGC AAT
TCT CCT TCT CC-3'. Extracts of all 23 W-nests were
amplified using these forward primers and UEA1(gsi
Rotor-Gene Probe PCR Master Mix as described in Sec
tion PCR amplification and sequencing of the COtege
Only CO1 HTs without suspicious results in anylafde
four steps were used for the phylogenetic recoattnu;
other sequences were considered as potential NUivid's
thus excluded. Sequences of new CO1 HTs and NUMTs
were deposited in GenBank (Tab. S1).

Phylogenetic reconstruction and species delimitatio
using CO1: For phylogenetic reconstruction, every HT was

0.3% Bovine Serum Albumin (Roche, Switzerland), andused only onceletramorium capitaléMCAREAVEY, 1949)

ca. 50 ng template DNA in a total volume of 10\\hen
the standard PCR failed, reactions were repeatad lisx

(GenBank accession AY641664) was chosen as outgroup
For model selection, PartitionFinder v1.1.AEEAR & al.

RotorGene Probe PCR Master Mix (Qiagen, Germany)2012) was used. TrN + G + |, F81, and GTR + G e

100 nM of each primer, and ca. 50 ng template DNA i
total volume of 10 pl. Reactions were carried ontao
UnoCycler (VWR, USA) with an initial denaturatiot a
95 °C for 3 min, followed by 35 cycles of 95 °C 80 s,
48 °C for 45 s, and 72 °C for 2 min, and 10 mirfiodl
extension at 72 °C. PCR products were purified iy i
cubation with 2 U Exonuclease | and 0.1 U FastA®tb
Thermo Scientific, USA) at 37 °C for 15 min, folled by
an inactivation step at 80 °C for 15 min. PurifRdR pro-

gested for codon positions 1, 2, and 3, respegtivéiese
best-fit partitioning schemes were used for the iktax-
Likelihood (ML) tree reconstruction in Garli v2.@wWICKL
2006). Phylogenetic trees were also reconstructatya
Bayesian approach (MrBayes v3.2.00NQUIST & al.
2012). Here, the alignment was partitioned inte¢hzodon
positions as suggested by PartitionFinder. Twollgarans,
each consisting of four chains, were iterated for B
generations using the algorithm "mixed". The f2586

ducts were Sanger sequenced by a commercial sequeneere discarded as burn-in. The final average standie:

ing facility (Eurofins MWG Operon, Germany) usingth
amplification primers. To eliminate PCR errors, seuces
revealing singleton HTs were verified with an indap
dent PCR.

CO1 alignment and nuclear mitochondrial sequences
(NUMT) detection: Sequences were aligned with the
ClustalW algorithm implemented in MEGAS5.05AMURA
& al. 2011) using default settings. A four-step wftow
to detect nuclear copies of MtDNA (NUMTS; semng &
al. 2008) was applied: (1) Electropherograms were abeéck
for double peaks, translated, and controlled farext
amino acid sequence and premature stop codong (I1)
mitochondrial DNA enrichment protocol AMURA &

viation of split frequencies was still above 0.010(144).
Additional runs using 15 x £Gnd 30 x 1Bgenerations

did not improve the standard deviation of spligfrencies
values (data not shown). Convergence of model para-
meters was checked using Tracer v1.8MBAUT & al.
2014). After resolving polytomies, the resultingdrwas
used for species delimitation based on the muiti-Rois-

son Tree Processes methodvgKi & al. 2017) excluding

the outgroup.

Amplified fragment-length polymorphism (AFLP):
DNA of 508 Tetramoriumworkers (476 of thd. caes-
pitum complex) was used for AFLP genotyping follow-
ing a modified protocol of ¥s & al. (1995), described in

AOTSUKA 1988) was used to check samples of 14 COldetail in WACHTER & al. (2012). Briefly, digestion was

clades of which nests with > 15 workers were avddia

performed with the enzymes EcoRI and Msel; AFLP ad-
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Tab. 1: Acronyms and definitions of the worker itiadal morphometrics characters. For illustraticsee Figures 1 - 6.

o

o

2

Acronym | Definition

CL Maximum cephalic length in median line (Fig. 1)atds carefully tilted to position with true maximyexcavtions
of occiptt and / or clypeus reduce CL. Peaks due to sculptterggnored and only valleys are conside

Cs Arithmetic mean of CL and C\

Cw Maximum cephalic width across eyes (Fig

dAN Minimum distance between antennal fossae (Fignggsured in dorscontal view

EL Maximum diameter of one eye. All structurally defthommatidia, pigmented or not, are included (E)

EW Minimum diameter of one eye. All structurally defthommatidia, pigmented or not, are included (E)¢

EYE Arithmetic mean oEL and EW

FL Maximum distance between external margins of fidotaes (Fig. 1). If this distance is not definesthuse frontal «i-
nae constantly converge frontad, FL is measureeR& level (definition of FRS seeBERT 2003) as distance be-
tweer the outer margins of frontal carin

HFL Length of hind femur in dorsal view (Fig. 3). Seddnochanter, which could appear to be portionesfidir, must nc
be mistakenly include

MC1TG | Quantification of stickme-like or reticulate microsculpture ts on base of* gastral tergite (use > 150 x nnifica-
tion; Fig. 4): Number of connected lines buildingts and being separated by line intersectionsognitections angle
> 10° is counted. Also very short lines are fulliats. Arithmetic mearof at least three units per worker are ta

ML Mesosoma length measured in dorsal view from cauakt!portion of propodeum to dorsofrontal corngproinctal slope
(i.e., where coarsely structured dorsal shield sméeely structured pronotal neck; Fig. 5); equérdlmeasuring als
possible in lateral viey

MPPL Distance between most anteroventral point of meteipph and most dorsocaudal point of propodeal iobateral viev
(Fig. 6). If there are two points coming into qu@stto be dorsocaudalmost point on propodeal Ite one which i
provided with a carina is take

MPSF Distance between most anterioventral point of &taretapleuron and distalmost point of propodealesfit does no
need to be uppermost point of spine; Fig

MPST Distance between most anterioventral point of metapn and center of propodeal stigma (Fig

MtpW Maximum metapleuron width measured in dorsal viBig.(5). (In most cases, maximum is at caudal arfdw case:
at central or frontal region of rtapleuron.

MW Maximum mesosoma width (Fig.

PEF Petiole height. Measured from uppermost point afcewe ventral margin to node top (Fig.

PEL Petiole length. Measured in lateral view from ceofepetiolar stigma to caudal margin of petioleth measuring poin
on same focal level; Fig. |

PEW Maximum petiole width (Fig. £

PLSF Distance between most dorsocaudal point of progddba (if there are two points coming into questio be dors-
caudalmost point of propodeal lobe, the one wisghrovided with a carina is taken) and distalmaéttpof propodeal
spine (it does not need to be uppermost pointiokesfrig. 6).

PLST Distance between most dorsocaudal point of proddolea and center of propodeal stigma (Fig

PnHL Lengh of hair at frontolateral corner of pronotum (F&). Take longest hair of both sic

PoO« Postocular distance. Using cr-scaled ocular micrometer, head is adjusted to mieasposition of CL; caudal meur-
ing point: median posterior margin of head, mictdgture peaks are ignored and valleys are congigdéental meas
uring point: median head crossing line betweengy@steye margins (Fig. :

POTCo: | Number of postocu-temporal costae and costulae (Fig. 2). With healitral view an longitudinal axis of hea
adjusted horizontally, counted by focussing aloegppndicular line from caudalmost point of eye ddwmunderside
of head. Costae / costulae just touching measuniregdre counted as 0.5, those positioned just mtralemargin of
head silhouette are not counted. Arithmetic meawotti side:

PP Maximum postpetiole height (Fig.

PPL Postpetiole length; distance from center of pogifgetstigma to caudalmost intersection point afite and sternite (bh
measuring poits at same focal level; Fig.

Pps: Maximum height of smooth and shiny area on lateidé of propodeum (Fig. 6). This area is brougtd insual plane
a line is positioned perpendicular to main costa@mpodeum and maximum height of smooth and stieg without
any costulae and costae is measured. Take arithmetins of both side

PPW Maximum postpetiole width (Fig. *

PreO: Preocular distance in lateral view. Measured asnmim distance between anterior eye margin and dhamgal magin
of gena (Fig. 2

RTI Distance between tops of ridges between antensabhéand clypeus (Fig. 1). Tops are defined aflorsalmost
points of ridges, provided with a costa on clypédsasured in dorsoanterior vie

SLd Maximum scape length, incding scape lobe, excluding articular condyle (Big

SPS” Distance between distalmost point of propodealesgindoes not need to be uppermost point of spanel) center o
propodeal stigma (Fig. ¢

SPW Maximum distance between outer margins ©opodeal spines (Fig. 5). Measured in dorsoantei@w.
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Figs. 1 - 6: Measurement lines for the morphomathiaracters: (1) CL, CW, dAN, FL, PoOc, RTI, anddS(2) EL,
EW, and PreOc; including an artificial line for theeristic character POTCos, as well as a hindHerposition of c-
shaped, crinkly, or sinuous hairs (arrow); (3) HF4L) Meristic character MC1TG. In this example, M@ = 18; (5):

ML, MtpW, MW, PEW, PPW, and SPWI; (6) MPPL, MPSPPBIT, PEH, PEL, PLSP, PLST, PnHL, PPH, PPL, Ppss,
and SPST.
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aptors were ligated simultaneously. Preselectivglifioa- flexible light ducts combined with a Leica coaxpalarized-
tion was carried out with the primers Eco-N and Mse  light illuminator was used.
Selective amplification was performed using the fivimer Morphometric data of 968 workers from 468 nestsewer
combinations tEco-AA / Mse-CAA, tEco-AA / Mse-CTA, collected (on average, 2.1 workers per nest). B@rahd
tEco-AA / Mse-CTT, tEco-AC / Mse-CTA, and tEco-TG 237 of these individuals also CO1 and AFLP data, re
/ Mse-CTA incorporating FAM / NED / PET labels by a spectively, were available (min. one worker pethé&¥e
M13-tail method. Plate position of samples was elmos defined 33 characters (Tab. 1; Figs. 1 - 6); 26hefm
randomly. As quality control, two kinds of replicagre  followed STEINER & al. (2006), &IFERT (2007), and &sz
used: (I) Preselective amplicon of four workers was & al. (2014b), and seven (dAN, HFL, MC1TG, MtpW,
cluded on each 96-well plate used in the seled@&® PPL, Ppss) were new. Twenty-nine characters were co
("fixed replicas"). (Il) DNA of eight randomly ches work-  lected morphometrically, MC1TG and POTCos meristica
ers per plate was replicated on another positiothef ly; CS and EYE were arithmetic means of other attara.
same plate already in the digestion-ligation-stppifwise Nest-Centroid clustering €¥ERT & al. 2014b) was
replicas"). Capillary electrophoresis was perforrbgda  used as unsupervised approach to establish mogitalo
commercial sequencing facility (Comprehensive Cance species hypotheses independent from genetic datg us
Center DNA Sequencing & Genotyping Facility, Univer R v3.0.1 and the packages MASS, ecodist, cluster, p
sity of Chicago, USA) on an ABI 3730 sequencer (Ap- stringr, and scatterplot3d (REDELOPMENT CORE TEAM
plied Biosystems). Trace files were converted tmo@m  2012). The hierarchical Nest-Centroid-Ward clustgivas
separated tables using PeakScanner v1.0 (Appliesy8i  run first to build a species hypothesis. Afterwanosn-
tems) and scored automatically using optiFLP v{&4r- hierarchical Nest-Centroid-means clustering was per-
HOFER & al. 2011) with the same parameter space as iformed with the number of classes suggested by-Nest
ARTHOFER& al. (2013: tab. 1). The quality of individual Centroid-Ward. For a final evaluation, to minimite
AFLP profiles was assessed in tinyFLP v1.4&({AOFER  number of mismatches, only pairwise species cormpasi
2010). Profiles falling into the f{percentile of peak count were used (Fig. 7). To assigh samples to speaies, the
in more than one primer set were considered ofdaa~ DNA-based species hypotheses were followed, that is
lity and excluded from further analysis. For eacimer most cases, the AFLP results. Since AFLP data mof te
set, a Neighbor Joining (NJ) tree was constructéd w small CO1 clades containing one or two HTs were-mis
optiFLP, and tree topologies were compared as tigne sing, we usually assigned them to neighboring ddtle
DeJaco & al. (2016); samples grouping into more than no conflict with other disciplines was obvious.daing
three NJ clades were excluded. so, we aimed to avoid oversplitting. In CO1 clade Te-
Bayesian clustering was performed using BAPS v5.3tramorium breviscapysee Results and discussion) only,
(CORANDER & al. 2008). First, the "clustering of indivi- the clade itself represented the DNA-based spéwips-
duals" option was executed with K = [1; 30] andaalier  theses due to obvious morphologic differences afhie
parameters in default. The results were pipeliméolthe  boring clades. Nests concordantly classified bytNes
clustering-based admixture analysis using minimapup  Centroid-Ward and Nest-CentrokHmeans were fixed as
lation size = 3, 500 iterations, 50 reference imtligls, and  either hypothesis "1" or "2", while discordantlassified
50 iterations for reference individuals. nests were used as wild cards ("0"). The specips-hy
Male genital morphology: We qualitatively investi-  theses formed by this procedure were used in quoafir
gated male genital morphology of 96 males (Tab. S1)tive linear discriminant analyses (LDA) on the lbwé
Mounted genitals were used for z-stack imaging wi#6  workers using the method "stepwise selection" lacte
APO macroscope (Leica, Wetzlar, Germany) providing ing characters, performed with the software pacl&gsS
magnification of 72 x, a Leica DFC 420 camera, lagida  Statistics v21 (IBM, USA) as follows: In a firstegt, fol-
Application Suite v3.6. Final images were compostti lowing SEIFERT & al. (2014b), consistently classified nests
Helicon Focus v5.1 (Helicon Soft Ltd., Charkow, Bike).  and wild cards of Nest-Centroid-Ward and Nest-Gedr
Representative images were used to draw anatofigeal K-means with P > 0.66 belonging to either hypothesis
ures (Fig. S1, as digital supplementary materighiwar-  "1" or "2" were fixed as new calibration set, whdé
ticle, at the journal's web pages). Terminologyhef con-  cases with K 0.66 were set as wild cards. In a second
sidered structure, the parameres, follovs IINGWOOD LDA, cases with P > 0.58 were hypothesis-fixed tird
(1979). Interspecific differences of male genitairphol- LDA also cases > 0.5, so that finally no unassigcese
ogy allowed a qualitative assessment in most cases. remained. Then, species-pair-wise discordance kates

Traditional morphometrics (TM) of workers: Dis- tween the Nest-Centroid-clustering-based hypothasds
sected gasters of workers were used for DNA extnact the DNA-based species hypotheses were calculated.
the degastered bodies were mounted for morphonaetac Geometric morphometrics (GM) of workers and

lyses. Measurements were made using a Leica M165 @ynes:In 485 workers, we analyzed two-dimensional im-
high-performance stereomicroscope with magnificegiof

120 - 360 x. Workers were positioned on a pin-haidi

stage permitting spatial adjustment in all direcsioMeas-  Fig. 7. Example of Nest-Centroid clustering: COades
urements always referred to cuticular surface astcpn-  caespitumB, U1, U2, and D_w (Fetramorium caespi-
bescence surface. A cross-scaled ocular micrométier ~ tum) build the upper Nest-Centroid cluster (green)eD_
120 graduation marks ranging over 52% of the vifiall (= T. staerckesp.rev.) the lower one (red). One nest of
was used. Its measuring line was continuously kepér-  each hypothesized species with discordance betiasén
tical position to avoid parallax error E8ERT 2002). A  based and Nest-Centroid-clustering-based species-hy
Schott KL 1500 LCD cold-light source equipped witlo ~ theses (see arrows).

100



16747AU-caes

Tl U-|
17362EZ~caes
1600FR-U;
232811

i738BU-I
11328W-ca
654AM-

2B

PN S
SR D Do
T N
SRR ST 83
A
[ =
&4 =

Gy e
Po oS T
LS 2L
S8

ey
23
g
=4
=

=
=
S
S
Sof

S,
BRE;
T
0

28 S3ss
DO B,
TR TTIS
0 $000

sssshSsss

NG B!

s
SN
PPED

TTILIT
OO
555

_ NSRS
o
h

= 23
=3
SR
R
3 Daowiung
REsss=s

2= NI
<&
S

DR -,
SHEISEES oo
T

F e
T DT
=i

e T e T
LRSS

=P
o2
=%

DS
=
==
T
3

T
'o'0o 000 =t

252.=3-23
RESEERSAS
TPTLLPLDT,
i

DSBS

2D R R R

4
0%
ZITLTT

SRWIND
S8R
SRS

B
2E;
TTo

0

PO

!
5
5

Sy
3
%

=
TT
)
2ol

T
o
)

Height 20 / /

40

//

//

//

//

101



Fig. 8: Position of landmarks on head, frontal viély Median point of posterior margin of head; #feromedian point
of clypeus; (3, 5) caudal margins of eyes; (4,r6htal margins of eyes; (7, 8) deepest points téramal fossae; (9, 10)
fusion points of margins of frontal lobe and arderidges of antennal fossae.

Fig. 9: Position of landmarks on mesosoma, dorgal.v(1) Dorsofrontal corner of pronotal slope .(ix@here coarsely
structured dorsal shield meets finely structurezhptal neck); (2, 3) bases of setae frontolatevahers of pronotum;
(4, 5) tips of propodeal spines; (6, 7) posteiijos bf metapleural glands; (8, 9) posterior tipgpdfpodeal lobes; (10, 11)
anterior margins of propodeal spiracles (includiradl); (12, 13) posterior margins of propodeal aplies (including wall).

Fig. 10: Position of landmarks on mesosoma, latéeal. (1) Dorsofrontal corner of pronotal slope (i where coarsely
structured dorsal shield meets finely structurezhptal neck); (2) dorsal depression at border cdanetum and pro-
podeum; (3) tip of propodeal spine; (4) dorsocawkaleme of propodeal lobe; (5) meeting point oftpdor margins
of propodeal lobe and metapleural gland openingyédtral notch between metapleuron and mesoplefrventral
opening of the suture between pronotum and anepitete(8) fusing of pronotum, mesonotum and artepiste (i.e.,
point where the suture between pronotum and amepist is crossed by the first horizontal ruga®); denter of pro-
podeal spiracle.

Fig. 11: Position of landmarks on gyne forewing$.Junction otu-aandA, distal edge; (2) junction @lu-aand1M + Cu,
distal edge; (3) junction dfM and1Cuy, distal edge; (4) junction eh-cuand1Cu, basal edge; (5) junction af-cuand
2-3RS distal edge; (6) junction &®S + Mand1RS distal edge; (7) junction &® and1RS basal edge; (8) junction &f
and pterostigma; (9) junction of pterostigma @i, (10) junction of2r-rs and2-3RS basal edge; (11) junction 4RS
andrs-m, distal edge; (12) notch of anal fold.

ages of head in frontal view (Fig. 8), mesosomdarsal
view (Fig. 9), and mesosoma in lateral view (Fig).1
Pinned dried specimens were put in identical posti

Shape variation of the forewings was analyzed & 14
gynes (Fig. 11). To allow analyses of directionad dluc-
tuating asymmetry, both forewings were detachedfro

using a goniometer. Approximately 15 - 20 imagesewe the specimen and placed between slides. One ofitigs

taken in different focal planes (distance 10 - 29) with

(when available, the right one) was photographedfr

a Leica DFC420 camera attached to a Leica Z6 APChe dorsal and ventral side, the other only fromndhrsal

macroscope. Images were stacked using the softielire
con Focus v5.1. In frontal view of the head, theuf®
was on the frontal ridge of the antennal fossa.nTihe
head was tilted until the posterior margin was maxn
focused (at ergotubus magnification of 2.0). Ldtera
entation was achieved by adjusting the frontal eigg
the eyes in one focal plane (at ergotubus magtidicaf
3.6; Fig. 8). Mesosoma was adjusted in dorsal wigth
two anterior and two posterior reference point$oical
plane (i.e., at same horizontal level). The anterider-
ence points were the bases of setae on the fraatala

side. To reduce measurement error, Procrustesinated
across replicates were averaged. Otherwise, timmitssd
procedure and equipment were the same as for veorker
We used tpsDig2 v2.22 @RiLF 2015) to digitize land-
marks: 10 landmarks in head frontal (Fig. 8), 13@so-
soma dorsal (Fig. 9), 9 in mesosoma lateral (F)y, &nd
12 in gyne wings (Fig. 11). The nomenclature ofhgei
follows PERFILIEVA (2015). If not indicated otherwise,
Procrustes superimposition and all subsequent sealy
were performed with MorphoJ v1.06d (IKGENBERG
2011). Head frontal and mesosoma dorsal were syremet

corners of pronotum. The posterior reference was th structures; corresponding landmarks were set atdides

horizontal portion of the upper margin of propodebkes
just before they ascend to subspinal excavatiangfrad-
justment at ergotubus magnification of 2.0, fingiatinent
at ergotubus magnification of 3.6) (Fig. 9). Mesnsovas
adjusted in lateral view with the tips of the prdpal spines
exactly super-imposegFig. 10).
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of the symmetry axis and analyzed with the methafds
object symmetry (KINGENBERG & al. 2002). Only the
symmetric component of variation was used in therdo
stream analyses.

For error assessment of the worker dataset, we took
two images of mesosoma lateral per specimen imgplsa



of 32 workers (16 from each of two putative species
tramorium alpestreand T. immigran$ and digitized the
landmarks twice. Procrustes ANOVA (KIGENBERG &
al. 2002) was used to quantify the measurement @rro
relation to biological factors as follows: As thmdging
error was 1.54 times greater than the digitizimgprerand
variation among individuals was 11.37 times grettan
imaging error (Tab. S2), measurement error wasidens
ered negligible. Similarly, Procrustes ANOVA of thgne
forewing dataset showed that the most subtle bioédg
aspect, that is, fluctuating asymmetry, was > 5em
greater than the error from imaging the wings frdon-
sal and ventral side (Tab. S3).

The datasets of the workers were significantlyciéfeé
by allometry. Centroid size accounted for 5.8%%¢l.4nd
3.4% of the shape variation in head frontal, mesastat-
eral and mesosoma dorsal, respectively (multivaniat
gression of shape on size, all p < 0.001). To obrir
allometric effects, regression residuals were imdrbe-
quently. Since allometries may differ across sygegeoled
within-group regression for specific size correafiovas
used. Allometry was not significant in gyne foreggn(1.1%
predicted, p = 0.11).

six taxa could not be excluded from conspecifieifyh
European species of tHetramorium caespiturmomplex
based on qualitative morphological and geograplécal
guments (details in Taxonomy), it was investigatemt-
phometrically:T. caespitunvar. immigransSANTSCHI,
1927;T. semilaevear. kutteri SANTSCHI, 1927;T. staerckei
KRATOCHVIL, 1944;T. caespitunvar. fusciclavaCoONSANI
& ZANGHERI, 1952;T. goniommoidd>oLDI, 1979;T. pe-
lagiumMEl, 1995. After species delimitation, worker types
belonging to thel. caespituncomplex were set as wild
cards in an LDA including all morphometric dataté
complex.

Results and discussion

Cytochrome C oxidase subunit | (CO1) geneSequences
of 1257 nests yielded complete data, that is, 1433
Furthermore, sequences of 134 nests containedngissi
data but allowed assignment to CO1 clades. All 4i89
gleton HTs were confirmed by sequencing an indegend
PCR reaction. Our four-step NUMT check led to the i
terpretation that three of 386 HTs, that is, HTH8330,
and HT388, were NUMTSs. In detail, (I) reviewing ele-
pherograms, we found distinct double peaks in theses:

A combination of relative warp analysis and LDA was Firstly, in HT36, belonging to CO1 clade ® and already

used (following B\GHERIAN YAzDI & al. 2012) to com-
pare the performance of GM with TM in cryptic speci
delineation. Relative warps (with no weighting with
spect to bending energy) were calculated as pahcipm-
ponents of Procrustes coordinates (gyne wingsggnes-
sion residuals of Procrustes coordinates (headafl;ame-
sosoma dorsal, mesosoma lateral). The relative svafrp
the three datasets of the workers were combinedsin-
gle matrix (cf. B\GHERIAN YAZDI & al. 2012). This matrix
was the input for unsupervised Nest-Centroid chisge

published by BHLICK-STEINER & al. (2006). In this study,
HT36 contained overlaid peaks with HTs of CO1 clade
impurumw six times (for species affiliation of CO1 clades,
see Figs. 12 - 14). Secondly, HT330 contained aicrl
peaks identical with HT52 of clade B senstHBICK-
STEINER & al. (2006). Thirdly, HT388 contained overlaid
peaks ofimpurum e (Tab. S1). (ll) After mitochondrial-
DNA enrichment, electropherograms showed a relakdse
crease of peaks belonging to HT36, HT330, and HT388
as well as a relative prominence of those belonging

(SEIFERT & al. 2014b), as described for TM. The datasetimpurum w, B, andimpurum e sequences. In contrast,

of the gyne wings was analyzed separately.
Reanalyzed linear discriminant analysis (LDA) of
morphometric data: After development of final species
hypotheses by the integrative-taxonomy approatheats
were reanalyzed in a supervised approach usingaime
data as for Nest-Centroid clustering of worker Wiyker

there was no change in electropherograms of CQiesla
alpestre caespitumindocile B, D_e, E, H, I, J, U5, and
two remaining nests of Ow. (lll) The complementary-
DNA PCR of workers from nests 18535 and 18538 (Tab.
S1), belonging to CO1 clade U2 T= caespitunin final
species hypotheses), showed identical HTs as émalst

GM, and gyne GM. SPSS Statistics v21 was usedno peard PCR, that is, HT439 and HT225, respectively) (I

form the LDAs. To avoid overfitting, the number iaf

dividuals of each group had to be at least threedgi
larger than the number of charactersofpgr & al. 2007
and references therein).

Thermal niches: Standard air temperature (TAS) in
°C of sampling sites two meters above ground weeglu
as a rough approximation of ecological nicheg{SER &
al. 2010, &IFERT & al. 2014a). Following SIFERT &

The use of U2 aniinpurum w specific primers on all ex-
tracts of Dw samples yielded neither U2 riarpurum w
sequences. Summarizing these results, we founermead

in the first and second step of our assessmentHhas
(D_w), HT330, and HT388 are NUMTSs, and no indica-
tion for further NUMTSs in the other steps. Hentw align-
ment comprised 383 HTs. While two NUMTs represent
only HTs of their clades, HT36 is a NUMT clusteringsal

PANNIER (2007), TAS was calculated as mean air tem-in the CO1 clade Dwv. Sequences retrieved from the same

perature from 1 May to 31 August of the neareseehr
meteorological stations of the years 1961 to 1990iged
by Klimaabteilung der Zentralanstalt fir Meteordg

nests resembled HT36 when whole DNA was extracted
but five other HTs when extracts enriched for ntiima-
drial DNA were used. This finding is in line witlhe

und Geodynamik (1996). Values were corrected for arhigher mutation rate of mitochondrial DNA compared

altitudinal temperature decrease of 0.661 °C pérrh0
TAS = -0.694 * LAT + 0.078 * LON - 0.00661 * ALT +
52.20, where LAT = latitude, LON = longitude, and A
= altitude. TAS was not used in an unsupervisedcgmh
for species delimitation but to explore ecologiddfer-
ences in reanalyses. TAS values were tested famiepe
specific differences using SPSS Statistics v21.

Type material: Since type material of the following

with NUMTs, and HT36 can be seen as an ancesttd st
from which the current diversity of mitochondriaNB

in D_w evolved (lorPez& al. 1997, HhAAG-LIAUTARD &
al. 2008, Fh\zkANI-Covo & al. 2010).

Multi-rate Poisson Tree Processes yielded 30 CO1
clades (Figs. 12, 14; for details, see Tabs. S}, &n-
pared with other established tree-based delimitatieth-
ods, multi-rate Poisson Tree Processes seemslasbe
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Fig. 12: Cytochrome C oxidase subunit | gene (Q@djogeny and species estimation using multi-raisg®n Tree Pro-
cesses (30 white and grey bars), amplified fragrrergth polymorphism BAPS clusters, and male gemitatphology
of species. Labels refer to former entity namesH(8-K-STEINER & al. 2006, SEINER & al. 2010, G6sz & al. 2014b)
and entities first delimited here (I, J, ifhpurum_e, impurum w) as well as final species hypotheses newly estadd
here following equal signs. The final species hiipeés drawn here match in color those of Figurd8,7and 14. AFLP
data for | =breviscapusp.n. as well as male genital data forT.=breviscapusp.n. and J ¥. fusciclavastat.n. are not
available.

prone to oversplitting (also in the present casg¢adhot HTs (caespiturg, B2, D wl, D_w2, indocile2, hungari-
shown) but, in such cases of clades consistingof few  cun®, impurume?2 - e7) were split off other clades. Since
HTs, still seems to tend towards it. Most of thelswles  the latter represent no taxonomic units based erintie-
were already recovered bgi 8 ICK-STEINER & al. (2006).  grative taxonomic approach (see Integrative-taxgnam
However, four CO1 clades are new (H, I, J, amgu- proach), we mostly treat these twelve clades utiasr
rum_w), and twelve small clades consisting of one ar tw earlier, more inclusive clade names.
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indocile

impurum

Fig. 13: Geographic distribution detramorium alpestrerl. caespitumT. hungaricumT. breviscapusp.n.,T. indocile
T. caucasicunsp.n.,T. fusciclavastat.n.,T. staerckesp.rev.,T. impurum andT. immigransstat.n.
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Fig. 14: Summarized results from all discovery apphes and reanalyses after evolutionary interjowatand delimi-
tation of final species hypotheses. Former entitsnes are shown atop; filled color bars in the uastiped discovery
approaches reflect results matching the formetyeltnits. Blank bars reflect different groupingadso blank bars con-
nected with lines group together. Final speciesottygses drawn from our integrative-taxonomy apgraae shown
underneath in colored bars matching colors in FEguf, 12 and 13. Supervised reanalyses are iledtizelow; filled
color bars reflect significant and blank bars ngnsicant results. Numbers of species delimitedeblasn a data source
are to the right.

Amplified fragment-length polymorphism (AFLP): (n = 3); because the latter morphology was alsadan
After quality checks, 269 workers profiles remain€dese  11% ofcaespitum(n = 17), we were not able to delimit
belonged to 20 of the 30 COL1 clades; for ten clagi@sh  these two based on male genital morphology.
consisting of one or two HTs (Tab. S4), no AFLPadat Traditional and geometric morphometrics (TM,
were available. After concatenation of the fivenmt sets, GM): Nest-Centroid clustering had discordance rates <
the final binary matrix contained 890 loci. BAP Sdi- 5% in 78%, 71%, and 60% of hypothesized pairwise sp
fied ten well-separated AFLP clusters (Fig. 12; T86).  cies comparisons of worker TM (n = 55, mean diseord
Several instances of mitochondrial-nuclear discocga ance rate 2.7%), worker GM (n = 28, mean discordanc
were found, which are discussed under Integratixesi-  rate 4.7%), and gyne GM (n = 10, mean discordaatee r
omy approach. 7.7%; Tab. 2; raw data in Tabs. S6 - 8), respelgtiviche

Male genital morphology: We found two different  worker TM data yielded the strongest support of2NA-
basic forms of paramere structure (for specifiadgbf based species hypotheses. The discordance rateslof
male genital morphology, see Taxonoryeatmentof er GM data were mostly equal to or higher than h T
species and Key to males of tihetramorium caespitum (Tab. 2). Compared with worker TM and GM, gyne GM
complex), theimpurumlike form (incl. AFLP clusters data yielded higher discordance rates; howevemniat
alpestre U5, D_e,impurum e, andmpurum w; for spe-  tion of alpestre/ caespitumalpestre/ impurum e, and
cies affiliation of CO1 clades, see Figs. 12 - 4l the  alpestre/ impurum w was morphometrically supported by
caespiturrike form (incl. AFLP clustergaespitum(incl. gyne GM only (Tab. 2; for species affiliation of CO
U1, U2, B, and Dw), hungaricum indocile, and E). clades, see Figs. 12, 14). Discordance rates vaoesss
Within theimpurumlike form, AFLP clusters U5 (n =2 hypothesized species: While data of the morphotilyic
nests)alpestre(n = 18), D e (n = 3), andmpurumw / hypothesized specidsingaricum 1, J, D_e, and E con-
impurum_e (n = 20) exhibited distinct differences. How- formed largely with DNA-based species hypotheakms-
ever, AFLP clusterampurum w andimpurum e differed  tre, caespitumindocile, U5, impurumw, andimpurum e
in only 83% of males (n = 18): Visible in laterdew, provided several times discordance rates > 5% (Zab.
ventral paramere lobe impurumw was typically more  Our discordance rates were distinctly higher thihér-
rounded, whildmpurum e had a slightly pronounced cor- ror rates of other studies on myrmicine ants(& & al.
ner on dorsal end of ventral paramere lobe (Fig. Bl  2014a, 2015, SFERT & al. 2014a, 8IFERT & CsOsz
the caespiturdike form, AFLP clustergaespitunt hun- 2015, &Osz & FISHER 2016). High level of crypsis, that
garicum (n = 20),indocile (n = 4), and E (n = 8) ex- s, interspecific similarity, and intraspecific iadility, might
hibited distinct differences. AFLP clusteangaricumtypi- cause high discordance rates. However, additiorially
cally had a truncated end of ventral lobe in vdntrew morphometric data, here we have a DNA-based backdro
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Tab. 2: Discordance rates between Nest-centrostaring and DNA-based species hypotheses for paraompari-
sons [%].n = number of nests,= number of individuals. Values in the first roweadch species show results of worker
traditional morphometric data, in the second rowofker geometric morphometric (GM) data, in thiedtmow of gyne
GM data. Missing data are indicated by "-". Valges% in bold.

alpestre |caespitum |hungaricum |breviscapus (indocile |caucascum |fusciclava |staerckel |impurum |impurum [immigrans | Mean
(G EU5 9 (=De) |e w =B
n/i 731146 |145/294 |23 /51 3/15 34/89 [10/32 17/34 |41/81 |50/100 (28/56 |40/84
48/97 | 87/170| — /- -/- 26/52 | /- 12/24 |24/48 |16/31 8/16 (2447
12/ 3¢ 42170 | -/- -/- -/- -/- -/- -/- 11/ 1¢ 6/€ 6/1¢
alpestre
caespitum |6.0
19.7
3.7
hungari- |1.C 1.€
cum - -
brevisca- |1.2 0.7 0.C
pus(=1) |- - -
indocile (7.8 8.0 1kt 0.C
8.1 8.0 - -
caucas- |15.7 9.9 0.C 0.C 5.7
cum (= U5)|— - - - -
fusciclava |0.C 0.C 0.C 0.C 0.C 0.C
=J) 0.0 0.0 - - 0.0 -
staerckel |1.€ 0.t 0.C 0.C 0.C 2. 0.C
(=D_e) 0.0 18 - - 4.0 - 0.0
impurum |11.9 4.8 0.C 1.¢ 2.2 6.7 0.C 0.C
_e 9.4 11.4 - - 11.8 - 0.0 0.0
0.0 5.7 - - - - - -
impurum |15.8 3.2 0.C 0.C 2.8 7.9 0.C 14 16.7
W 1.8 2.4 - - 11.9 - 0.0 0.0 25.0
0.0 4.2 - - - - - - 35.¢
immigrans |0.C 1.1 0.C 0.C 0.C 6.0 0.C 0.C 0.C 1k 2.7
(=E) 2.8 45 - - 2.0 - 2.8 4.2 0.0 0.0 4.7
111 16.7 - - - - - - 0.0 0.0 7.1

to justify species delimitations (see Integratisgemmomy  cies hypothesis well. Differentiation from all othepecies
approach). The species of thetramorium caespitum based on male genital morphology was possible (Fg.
complex could represent more pronounced morphabgic Fig. S1: 1 - 4). As CO1 clade U3 weakly affiliatedthe
crypsis than most other ants analyzed. T. alpestreAFLP cluster (Tab. S5), we consider U3 as an

Integrative-taxonomy approach: Based on the inte- isolated southern relict populationbfalpestre However,
grative-taxonomy approach combining CO1, AFLP, malethe status remains tentative as we lack males afifidis
genital morphology, and Nest-Centroid-clusterintadiigs.  ent nest records to establish a solid backgrounthfge-
12 - 14), we present arguments for delimiting teecies,  scale morphometric investigation. Discordance betwe
that is, Tetramorium alpestr€el. caespitunil. hungaricum  Nest-Centroid-clustering and DNA-based species thgso
T.sp. I, T. indocile T. sp. U5,T. sp. J,T.sp. De, T. ses (discordance rate > 5%) was recorded for atpeo-
impurum andT. sp. E (for the final species names, seeisons ofT. alpestrewith T. indocileandT. sp. U5 (Tab. 2),
Figs. 12 - 14). For one outlier nest, we also abersthe  confirming thatT. alpestreis one of the most cryptic spe-
results for thermal niches (see Thermal niches)fades  cies of the complex. However, CO1, AFLP, and male-g
on arguments relevant for species delimitation@nsduss ital morphology data support the species statuspitk
discordant results. extreme morphological worker similarity.

(1) Tetramorium alpestre All workers ex- (2) Tetramorium caespitumAFLP clusters
cept one of the CO1 claddpestregrouped in one AFLP  suggested conspecificity of CO1 cladegespiturit, B1,
cluster (Fig. 12). The only outlier (i70) affiliatevith the U1, U2, and Dw1 (Fig. 12). Three CO1 clades constisting
AFLP cluster ofT. caespitun{Tabs. S1, S5), while it Nest- of only one or two HTs eacltdespiturg, B2, and D w2)
Centroid-clustered witfT. alpestre Since also ecology yielded no AFLP and male genital results, howelbased
data (TAS = 8.9 °C, see Thermal niches, Tab. 4)ewer on nest-Centroid clustering they belongTtocaespitum
typical for T. alpestre we suppose a pipetting error during Male genital morphology did not differ between C&ddes
AFLP data generation and treat this nesT aalpestre caespituni, B1, Ul, U2, and Dwl (Fig. S1: 5 - 8).
Also AFLP data of Iberian and French nests (n =iai8; Nest-Centroid clustering provided discordance ratitis
STEINER & al. (2010) labeled with "?") matched this spe- DNA-based species hyphotheses > 5% witlindocile
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andT. sp. U5 in all applied morphometric methods; this  (9) Tetramoriumimpurum:. AFLP clusters
weakness does not challenge species status anttave i  suggested conspecificity of CO1 clad®purum w and H
pret it as extreme morphological crypdistramorium caes- as well agmpurum_el - e4, respectively (Fig. 12, Tabs.
pitumis polyphyletic in CO1 (Fig. 12): CO1 cladeses-  S4, S5); also Nest-Centroid clustering supportditieaf
pituml, caespiturl, and U1 were closer relateddipestre  tion of these CO1 clades 1o impurum Four CO1 clades
than to U2 and B. CO1 clades W1 and D w2 were not  consisting of only one or two HT&r{purume5 - 7, U6)
close to all other CO1 cladesBf caespitumbut to those  yielded no AFLP and male genital results; basedtlest-
of T. sp. J and’. sp. D_e. We identified evolutionary ex- Centroid clustering, they belong most likelyTtoimpurum
planations for this CO1 polyphyly (see Reasongriito- However, the affiliation of some Greek and Anatoligests
chondrial-nuclear discordances). is difficult. Here, we consider them as southetittr@op-
(3) Tetramorium hungaricumAFLP clus- ulations ofT. impurum Male genital morphology of.
ters and discordance rates between Nest-Centnostect  impurumwas different from all other species of the com-
ing and DNA-based species hypotheses suggestepezons plex (Fig. 12, Fig. S1: 25 - 31), discordance rétesveen
cificity of CO1 cladeshungaricuni and U4 (Fig. 12, Nest-Centroid clustering and DNA-based species hypo
Tab. 2, Tab. S5). CO1 cladwingaricun? consisting of  theses separatdd impurumfrom all species excefit sp.
only one HT yielded no AFLP and male genital result U5. The two main CO1 clades @f impurum that is,
however, based on Nest-Centroid clustering, it bgéo impurumw (incl. H) andimpurumel - 4, had separate
to T. hungaricum Distinct male genital morphology dif- AFLP clusters (Fig. 12, Tab. S5). However, no disti
ferences fronT. caespitunwere not found (Fig. S1: 9 difference in male genital morphology (error ra#®d)
- 12). and high discordance rates between DNA-based astd Ne
(4) Tetramoriumsp. |: The CO1 clade was a Centroid clustering-based species-hypotheses werelf
supported monophylum (Fig. 12). AFLP and male g&nit (Tab. 2). To avoid oversplitting @RSTENS & al. 2013),
data were lacking. Nest-Centroid clustering allowezhfe  we set aside describimgpurum w as new species. Hence-

delimitation from all other taxa (Tab. 2). forth, we term intraspecific units @f. impurumeastern
(5) Tetramorium indocile All workers of  and western clade.
CO1 cladeandocilel coincided in one AFLP cluster (Fig. (10) Tetramoriumsp. E: All nests except one

12); male genital morphology showed the same patter (i246) of CO1 clade E grouped in a single AFLP tdus
(Fig. 12, Fig. S1: 13 - 16). CO1 cladiedocile2 con-  (Fig. 12, Tab. S5). Male genital morphology wadedént
sisting of only two HTs (Tab. S1) yielded no AFLRda  from all other species of the complex (Fig. 12,.F3g.
male genital results; Nest-Centroid clustering tssare 32 - 35). Nest-Centroid clustering separated spdciwell
doubtful and we tentatively consider it as isolgpegu-  from all other taxa excepk. sp. U5 (Tab. 2). One nest
lation of T. indocile Nest-Centroid clustering resulted in (18375) with a lack of AFLP data mismatchedlasaes-
discordance rates with DNA-based species hypottreses pitum in Nest-Centroid clustering. The outliers, i24@lan
5% with T. alpestreT. caespitumandT. sp. U5 (Tab. 2), 18375, showed mitochondrial-nuclear discordancevilea
based on high crypsis and geographic variabiligtra- explained biologically (see Reasons for mitochoaldri
morium indocileis a representative example of a cryptic nuclear discordances).

species showing congruent results in CO1, AFLP raaie Reasons for mitochondrial-nuclear discordances:
genital morphology through its large distributioerafrom  In five of ten species, that i$etramorium alpestrerT.
Iberia to Central Asia, despite sympatric occureenith caespitumT. hungaricumT. impurum andT. sp. E (=T.

nearly all species of the complex. immigransaccording to our final species hypotheses), at
(6) Tetramoriumsp. U5: We found complete least one nest showed mitochondrial-nuclear discure.
mitochondrial-nuclear concordance (Fig. 12). Aduiitilly, In identifying reasons for the discordances, theggaphic

male genital morphology allowed distinguishing thiem distribution of clades is relevant. Thus,Tincaespitum

all other species of the complex (Fig. 12, Fig. B1= 20).  the five CO1 clades constituted distinct geographic pat-
Based on high morphological crypsis and low nundfer terns (Fig. S2). Similarly, iff. alpestre T. hungaricum
samples, Nest-Centroid clustering led to discordaates andT. impurum we found rare CO1 clades only close to
> 5% with DNA-based species hypotheses Withlpestre  distribution edges (Tab. S1). Following the argutaen
T. caespitumT. indocile T. impurum andT. sp. E (Tab. 2).  tion of TOEwS & BRELSFORD(2012), distinct geographic
However, based on CO1, AFLP, and male genital morpatterns of CO1 clades exclude incomplete lineaging
phology results, morphological crypsis of workesgsinot  as explanation. We hypothesize (1) peripatric si&ni or

challenge species status. (I) ancient hybridization with subsequent backsiiog of
(7) Tetramoriumsp. J: All workers of CO1 hybrids into parental populations, that is, intesgion, as
clade J grouped in one AFLP cluster (Fig. 12). Mpdai-  sources of most cases of mitochondrial-nuclearodibc

tal morphology data are missing, but Nest-Centohid- ance (cf. BNK & OMLAND 2003, cf. S0AN & al. 2017).
tering results always matched with DNA-based specie In the latter, introgression might be followed biyet-
hypothesis (Tab. 2). gence of mitochondrial DNA from that of the matdrna
(8) Tetramoriumsp. D e: CO1 clade and species. As we outline in the following, distinduigy be-
AFLP cluster coincided perfectly (Fig. 12). Diffete- tween these explanations is difficult, but all teé fpossible
tion from all other species based on male genitat-m explanations result in the need to prioritize thelaar
phology was possible (Fig. 12, Fig. S1: 21 - 249cdrd-  over the mitochondrial DNA results. In more det@i:T.
ance rates between Nest-Centroid clustering and DNAalpestrecould have speciated in peripatry, that is, as a
based species hypotheses supported delimitatiom &b ~ smaller and local population in spatial isolatiovd ainder
other species (Tab. 2). different ecological conditions along the periphefyhe
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Tab. 3: Error rates of linear discriminant analy@d3A) / cross-validation LDA results for pairwispecies compari-
sons [%].n = number of nests,= number of individuals. Values in the first row edich species are results of worker
traditional morphometric data, in the second rowofker geometric morphometric (GM) data, in thiedtmow of gyne

GM data. Missing data indicated by "-". Values < B#bhold.

alpestre |caespitum |hungaricum |breviscapus|indocile |caucasicum|fusciclava|staerckel [impurum |immigrans/Mean
(G) (= U5) =9 (=D_e) =B
n/i 73/146 | 145/294 | 23/51 3/15 34/89 | 10/32 17/34 | 41/81 | 78/156 | 40/84
48 /97 87 /170 /- /- 26 /52 —/- 12/24 | 24/48 | 24/ 47 24 147
12/ 3¢ 421 7( -/- -/- -/- -/- -/- -/- 1712 6/1¢€
alpestre
caespitum 2.8/4.
11.2/13.1
57174
hungaricum | 0.0/0.C | 0.4/1..
/= /=
-/ = —/=
breviscapus 1.1/1.. | 0.0/0. 0.0/0.
=0 —/- —/- —/-
-/- -/- -/-
indocile 1.7/78 | 24/6.1 1.5/3.( 0.0/0.(
8.1/8.7| 9.5/10.8 —/- —/-
-/- -/- -/- -/-
caucasicum (11.4/15.7 4.4/9.9 0.0/0.( 0.0/0.( 3.3/94
(= U5) -/- —/- —/- —/- —/-
-/- -/- -/- -/- -/-
fusciclava 0.0/0.C | 0.0/0. 0.0/0.( 0.0/0.( 0.0/0.0] 0.0/0.
=) 0.0/0.0| 05/0.5 —/- —/- 0.0/13] -/-
-/- -/- -/- -/- -/- -/-
staerckei 0.9/0.¢ | 0.0/0. 0.0/0.( 0.0/0.( 0.0/0.0] 0.0/0. 0.0/0.(
(=D_e) 0.0/14| 05/1.8 —/- —/- 1.0/4.0f -/- 0.0/1.4
-/- -/- -/- -/- -/- -/- -/-
impurum 27/4¢ | 15/3.¢ |0.0/0. 0.0/0.¢ 0.8/0.l| 4€/8.2 | 0.0/0.(| 0.0/0.¢
6.9/83|11.1/12.4 —/- —/- 9.1/101 -/- 0.0/0.0| 0.0/21
0.0/00| 2.2/3.3 —/- —/- —/- —/- —/- —/-
immigrans 0.0/0.C | 0.3/0. 0.0/0.( 0.0/0.( 0.0/0.0] 1.2/3.¢ 0.0/0. | 0.0/0.(] 0.8/0.¢ 0.9/1.
(=E) 1.4/28| 4.1/55 —/- —/- 1.0/4.0f -/- 0.0/0.0| 4.2/6.3| 0.0/0.0 3.3/45
5.9/11.t 8.1/10.! -/- -/- -/- -/- -/- -/- 0.0/0.0 3.7/5.F

larger range of the parental species. Under suali€o
tions, the budding population would lose HTs bytdast-
er than the parental species. As a result, the pionetic
T. alpestre(excl. CO1 clade U3) would be embedded in
the more widely distributed paraphylefic caespitum(ll)
If U2 and B were the ancient CO1 cladesSTotaespitum
(Fig. 12), the CO1 cladeaespitum(incl. U1) could have
descended froni. alpestre Here, a single introgression
event suffices to explain the paraphyly betw&enaes-
pitum (excl. CO1 clade Dw) andT. alpestre(excl. CO1
clade U3). If introgressed CO1 clades became firgth-
chondrial DNA would imply no hints of its heterosjfic
origin (FUNK & OMLAND 2003). Even low introgression
levels may suffice to establish a COL1 clade inraifm
population (AKAHATA & SLATKIN 1984). Sporadic epi-
sodes of hybridization combined with small and pgtc
populations facilitate the fixation of introgresddds (FAT-
TON & SMITH 1994). Other CO1 polyphylies Th alpestre
T. caespitungincl. CO1 clade Dw), T. impurum andT.
hungaricum may have resulted from similar processes.
Especially the CO1 polyphyly af. caespitumcombined
with a distinct geographic pattern of CO1-claderiis-
tions (Fig. S2), but no geographic difference inL&F
data, could be interepreted as resulting from rbésed
dispersal and female philopatry (cfUPRPELL & al. 2003).
To a lesser extent, recent hybridization is presyna
the source for mitochondrial-nuclear discordaneeo fiests

of CO1 clade Eepresented mitochondrial-nuclear discord-
ance: Nest i246 belonged to clade E (HT79), and AFL
cluster as well as Nest-Centroid clustefTetramorium
caespitum(Tab. S1). Similarly, nest 18375 (HT70) Nest-
Centroid clustered witlT. caespitumand its ecology
(TAS = 15.8 °C) differed from that df. sp. E (Tabs. 4, 5).
AFLP data are missing here, but as phenotypes aidym
determined by nuclear genes (cfii84 1992), we assume
mitochondrial-nuclear discordance. Hybrids of thege
species were also found based on microsatellite (Eat
Kaufmann & J. Gippet, pers. comm. 2015). Hybridiza-
tion of these two species might be facilitated byilar
male genital morphology (Fig. S1: 5 - 8, 32 - 3®)er-
lapping phenology (see Taxonomy, Redescriptiorspef
cies), and frequent syntopic occurrence (Tab. &ljeci-
ally in anthropogenically influenced habitats (B£IFERT
1999).

Across all species, our data suggest that hybtidiza
on the individual level is rare (cfE®ERT 1999). How-
ever, on evolutionary time scales, it may have gtha
central role in forming thesBetramoriumspecies' genomes
(cf. ABBOTT & al. 2013).

Reanalyzed linear discriminant analysis (LDA) of
morphometric data: The LDA had error rates < 5% in
98%, 71%, and 70% of pairwise species comparisbns o
worker TM (n = 45, mean error 0.9%), worker GM (n =
21, mean error 3.3%), and gyne GM (n = 10, meaorerr
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Tab. 4: Standard air temperature (TAS) comparisoara
overview of ecological niches. Given are arithmetigans
of localities + standard deviation [lower extrenupper

extreme];n = number of localities, TAS in °C.

Specie n TAS

alpestre 181 8.6+2.1[5.2,17.¢
caespitur 46 | 16.1+2.0[7.9, 21..
hungaricun 42 1 20.6 £2.7 [1.2, 26.2
breviscapus(= 1) 3 |221+1.4[20.6, 23.,
indocile 42 15.6 £ 3.2 [11.5, 25.
caucasicun(= U5) 7 |13.5+2.8[10.2, 18.,

fusciclava(= J; 21.3+1.6[16.1, 21.
18.1 £3.1[11.0, 26.
14.1+£27([7.7,214

19.9 +2.5[13.0, 26.

staerckei(= D_e)

impurun

immigrans(= E)

3.7%; Tab. 3; raw data in Tabs. S6 - 8), respelstiwe
got LDA error rates < 5% at least in one morphoioetr
method in all cases excepetramorium alpestré U5.
Due to the small sample size in the smallest clags,
only 32 workers ifil. caucasicuman LDA reduced to 10
characters had to be performeddiMR & al. 2007).
Thermal niches: Species-specific ecological differ-
ences were significant in 34 of 45 pairwise spec@s-
parisons (76%) (Tabs. 4 - 5)etramorium alpestréad
by far the lowest TAS values, followed by the foood-
erately thermophilous speci&ssp. U5 (for final species
names, see Figs. 12 - 14),impurumT. indocile andT.
caespitumFive species were distinctly thermophiloiis:
sp. D e, T.sp. E,T. hungaricumT.sp. J, and’. sp. I.
Type material assignment:Type material belonging
to theTetramorium caespiturcomplex was assigned to
species based on qualitative morphology, morphaosetr
thermal niche, and biogeography (for details, saro¥
nomy, Treatment of species): semilaeverar. kutteri
andT. staerckevar. gregoriare synonyms of. indocile
andT. impurum respectively. Further, types ©of staerckei
belong toT. sp. D_e, those ofT. caespitunvar. fusci-
clavato T. sp. J, and those df. caespiturmvar. immi-

FERT 2003, &IFERT & al. 2014a, bSEIFERT & CsOsz
2015). However, single methods can lead to sineplifis-
sumptions (e.g., ARSTENS& al. 2013, CoUsE & al. 2016,
SANTOS & al. 2016). Thus, to solve highly intricate prob-
lems, we strongly recommend the use of integradtixe-
nomy combining molecular studies with morphologge(s
also RIILLANDRE & al. 2012). The use of three disci-
plines seems worthwhile since hereby the errorgiateild
fall below the level of 5% (GHLICK-STEINER & al. 2010).
In doing so, mitochondrial DNA data are helpfulget a
first impression of diversity and to select matefa
further analyses. Furthermore, when combined withear
DNA, mitochondrial DNA allows the insight into ewsl
tionary processes such as introgression and thersjreci-
fic gene flow. However, even well-separated mitoahil
DNA clades must not automatically be treated asispe
In contrast, nuclear DNA data repeatedly proveihléd
in generating species-delimitation hypotheses (reant
examples: WWRD 2011, WARD & SUMNICHT 2011). In the
case of théletramorium caespiturnomplex, AFLP re-
sults appear authoritative and frequently conctin wior-
phological data and the final species hypotheses.dis-
advantage of AFLP is that all samples have to lwe pr
cessed simultaneously due to poor reproducibitignce,
technical and human resources limit the sample Siegt-
Generation-Sequencing-based approaches will likely
come important in taxonomy, such as restrictioe-sit
associated DNA sequencing (animal exampERNARDI

& al. 2017). De novo whole-genome sequencing, &s it
becoming more and more affordabley(MARD & WURM
2015), might at some point in the future even @01
sequencing and AFLP in taxonomy.

Among the morphological approaches chosen here, qua
litative male genital investigations were very sessful
and relevant. However, in other ant genera, thisagch
may be less successful either due to a lack of kaimp
males or of species-specific differences. Careftdlected
morphometric data are precious because of the ljbissi
ties of multivariate statistics. Traditional morphetrics
is time- but not money-intensive if a microscopavsil-
able; once data have been published, they canbaso
taken for future studies of taxonomic or evolutignee-
search. In the study byABHERIAN YAzDI & al. (2012),
GM data performed better than TM data in discrimina
analyses of cryptic species, but the opposite wasin

gransto T. sp. E; we redescribe these three species (seeur study (Tab. 2). Especially in gyne GM, we ekpla

Taxonomy, Treatment of species; Figs. 17 - 19)c&imo
type material proved to be conspecific witbtramorium
sp. | andT. sp. U5, we newly describe these species.as
breviscapusp.n. andl. caucasicunsp.n., respectively
(see Taxonomy, Treatment of species; Figs. 15, 16).
Were all data types used necessary for the final
species delimitationAVe applied six methods using mostly
the same ant material (in sexuals, material froensdime

the lower success by the smaller sample size. Gl ate
useful for species delimitation but have the disadage
to be available only as principal components (T&F5.S8)
and thus are not usable for all kinds of interes.( dis-
criminant functions for keys, individual integratiof char-
acters with data from other studies). Nonetheldistance
matrices derived from GM analyses can easily be-com
pared with genetic distances, and subtle shapati@mi

nests): mitochondrial DNA (CO1 gene), nuclear DNA among species can be made visible using GM toaig- A

(AFLP), male genital morphology, traditional work®aor-

way, we recommend at least one large-scale morphhome

phometrics, geometric worker morphometrics, and georic discipline for future taxonomic studies. Morphetric

metric gyne wing morphometrics. Obviously, (ant)lbt
gists will not perform such comprehensive analysesll
taxonomic problems. Choosing an efficient but s8li-
able array of methods for future studies will depem
the particular taxonomic problem. In many casearuf
taxonomy, morphometric analysis alone suffices &ae
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analyses usually are cheaper and easier than natecu
genetic ones, and they were found to have lowdurai
rates in a literature analysisq{.ICK-STEINER & al. 2010).
Moreover, the linkage between type material or othe
historical material of interest and operationaldiasm-

ic units frequently can only be made with morphancet



Tab. 5: Species-specific Standard air temperatsignificances att = 0.05 Student's t-test after Bonferroni-Holm-

correction are labeled with *.

alpestre | caespitum | hungaricum | breviscapus| indocile |caucasicum| fusciclava | staerckel | impurum | immigrans
(Gl) (= U5) (=J) (=D_e) (=E)
alpestre
caespitum 0.000’
hungaricum 0.000° 0.000°
breviscapus 0.000* 0.000* 0.364
=0
indocile 0.000° 0.32( 0.000° 0.001°
caucasicum 0.000* 0.001* 0.000* 0.001* 0.168
(=U5)
fusciclava 0.000* 0.000* 0.314 0.393 0.000* 0.000*
=9
staerckei 0.000* 0.000* 0.000* 0.0238 0.000* 0.000* 0.000*
(=D_e)
impurum 0.000° 0.000° 0.000° 0.000° 0.00z 0.56¢ 0.000° 0.000°
immigrans 0.000* 0.000* 0.084 0.132 0.000* 0.000* 0.010 0.000* 0.000*
(=E)

analyses (SHLICK-STEINER & al. 2007a,SEIFERT 2009,
SCHLICK-STEINER & al. 2010, @QRSTENS& al. 2013, &I-
FERT2016).

Conclusion and outlook

Using integrative taxonomy, we solved a major peafl
in ant taxonomy and (re)described ten cryptic sggoff
the Tetramorium caespiturnomplex. Data of two mole-
cular and four morphological data types were arelyin
an unsupervised fashion to build species hypothises
dependently. The results revealed a surprisingjt hum-
ber of large-scale discordances, especially betwestnt
chondrial and nuclear DNA. Whether such patteranis
exception, will crystallize when more in-depth saslof
cryptic species have become available. Mitochomdria
nuclear discordances allowed insights into evohaiy
processes of species. We interpreted them mostiyas
to either peripatric speciation or ancient intecsfie hy-
bridization but to a lesser extent also as dueetremt
hybridization. Additionally, based on the investiga of
type material, we linked the operational taxonoomdits
with their valid scientific names. Since only tkitep en-
ables the stable use of correct species names)cvarage
other biologists to publish nomenclatural conseqasrof
species delimitations whenever feasible. Our figdiocon-
stitute the basis of future research on the evotutf
crypsis itself, for example into the role of staaigl / or
convergence. However, we cannot exclude the pressnc
further, rare cryptic species in southernmost Eerapd
expect further species outside Europe, for exampléna-
tolia. We expect that the increasing trend to discaryp-
tic species (BKFORD & al. 2007) will continue. Bio-
logists will have to get increasingly used to thand to
handle them in their daily research routine. Weehthat
integrative taxonomy will disentangle further in&rie spe-
cies complexes to bring us closer to understanttieg
global species richness and the evolution of specie

Taxonomy
Diagnosis of theTetramorium caespitum complex

BoROWIEC (2014) listed 28 species of the gerietra-

and Cyprus excluded), all belonging to thecaespitum
group sensu BLTON (1979). Four species complexes of
this group have been outlined so far: Thesemilaeve
ANDRE, 1883 complex (8)sz & ScHuLz 2010), theT.
ferox Ruzsky, 1903 complex (€83sz & ScHuULz 2010; 5
taxa), theT. chefketiFOREL, 1911complex (GSTEN &
al. 2006, Gisz & al. 2007; 11 taxa), and the caespitum
complex (fHLICK-STEINER & al. 2006). Additionally, there
are further species not allocated to any of thesepbex-
es, for exampleT. meridionaleEMERY, 1870, T. brevi-
corne BoNDROIT, 1918,T. hippocratiSAGOSTI & COL-
LINGWOOD, 1987, andl. pelagium

Characters of species of thietramorium caespitum
complex are as follows:

(1) At least some workers of a nest with c-shaped,

crinkly, or sinuous hairs arising just behind buacvity
(Fig. 2, arrow). Most typical character féetramorium
caespitumcomplex; absent frori. semilaeveomplex,
T. feroxcomplex,T. chefketcomplex,T. meridionaleT.
brevicorne T. hippocratis andT. lucidulumMENOZzzI, 1933,
but also present il. pelagiumandT. goniommoidé@oLDl,
1979.

(2) Workers with microsculpture on basal part 8f 1
gastral tergite varying from few, scattered stickrfiie
to complex reticulate structures (Fig. 4), MC1T@&
(error 0.0% in 993 workers). Very complex polygonal
structure inTetramorium chefketiomplex, MC1TG > 40
(error 0.0% for 34 workers).

(3) Propodeal spines small to medium, PEW / SPST <
2.055 (error 0.0% for 471 nest means), 33.959 * Q¥
- 8.569 * PPH + 7.487 * SPST + 649 < 0 (error 0%
471 nest means). In European speciegetifamorium ferox
complex andl. inermeMAYR, 1877, propodeal spines re-
duced to slightly developed corners, PEW / SPSTO53
(> 2.08 in 11 workers). If. brevicorne propodeal spines
rather long and number of postoculo-temporal coatak
costulae high in relation to postpetiole height:95® *
POTCos - 8.569 * PPH + 7.487 * SPST + 649 > 0 ferro
0.0% for 9 workers).

(4) Worker head, mesosoma, petiole, and postpetiole
surface partly smooth (as Tretramorium hungaricujrto

moriumMAYR, 1855 as native to Europe (Canary Islandscoarsely sculptured (as ih staerckéi but not largely
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smooth (as i. inermé or very coarsely sculptured as in
T. chefketcomplex and’. goniommoide

(5) Worker head, dorsum, and occiput with longitudi
nal costae and costulae, but occiput never withstrarsal
costae and costulae asTiatramorium meridionale

(6) Often dark brown to black. In Benelux, Central
Europe, and Balkan mountain areas sometimes lighitrb
(Tetramorium impurum, rarely reddisiT. immigran$;
most species not yellowish (asTndiomedeumT. luci-
dulum T. flavidulumEMERY, 1924) or reddish (as typical
in T. ferox T. punicum(F. SvITH, 1861)).

boundary (MILLER 1974), we did not expect that type
material collected east of it was relevant for thiisdy.
Especially the two new species we describsp. U5 (=T.
caucasicum andT. sp. | (=T. breviscapus have re-
stricted distribution areas limited to the Caucaahbsve
1000 m a.s.l. and to the Western Balkans, respagtiin
contrast,T. sp. E has been introduced to non-native re-
gions (SEINER & al. 2008), and one could argue its origin
might be, for example, east of the Johansen lirev-H
ever, we found a distinctly higher HT diversity fT&1)

in Anatolia and the Caucasus region compared witiojie

(7) Worker eye moderately sized, in nest mean EYE /and North America. High haplotype-diversity in naiton-
CS = 0.155 - 0.196 (n = 471), but not > 0.197 as indrial DNA has been frequently used to detect aispegeo-

Tetramorium pelagiurandT. biskrensd-OREL, 1904 (n =
8 workers).

graphical origin (ant examples includer&ICK-STEINER
& al. 2007b, ®TzEK & al. 2015). Following this idea, Ana-

(8) Male with ten antennal segments, and not nine atolia and the Caucasus region are the most likely-g

in Tetramorium pelagiurandT. biskrense

(9) Male paramere length > 843 um and thus larger

than inTetramorium semilaev@mplex,T. ferox T. mora-
vicum andT. pelagium

graphic origin ofT. immigrans

After this selection, 16 taxon names remained &s po
sible candidates for valid names of operationabrtaxnic
units: Tetramorium banyulend®ERNARD, 1983;T. caespi-

(10) Large sexuals. Gyne MW > 1198 pm and thustum var. typicumRuzsky, 1902;T. caespitum oxyomma

larger than inTetramorium semilaeveomplex,T. brevi-
corng T. punctatunBANTSCHI, 1927, andr. pelagium

Treatment of species

We evaluated all Palearcfieztramorium caespiturgroup
names listed by 8LTON (2014) concerning their possible
affiliation to theT. caespitumcomplex (Tab. S9). Based
on information given in the original descriptionsdain
recent taxonomic revisions ASETRA & al. 1999, Gosz
& MARKO 2004, GISTEN & al. 2006, SHLICK-STEINER

& al. 2006, GOsz & al. 2007, &GOSz & ScHuLz 2010,
CsOsz & al. 2014b, SEINER & al. 2010,RADCHENKO &
ScupoLA 2015, BOROWIEC& al. 2016), we excluded taxon
names using the following criteria: (I) Unavailali@mes.
(I Names of material outside thie caespitumcomplex
based on original descriptions because of, alorie com-
bination, (a) workers with yellowish, brownish-yelish
or reddish color, (b) pronounced reticulate streesuor
longitudinally striato-punctated™gastral tergite, (c) gen-
eral surface smooth, (d) frontal carinae reachalg@st)
until the occiput, (e) transversal carinae on h€Bdor
head, petiole, postpetiole, or proportions of eyesosoma,
petiole, and postpetiole in figures different frahe T.

KARAVAIEV, 1912;T. caespituntenuicornisEMERY, 1925;
T. caespitunvar. immigransSANTSCHI, 1927;T. semilaeve
var. kutteri SANTSCHI, 1927;T. semilaevevar. transbaical-
enseRuUzsKY, 1936;T. moravicunvar. caespito-moravicum
KRATOCHVIL, 1941;T. staerckeKRATOCHVIL, 1944;T.
staerckeivar.gregori KRATOCHVIL, NOVAK & SNOFLAK,
1944;T. caespitunvar. fusciclavaCONSANI & ZANGHER],
1952;T. goniommoidéoLDI, 1979;T. hippocratisAGOSTI
& COLLINGWOOD, 1987;T. pelagiumMEl, 1995;T. per-
signatumBOLTON, 1995; andT. taueretBOLTON, 1995.
Type material off. semilaevevar.transbaicalenses lost
(RADCHENKO 1992). We did also not receive type material
of T. caespitunvar. typicum T. moravicunvar. caespito-
moravicum andT. staerckeivar. gregori, which is not
housed in St. Petersburg (Dmitry A. Dubovikoff itt.1
2012), Moscow (Elena Fedoseeva in litt. 2013),nothie
private collection of Klara Bezgdkova and Pavel Bez-
décka (Klara Bezdckova & Pavel Bezétka in litt. 2013).
Probably, type material df. caespitunvar. typicumwas
never defined as that author's intention was ndeszribe
a new taxon but simply the "typical" form ©f caespitum
In T. moravicunvar. caespito-moravicupmo type mate-
rial has been defined @ATOCHVIL 1941,1944); because

caespitumcomplex, (g) too small sexuals, or (h) gynes of this and because the description cannot bepreted,

with a deep median insection of petiolar node) llames
of material belonging to other species complexesta
on (a) SNETRA & al. (1999), (b) @STEN & al. (2006),
(c) Csdsz & ScHuULz (2010), (d) Gbsz & al. (2007), (e)
Csbsz & al. (2014b), (f) RDCHENKO & SCUPOLA (2015),
(g) and BOBROWIEC & al. (2016). (IV) Names of material
already linked to the operational taxonomic unitshe
T. caespituntomplex {T. hungaricum Cs6sz & M ARKO
2004;T. caespitunandT. impurum SCHLICK-STEINER &

al. 2006;T. alpestre STEINER & al. 2010;T. indocile
CsOsz & al. 2014b). (V) Names of material originating
from Great Britain or Fennoscandia (where ohlycaes-
pitum occurs). (VI) Names of material originating from
outside the Palearctic and east of the JohansenTims
line in the Yenisei area at around 85° E represtrds
most important zoogeographical boundary in themort
ern Palearctic @GHANSEN 1955). Since only species with
very wide ecological valence cross this zoogeograghh
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we consider it as nomen dubium.Tnstaerckevar.gre-
gori, we tried to interpret a possible synonymy based o
information of the original descriptiof.etramorium per-
signatumBoLTON, 1995 is housed in the Menozzi Col-
lection of DISTA of the University of Bologna. Dea
ment policy did not allow to loan types (Mario Mairin
litt. 2012). However, transmitted images of typerkess
allowed the exclusion of this species from Thecaespi-
tumcomplex (see below). We also found distinct morpho-
logical characters by qualitative analysis to edell. ban-
yulense T. hippocratis T. oxyommaT. caespituntenui-
cornis andT. taueretfrom theT. caespituntomplex. Type
material of the six remaining taxa was not excluftedh
the complex based on qualitative analysis and waest
tigated in detail:

Tetramorium caespitumar. fusciclavum[sic!] Con-
SANI & ZANGHERI, 1952 (2 workers) [ltaly]: 2 workers
labeled as: "Riccione” [-] SYNTYPTetramoriumcaes-



pitumc. var.fusciclavaC. Emery, 1925 [-] "var fusciclava
Emery" [-] MUSEO GENOVA coll. C. Emery (dono
1925) [-] ANTWEB CASENT 904802.

Tetramorium caespituwar. immigransSANTSCHI, 1927
(8 workers) [Chile]: 5 workers labeled as: TYPE '[ehili
Valparaiso, Miss Edwards" [-] "Tetramorium caespitu
immigrans Sant". SANTSCHI det. 19 "26" [-] Samm-
lung Dr. F. Santschi Kairouan; [thereof we haveseho
the lectotype worker]. 2 workers labeled as: "CMiIi
Edwardes [sic!]" [-] "Were found in road could rfitd
next any where" [-] Sammlung Dr. F. Santschi Kaamou

Tetramorium goniommoideoLbl, 1979 (3 workers)
[Turkey]: 2 workers on 2 separate pins in each dase

+5.738 * EYE - 7.209 * PPW - 270. WorkersTofcaespi-
tumcomplex have Ddoni) < O (error 0.0% in 975 work-
ers) and those df. goniommoidd® (goni) > 0 (> 120 in
3 type workers)Tetramorium pelagiumdescribed from
the island Linosa, also has c-shaped, crinkly,iouais
hairs on ventral head. However, its gynes diffesmall
size and a depressed mesosoma (as $semilaeveclearly
from theT. caespituntomplex. Additionally, males have
only nine and not ten antennal segments. With atksn
urements in um, a clear separation for workersvisngby
the discriminant Dela): 2.813 * HFL + 16.891 * MC1TG
-17.610 * POTCos - 13.020 * EL + 490. Workers o t
T. caespituntomplex have Dgela) > 0 (error 0.0% in

beled as: Saraykdy 4.-15.X.215m. [-] Turkei 1977 C.975 workers) and those af pelagiumD (peld) < 0 (<

Baroni Urbani [-] Collezione Bruno Poldi (Mus. Slat.
Milano) [-] "T. goniommoides [sic!] synTypus". 1 wker

-60 in 6 type workers). Type material Bf caespitunvar.
fusciclava T. caespitunvar. immigrans T. semilaevevar.

labeled as: Saraykoy 4.-15.X.215m [-] Turkei 1977 C kutteri, andT. staerckebelongs to th@. caespituntom-

Baroni Urbani [-]"3" [-] "coTypus". [-] CollezionBruno
Poldi (Mus. St. Nat. Milano).

Tetramorium pelagiurMel, 1995 (6 workers, 1 gyne,
1 male) [Italy]: 2 workers labeled as: "T. PELAGE- L
NOSA 29.1IV.91 GIR MEI" [-] Collezione Bruno Poldi
(Mus. St. Nat. Milano) [-] "T. pelagium”. 2 workers
gyne, and 1 male labeled as: "SICILIA T. PELAGE LI-
NOSA 29.1V.91 MEI" [-] "6". [-] Collezione Bruno i
(Mus. St. Nat. Milano).

Tetramorium semilaevear. kutteri SANTSCHI, 1927
(2 workers) [Switzerland]: 2 workers labeled astypas
[-] "Brig Pfingsten 3. VI 1922" [-] "T. semilaeve. v
kutteri" [-] GBIFCH 00190422.

Tetramorium staerckéd RATOCHvIL, 1944 (2 workers,
1 gyne, 1 male) [Hungary]: 2 workers labeled asnHo
grie Nagytétény Coll: Roszler [/] "17. VI. 1935"][-500"
[-] Typus [-] "Tetramorium caespitum v. hungaricum
Staerckei worker RORI. Typus! No. 500" [/] PAUL RDS

plex. A wild-card run of morphometric data in a déss
LDA including all workers investigated by integnai
taxonomy in this study clearly assignédstaerckei =D e

(p = 1), T. caespitunvar. fusciclava =J (p = 1), andr.
caespitunvar.immigrans =E (p = 1). We redescribe these
species (see Redescriptions below). However, nahiefi
T. semilaevevar. kutteri, consisting of two dwarf work-
ers, is ambiguous, and the results permit conspéyif
with eitherT. indocile(p = 0.81) orT. hungaricum(p =
0.19). Based on three arguments, we propose synonym
with T. indocile () BiogeographyT. hungaricuris lim-
ited to Eastern Europe, the Balkans, and the Paanon
zone (see redescription below). There is no reeast of
16° E, while the type material 3t semilaevear. kutteri
originatesfrom 8° E. Contrariwise, we found. indocile
on the type locality oT. semilaevear. kutteri. (1) Ecol-
ogy: T. hungaricunis thermophilic with TAS 20.6 + 2.7 °C
[16.2, 26.2], while TAS on the type locality is 55°C

LER Baross Gabor-telep HONGRIE — EUROPE.; [thereofonly. Contrariwise[T. indocileshows TAS 15.6 + 3.2 °C

we have chosen the lectotype worker]. 1 gyne labate
Hongrie Nagytétény Coll: Részler [/] "17. VI 193p]

500 [-] Typus [-] "Tetramorium caespitum r. hungari
v. Staerckei gyne RoRI. Typus! No 500" [/] PAUL RBS

[11.5, 25.4]. (1ll) Qualitative morphology: Headdcameso-
soma ofT. hungaricumaretypically without sculpture and
largely smooth and shining. The type material o§emi-
laevevar. kutteri has moderately pronounced, but distinct

LER Baross Cabor-telep HONGRIE — EUROPE. 1 malelines on head and mesosoma, especially simildr. io-

labeled as: HUNGARIA NAGYTETENY P.ROESZLER
[-] 500 [-] Typus [-] Tetramorium caespitum r. hunga-
rica v. Staerckei male R6RI. Typus! No 500" [/] PAUL
ROSZLER Baross Gabor-telep HONGRIE — EUROPE.

Since type material ofFetramorium persignaturwas not
loanable, we investigated images of type worketsean
cluded this material from our complex by measuremen
of head and mesosoma (CW / ML = 1.01Tircaespitum
complex CW / ML = 0.85 + 0.05) etramorium goniom-

moidewas described from Anatolia and seems to be mis-

sing in Europe. Like th&. caespituntomplex, it shows
c-shaped, crinkly, or sinuous hairs on the ventesdd.
However, a strongly developed sculpture, givingshe
face a dull impression (likehefketicomplex; GISTEN &
al. 2006, GOsz & al. 2007), distinguishe§. goniommoide
from the species of th&é. caespituntomplex. Sculpture
on lateral side of propodeum builds clear and ghrai
lines. Propodeal spines are shorter than in typicak-
ers of theT. caespituntomplex. With all measurements
in um, a distinct separation for workers is givgnthe
discriminant D goni): 2.695 * MW + 17.189 * POTCos

docile originating from the type locality &f. semilaevear.
kutteri. Since type material of. staerckeiwar. gregori
was not traceable, we aimed at linking the maté@aied

on the original description to a species. The ngaleital
morphology drawing 7e in KATOCHVIL (1944: 65) shows
typical impurumilike parameres without a corner like
staerckeion the ventral paramere lobe (Fig. 12, Figs. S1:
21 - 31). Hence, we considér staerckewvar. gregorias

a synonym offetramorium impurum

Tetramorium alpestre STEINER, SCHLICK -STEINER &
SEIFERT, 2010(including U3 sensu@HLICK-STEINER
& al. 2006)

Tetramorium alpestr&TEINER, SCHLICK-STEINER & SEIFERT,
2010: 249-250. CO1 gene from material of the typs ime
vestigated.

Type locality. Vent (Austria), 46.8548° N, 10.9097° E,
2000 m a.s.l., leg. H. Muller, 15.VII1.2007.

CO1 geneHere and in the following, we use two dif-
ferent abbreviations for HTs, "HT" (HTs publishey b
SCHLICK-STEINER & al. 2006, SEINER & al. 2010, KNz-
NER & al. 2015, and in this study) and "H" (HTs pub-
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lished by GOsz & al. 2014b). 65 HTs from 210 nests:
HT101 (15.2%), HT102 (12.9%), HT114 (8.1%), HT116
(6.7%), HT169 (4.3%), HT113 (3.3%), HT172, HT258

Social parasites.Here and in the following, the spe-
cies names of social parasites follow traditionainen-
clature, which reflects morphological and biologjicaits

(each with 2.9%), HT271 (2.4%), HT115, HT170 (eachbut is questionable from a cladistic point of ViGWARD &

with 1.9%), HT93, HT111, HT173, HT242, HT257, HT263
HT430 (each with 1.4%), HT91, HT96, HT100, HT103,
HT231, HT282, HT294, HT367, HT424, HT426, HT429
(each with 1%), HT92, HT94, HT95, HT97 - HT99,
HT110, HT112, HT123, HT168, HT171, HT174, HT232,
HT241, HT260, HT261, HT264, HT287, HT288, HT297,
HT328, HT400, HT415, HT421 - HT423, HT425, HT427,

al. 2015). Extensive nomenclatural changes amoaiglso
parasites are currently on the way, but not yetthp
implemented in the literatur&trongylognathus testaceus
(ScHENCK, 1852) (n = 3; host suffétramorium caespitum
in SANETRA & al. 1999 and Tab. S1jtrongylognathus
alpinusWHEELER, 1909 (n = 1; host subl caespiturh

in SANETRA & al. 1999), andleleutomyrmex schneideri

HT428, HT431 - HT433, HT435 - HT437, HT440 (each KUTTER, 1950 (n = 1; Tab. S1) were found associated

with 0.5%).
Description of worker. Medium size, CS = 741 + 51
[605, 850]um. Dark brown to blackish.

Head moderately elongate, CL / CW = 1.016 = 0.014

[0.981, 1.049um. Eye rather small, EYE/CS = 0.171 +
0.005 [0.160, 0.182]. Scape length moderate, SC8 £
0.775 + 0.014 [0.738, 0.802]. Mesosoma long andewid
ML /CS =1.174 £ 0.025 [1.092, 1.225], MW / CS 44
+0.012 [0.615, 0.674].

Promesonotal dorsum convex, metanotal groove shal-

low. — Head dorsum and occiput with longitudinastee
and costulae. Postoculo-temporal area of headmaitter-
ate number of longitudinal costae and costulae, ®a3T
=8.11 + 1.45 [4.50, 11.00]. Mesosoma dorsum langit
dinally or partly circularly rugulose, lateral sidépropo-
deum with moderately pronounced smooth and shieg, ar
Ppss = 37.4 + 14.5 [14.1, 92.3]. Dorsum of petiolade
with sculpture or smooth. General surface appearanc
average moderately smooth and shiny compared it o
species. — Connected stickman-like or reticulateroni
sculpture: small units scattered ovél dastral tergite,

with T. alpestre

Tetramorium caespitum (L INNAEUS, 1758)(including B,
U1, U2, and D partim sensiCELICK-STEINER & al. 2006)

Formica caespitunINNAEUS, 1758: 581; neotype designation:
SCHLICK-STEINER & al. 2006: 270. CO1 gene and morphol-
ogy of material from the neotype nest investigdtere.

Myrmica fusculaNYLANDER, 1846: 935; junior synonym dfe-

tramorium caespitumSmiTH 1851: 118; junior synonymy

confirmed hereby based on biogeography (type lyc&buth

Finland).

Tetramorium caespituwar. hammiDoONISTHORPE 1915: 178;
junior synonym ofTetramoriumcaespitum BoLTon 1995:
408; junior synonymy confirmed hereby based on &g
graphy (type locality: New Forest, England).

Type locality. Floghult Bohuslan (Sweden), 58.97° N,
11.42° E, 100 m a.s.l,, leg. C.A. Collingwood, 212000.
CO1 gene.129 HTs from 495 nests: HT1 (27.1%),
HT15 (10.7%), HT52 (9.9%), HT58 (8.7%), HT225 (4)6%
HT57 (2.2%), HT43 (2.0%), HT184, HT229 (each with
1.2%), HT5, HT181 (each with 1.0%), HT48, HT53,

MC1TG = 14.12 * 2.54 [7.03, 20.94]. — Some workersHT191 (each with 0.8%), HT32, HT220, HT222, HT224,

with long c-shaped, crinkly, or sinuous hairs omtvel
head posterior to buccal cavity.

Description of male.Paramere structure belongs to
impurumtlike form: rounded ventral paramere lobe with-
out sharp corner in dorsal or ventral view but witear
division of ventral and dorsal paramere lobes blésby
deep emargination between lobes in posterior vidov.
sharp corner at end of ventral lobe visible in @adst view.
Relatively long and sharp-ended dorsal paramess ldb-
ible in posterior and dorsal view. Paramere lengtlat-
eral view < 991 pum.

HT295, HT396 (each with 0.6%), HT6, HT8, HT17, HT35
HT50, HT56, HT126, HT180, HT183, HT223, HT280,
HT296 (each with 0.4%), HT2 - HT4, HT7, HT9 - HT 14,
HT16, HT18, HT22, HT24, HT26, HT33, HT34, HT42,
HT46, HT47, HT49, HT51, HTS55, HT70, HT79, HT117,
HT124, HT125, HT127 - HT129, HT182, HT190, HT192,
HT218, HT219, HT226 - HT228, HT230, HT247, HT255,
HT259, HT262, HT269, HT273, HT275, HT279, HT281,
HT283, HT286, HT292, HT300, HT302 - HT304, HT309 -
HT311, HT313, HT319, HT324, HT325, HT335 - HT342,
HT356 - HT358, HT369, HT372, HT373, HT377, HT389

Distribution. Iberian mountains, Pyrenees, Massif Cen-- HT392, HT395, HT398, HT401, HT405, HT410, HT414,

tral, Mont Ventoux, Corsica, Alps, Apennines, Calab
Apennines, Monti Nebrodi, Dinaric Alps (Fig. 13).

HT416, HT417, HT434, HT438, HT439 (each with 0.2%).
Description of worker. Larger than most species of

Ecology. Less thermophilic than all other species of complex, CS = 761 + 50 [591, 86iin. Dark brown to

complex (Tab. 5), TAS of 182 sites 8.6 £ 2.1 °C2[5.
17.6]. In Alps and Pyrenees often above timberliveyer

blackish.
Head moderately elongate, CL / CW = 1.012 £+ 0.015

below 900 m a.s.l. Southern Italian population more[0.969, 1.043]. Eye rather small, EYE / CS = 0.}/1

thermophilous, TAS of three sites 14.8 + 2.9 °Geft,
p = 0.000). In Alps, typical habitats are southifigc

0.005 [0.158, 0.188]. Scape length moderate, SC8 £
0.777 + 0.015 [0.724, 0.812]. Mesosoma long ancewid

non-forested alpine meadows, subalpine dwarf-shrutML /CS =1.172 + 0.026 [1.104, 1.233], MW / CS £4b
heathland, dry pastures, stony embankments, oikbloc+ 0.015 [0.605, 0.687].

fields. In Pyrenees, known from stony pine forelissts
often under stones, but also in moss, rootage daadl
wood.

Biology. Facultatively polygynous (&INER & al. 2003,
KRAPF & al. 2017).

Promesonotal dorsum convex, metanotal groove shal-
low. — Head dorsum and occiput with longitudinastae
and costulae, in Iberia longitudinal costae andutas of
head dorsum sometimes interrupted by smooth amy shi
areas. Postoculo-temporal area of head with maalatah-

Phenology.Adult sexuals in nests on 30 July + 17d [18 ber of longitudinal costae and costulae, POTCod15 #

June, 10 September] (n = 34).
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1.92 [3.38, 12.13]. Mesosoma dorsum longitudinaiyu-



lose, in Iberia longitudinal costae and costulametimes
interrupted by smooth and shiny areas. Lateral side

/ CS = 1.103 + 0.018 [1.064, 1.146], MW / CS = B&2
0.008 [0.608, 0.645].

propodeum with a moderately pronounced smooth and Promesonotal dorsum convex, metanotal groove shal-

shiny area, Ppss = 39.9 + 20.0 [13.3, 107.7]. Dorstipe-
tiolar node smooth or with slightly microreticulaeulpture.
General surface appearance on average moderatebilsm
and shiny compared with other species. — Connestield
man-like or reticulate microsculpture: small uisitattered
over ' gastral tergite, MC1TG = 12.62 + 2.31 [7.00, 19.58
— Some workers with long c-shaped, crinkly, or sinsi
hairs on ventral head posterior to buccal cavity.

Description of male.Paramere structure belongs to
caespiturdike form: ventral paramere lobe with one or two
sharp corners; without distinct emargination betweara-
mere lobes in posterior view, both paramere lobdsged
in size; in ventro-posterior view, second cornewentral
paramere lobe missing or < 87 um apart from firspos-
terior view, typically only one sharp corner on frahlobe.

Distribution. Whole Europe (after SFERT 2007 up to
63° N), Caucasus (Fig. 13).

Ecology. Moderately thermophilic, TAS of 465 sites
16.1 £ 2.0 °C [7.9, 21.1], different from all spesiex-
ceptTetramorium indocileMost common species in most

low. — Smoothest and shiniest surface within comptn-
gitudinal costae and costulae on head dorsum ariguic
usually interrupted by large-scale smooth and shnegs.
Postoculo-temporal area of head with few longitadlin
costae and costulae, POTCos = 2.14 + 1.21 [0.58] 4.
Longitudinal costae and costulae on mesosoma lntiec
by smooth and shiny areas, lateral side of propodsith
strongly pronounced smooth and shiny area, Pp<s6 8
+36.1[21.1, 169.5im. Dorsum of petiolar node usually
smooth, exceptionally feebly microreticulated. -n@ected
stickman-like or reticulate microsculpture: smailts scat-
tered over 1 gastral tergite, MC1TG = 14.91 + 2.53
[9.64, 20.85]. — Some workers with long c-shapeitkty,
or sinuous hairs on ventral head posterior to Hu=oaty.
Description of male.Paramere structure belongs to
caespiturdike form: ventral paramere lobe with one or
two sharp corners; without distinct emarginatiotwsen
paramere lobes in posterior view, both parameredab-
duced in size; in ventro-posterior view, seconcheomon
ventral paramere lobe missing or < 87 um apart fiicsh

of Europe and more euryoecious than other spedies dn posterior view, typically only one sharp corioerven-

complex. Most records from non-forested habitdts li
meadows, pastures, heaths, arid or semi-arid girzcs|
vineyards, fallow grounds, ruderal areas, road ekibants,
rock heaps, gravel pits, river banks, but alsctlghe and
oak forests. Urban areas like parks, pavementsycautt
sides. Nest construction more flexible than in opecies:
in soil, under stones, rarely in dead wood; onlgcsgs
building soil mounds higher than 10 cm.

Biology. Monogynous (8IFERT 2007). Hybridizes with
Tetramorium immigrangesults of this study, samples 246
and 18375).

Phenology.Adult sexuals in nests on 25 June + 14d [28

May, 19 August] (n = 67). Direct swarming behavidr
served on 14 June, 15 June at 11:05 true solar &
30 June at 07:15 true solar time.

Social parasitesAnergates atratulu6SCHENCK, 1852)
(n = 1; Tab. S1) an&trongylognathus testace(is = 5;
Tab. S1 and G&HLICK-STEINER & STEINER 2006) were
found in nests of etramorium caespitum

Tetramorium hungaricum ROSzLER, 1935(including U4
sensu BHLICK-STEINER & al. 2006 andletramoriumsp.
sensu BRACKO & al. 2014)

Tetramorium caespitursubsphungaricaRoszLER 1935: 78;
subspecies ofetramorium semilaevé&RATOCHVIL 1941: 86;
raised to species rankoBzLER1951: 88; lectotype designation:
Csdsz & MARKG 2004: 53. Type material not investigated.

Type locality. Nagytétény (Hungary), 47.391° N, 18.987°
E, 101 ma.s.l., leg. P. Részler, 24.VI1.1934.

CO1 gene.10 HTs from 31 nests: HT108 (54.8%),
HT105 (9.7%), HT233, HT274 (each with 6.5%), HO5,

tral lobe.

Distribution. Pannonian zone, Balkans, Eastern Europe
(Fig. 13).

Ecology. More thermophilic than all other species ex-
ceptTetramorium breviscapy3. fusciclavaandT. immi-
grans TAS of 43 sites 20.6 + 2.7 °C [16.2, 26.2]. Typi-
cal habitats are arid meadows, dry grasslandsy stonib-
land, gravel pits; also oak forests.

Phenology.Adult sexuals in nests on 20 June + 6 [8
June, 24 June] (n = 7).

Tetramorium breviscapus sp.n. (= | as defined in this study)

Etymology. Named after its proportionally short scape, one
of the best morphological characters for discritidmafrom
related species. Becaudméviscapusis a noun in appo-
sition, "us' is the correct ending.

Type locality. Dubrovnik (Croatia), 42.650° N, 18.083°
E, 3 ma.s.l., leg. D. Dender, 29.X.2005.
Type material. All type material from one nest, labeled
"CRO: 42.650° N, 18.083° E Dubrovnik coast, 3 m
D.Dender 2005.10.29-18071". Holotype worker (Fig) 1
and eleven paratype workers in Senckenberg Natdekun
museum Gorlitz (Germany). Five paratype workenslin
seum of Comparative Zoology, Cambridge, Massactauset
(USA), five in Natural History Museum in London (YK
five in Natural History Museum Basel (Switzerlanfiye
in Museum of Nature South Tyrol (Bozen, Italy),diin
Tiroler Landesmuseum (Hall, Austria), five in Naglr
History Museum in Vienna (Austria), five in Budapes
Hungarian Natural History Museum (Hungary), anck fiv
in Schmalhausen Institute of Zoology Kiev (UkrainéD1

HT104, HT106, HT107, HT109, HT299, HT370 (each with gene of type nest: HT329. Morphometric data of typle

3.2%).
Description of worker. Smallest species of complex,
CS =657 + 34 [584, 722im. Dark brown to blackish.

inum: CL =724, CW =724, dAN = 197, EL = 130, EW =
99, FL = 276, HFL = 551, MC1TG = 15.7, ML = 789,
MPPL = 234, MPSP = 309, MPST = 189, MtpW = 361,

Head moderately elongate, CL / CW = 1.020 = 0.014MW = 449, PEH = 245, PEL = 149, PEW = 245, PLSP =
[0.996, 1.051]. Eye large, EYE/CS = 0.184 + 0.fZ70, 168, PLST = 176, PnHL = 172, PoOc = 292, POTCos =
0.194]. Scape short, SLd / CS = 0.747 + 0.015 [6.71 7.8, PPH =269, PPL = 106, Ppss = 79, PPW = 3@®)®r
0.773].Mesosoma shortest within complex and narrow, ML = 180, RTI = 295, SLd =512, SPST = 133, SPWI =200
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Fig. 15: Holotype off etramorium breviscapusp.n. in (A) full face, (B) dorsal, and (C) latevaw.

CO1 gene2 HTs from 3 nests: HT329 (66.7%), HT290 and lectotype designation:s@sz & al. 2014b: 477. Mor-

(33.3%). phology of type material investigated.

Description of worker. Smaller than most species of Tetramorium semilaevear. kutteri SANTSCHI, 1927: 57; junior
complex, CS = 714 + 26 [689, 740in. Dark brown to synonymy fixed hereby based on type investigatiuoh laio-
blackish, mesosoma frequently lighter than headgastr. geography (type locality: Brig, Switzerlan@yn.n.

Head rather truncated compared with other spedies oType locality. Ssemiretschie, Kisil-Kija'pass (Kyrgyzstan),
complex, CL/ CW = 1.002 + 0.012 [0.989, 1.010]eEy 40.27° N, 72.13° E, 2100 m a.s.l., leg. N. Kusnezbsv
rather small, EYE / CS = 0.169 + 0.010 [0.163, 0]18 VIII.1924.

Scape shortest of complex, SLd / CS = 0.728 + 0.010 CO1 gene21 HTs from 47 nests: HT87 (25.5%), HT83
[0.722, 0.739]Mesosoma short and moderately wide, ML (17.0%), HT85 (10.6%), H28, HT82 (each with 6.4¢27,
/CS=1.119 + 0.013 [1.107, 1.133], MW /CS =@&3 H29, H30, HT80, HT81, HT86, HT90, HT154, HT155,

0.002 [0.629, 0.634]. HT243, HT301, HT354, HT360, HT380, HT412, HT443
Promesonotal dorsum convex, metanotal groove shalteach with 2.1%).
low. — Head dorsum and occiput with longitudinastee Description of worker. Smaller than most other species

and costulae. Postoculo-temporal area of headraitier ~ of complex, CS = 717 + 52 [575, 822in. Dark brown
few longitudinal costae and costulae, POTCos = .95 to blackish.

0.53 [5.45, 6.50]. Mesosoma dorsum longitudinaligu- Head moderately elongate, CL / CW = 1.011 + 0.014
lose, lateral side of propodeum with large smoathghiny  [0.982, 1.051]. Eye medium-sized, EYE / CS = 0.%74
area, Ppss = 73.6 + 16.6 [57.9, 91.0]. Dorsum tiblae 0.005 [0.162, 0.181]. Scape moderately long, SC& /=
node usually smooth, exceptionally microreticulat8dn-  0.764 = 0.013 [0.734, 0.790]. Mesosoma moderateiyg |
eral surface appearance rather smooth and shingarech and moderately wide, ML / CS = 1.155 + 0.020 [1.,107
with other species of complex. — Connected stickiiten  1.205], MW/ CS = 0.637 £ 0.011 [0.609, 0.667].

or reticulate microsculpture: moderate-sized wstttered Promesonotal dorsum convex, metanotal groove shal-
over T gastral tergite, MC1TG = 15.77 + 1.20 [14.58, low. — Head dorsum and occiput with longitudinatee
16.97]. — Some workers with long c-shaped, crin@glysi-  and costulae. Postoculo-temporal area of headradtier

nuous hairs on ventral head just posterior to Huzanaty. few longitudinal costae and costulae, POTCos = &.08
Distribution. Croatia, Bosnia-Herzegowina, and Greece 1.69 [2.63, 9.75]. Mesosoma dorsum longitudinaligu-

(Fig. 13). lose, lateral side of propodeum with rather prorwath
Ecology.More thermophilic thaTetramorium alpestte  smooth and shiny area, Ppss = 50.0 + 23.8 [17®.5].1
T. caespitumT. indocile T. caucasicumandT. impurum — Dorsum of petiolar node often smooth, rarely fgeb
TAS of three sites 22.1 £ 1.4 °C [20.6, 23.2]. Opean  microreticulated. General surface appearance oragee
bitats. rather smooth and shiny compared with other speeies
S . Connected stickman-like or reticulate microsculkptsmall
Tetramorium indocile SANTSCHI, 1927 units scattered over'lgastral tergite, MC1TG = 14.01 +

Tetramorium caespituvar. indocile SaNTscHi, 1927: 53; raised ~ 2.44 [6.41, 19.96]. — Some workers with long c-sp
to species rank:IBarskl 1969: 304; junior synonym df. crinkly, or sinuous hairs on ventral head postetddpuc-
caespitumRADCHENKO 1992: 50; revived from synonymy cal cavity.
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Fig. 16: Holotype offetramorium caucasicusp.n. in (A) full face, (B) dorsal, and (C) latevaw.

Description of male.Paramere structure belongs to seum of Nature South Tyrol (Bozen, Italy), one iroler
caespiturdike form: ventral paramere lobe with one or two Landesmuseum (Hall, Austria), two in Natural Higtitu-
sharp corners; without distinct emargination betwgara-  seum in Vienna (Austria), two in Budapest Hungah&mn
mere lobes in posterior view, paramere lobes raeflime tural History Museum (Hungary), and two in Schmaten

size; in ventro-posterior view, second corner ontred Institute of Zoology Kiev (Ukraine). CO1 gene op&ynest:
paramere lobe missing or < 87 um apart from firspos-  HT234. Morphometric data of holotypejim: CL = 714,
terior view, two sharp corners on ventral lobe. CW = 691, dAN = 205, EL = 131, EW = 97, FL = 270,

Distribution. Disjunct: Iberia, France, Central Europe, HFL = 563, MC1TG = 13.5, ML = 798, MPPL = 240,
Italy, Balkans, Eastern Europe, Caucasus, Centsed A MPSP = 300, MPST = 183, MtpW = 338, MW = 433,
(Fig. 13). PEH = 243, PEL = 157, PEW = 216, PLSP = 151, PLST

Ecology. Moderately thermophilic, TAS of 42 sites 15.6 = 171, PnHL = 183, PoOc = 286, POTCos = 8.5, PPH =
+ 3.2 °C [11.5, 25.4], different from all speciescept 259, PPL = 111, Ppss = 57, PPW = 274, PreOc = 177,
Tetramorium caespituandT. caucasicumin Central Eur-  RTI = 289, SLd = 546, SPST = 134, SPWI = 185.

ope rare and in arid habitats like south-faciniipfg rocky CO1 gene5 HTs from 7 nests: HT343 (42.9%), HT234
grassland in dry inner-alpine Rhéne valley neagBon - HT236, HT378 (each with 14.3%).
sandy cattle pasture near Mals in Vinschgau, virtkgaar Description of worker. Larger than most other spe-

Budapest. Replaced By caespitunin less dry areas of cies of complex, CS = 757 + 44 [706, 838). Dark brown
Central Europe. In Armenia in montane steppic meado to blackish.
in Chelyabinsk area in steppe, in Kyrgyzstan in coes, Head strongly elongate, CL / CW = 1.027 + 0.021
dry grasslandsluniperusheaths, river banks, stony steppes, [0.987, 1.052]. Eye medium-sized, EYE / CS = 0.%72
semideserts. Nests in soil, often under stones. 0.005 [0.162, 0.178]. Scape moderately long, SC& /=
Phenology.Adult sexuals in nests on 17 July + 24 [20 0.779 = 0.015 [0.749, 0.798]. Mesosoma moderateiyg |
June, 16 August] (n = 7). and moderately wide, ML / CS = 1.160 + 0.022 [1,131
1.211], MW/ CS = 0.637 + 0.015 [0.612, 0.670].
Promesonotal dorsum convex, metanotal groove shal-
Etymology. Named after its distribution area, the Cau- low. — Head dorsum and occiput with longitudinaste@
casus. and costulae. Postoculo-temporal area of headradlier
Type locality. River Bashil valley (Russia), 43.211° N, many costae and costulae, POTCos = 8.71 + 1.44,[6.1
42.987° E, 2206 m a.s.l., leg. Z.M. Yusupov, 18009. 10.63]. Mesosoma dorsum longitudinally rugulostesri
Type material. All type material from one nest, la- side of propodeum with moderately pronounced smooth
beled "RUS: 43.211° N, 42.987° E River Bashil valle and shiny area, Ppss = 45.0 £ 20.2 [16.4, 80.4tshn
2206 m S slope, timberline, under stone Z.M.Yusupovof petiolar node smooth or with sculpture. Gensrat
2009.06.18-17372". Holotype worker (Fig. 16) andtw face appearance on average moderate smooth and shin
paratype workers in Senckenberg Naturkundemuseum Gécompared with other species. — Connected stickrikan-|
litz (Germany). Two paratype workers in Museum oh or reticulate microsculpture: small units scattepgdr '
parative Zoology, Cambridge, Massachusetts (USi#Q, t gastral tergite, MC1TG = 14.47 + 1.81 [11.64, 17.33
in Natural History Museum in London (UK), two in Some workers with long c-shaped, crinkly, or siraibairs
Natural History Museum Basel (Switzerland), onena- on ventral head posterior to buccal cavity.

Tetramorium caucasicum sp.n. (= U5)
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Fig. 17: Lectotype ofretramorium fusciclavatat.n. in (A) full face, (B) dorsal, (C) and lakwview (specimen ANT-
WEB1008486 from www.AntWeb.org, photographer Rol&uathultz).

Description of male.Paramere structure belongs to 19.9, ML = 777, MPPL = 228, MPSP = 298, MPST = 190,
impurunilike form: rounded ventral paramere lobe with- MtpW = 336, MW = 422, PEH = 244, PEL = 148, PEW
out any sharp corner in dorsal or ventral view With =217, PLSP =168, PLST = 186, PnHL = 186, PoO¢%5; 2
clear division of ventral and dorsal paramere lpkissble POTCos = 9, PPH = 252, PPL = 98, Ppss = 23, PPW =
by deep emargination between lobes in posteriowvie 279, PreOc = 167, RTI = 309, SLd = 564, SPST = 133,

Sharp corner at end of ventral lobe in posteriewwi

Distribution. CaucasusSouthern Russia, Georgia, and

Armenia (Fig. 13).

Ecology. Less thermophilic than most other species

of complex, TAS of seven sites 13.5 + 2.8 °C [102.2]
and different from all species excdmtramorium indocile

SPWI = 170.
CO1 gene.4 HTs from 16 nests: HT189 (56.3%),
HT305 (31.3%), HT272, HT404 (each with 6.3%).
Description of worker. Rather small, CS = 724 + 42
[667, 829]um. Dark brown to blackish.

Shortest head of complex, CL / CW = 0.996 + 0.012

andT. impurum Often above timberline; typical habitats [0.976, 1.029]. Largest eye of complex, EYE / C8.188

are pastures and steppic meadows.
Phenology.Adult sexuals in nests éhAugust (n = 1).

Tetramorium fusciclava CONSANI & Z ANGHERI, 1952
stat.n. (= J as defined in this study)

Tetramorium caespitum caespitwar. fusciclavaEmMeRry, 1925:
187 (unavailable name); first available uBetramoriumcaes-
pitum var. fusciclavunsic!] CONSANI & ZANGHERI 1952:
42; junior synonym of etramoriumcaespitum SANETRA &
al. 1999: 320; revived from synonymy, raised tocggerank

+ 0.004 [0.183, 0.196]. Scape moderately long, 5C$

= 0.774 + 0.006 [0.763, 0.784]. Mesosoma short and

narrowest in complex, ML/ CS =1.136 + 0.021 [11.10
1.175], MW/ CS = 0.615 + 0.012 [0.596, 0.646].

Promesonotal dorsum convex, metanotal groove shal-

low. — Head dorsum and occiput with longitudinastae
and costulae. Postoculo-temporal area of headanitio-
derate number of longitudinal costae and costi#@d,Cos
=6.76 + 2.12 [4.63, 13.50]. Mesosoma dorsum |amatiit-
ally rugulose, lateral side of propodeum with pramced

and lectotype designation hereby. sculpture, Ppss = 30.8 + 10.5 [15.5, 47.3]. Dorstipe-
Type locality. Riccione (ltaly), 43.999° N, 12.656° E, 11 m tiolar node typically with few strong costae, sommets
a.s.l, leg. C. Emery, 1925. smooth or microreticulated. General surface appeara

Lectotype designation.Top worker of two syntype moderately smooth and shiny compared with othef spe
workers (of two cards on one needle), labeled "iQiee’ cies. — Connected stickman-like or reticulate nscrdp-
[-] SYNTYPI Tetramoriumcaespiturc. var.fusciclava  ture: large units scattered ovét dastral tergite, MC1TG
C. Emery, 1925 [-] "var fusciclava Emery" [-] MUSEO = 20.57 + 1.85 [16.34, 23.74]. — Some workers Watig
GENOVA coll. C. Emery (dono 1925) [-] ANTWEB c-shaped, crinkly, or sinuous hairs on ventral heaste-
CASENT 904802, designated as lectotype (Fig. 1€¢td-  rior to buccal cavity.
type worker and one paralectotype worker in Muséo C Distribution. Italy (Fig. 13).
vico di Storia Naturale, Genova (ltaly). Morphonettata Ecology. More thermophilic than all species exc&pt
of lectotype inum: CL = 701, CW = 697, dAN = 199, tramorium hungaricumT. breviscapusandT. immigrans
EL = 150, EW =109, FL = 273, HFL = 584, MC1TG = TAS of 13 sites 21.3 + 1.6 °C [16.1, 21.8]. Prefeefor
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Fig. 18: Lectotype oTetramorium staerckesp.rev. in (A) full face, (B) dorsal, and (C) lakview.

coastal areas: Twelve of 13 localities closer th@rkm
to sea. Nests in grasslands, cornfield reins, bEsaghine
forests; especially on sandy soil.

Most elongate head of complex, CL / CW = 1.032 +
0.014 [1.003, 1.062]. Eye rather large, EYE / C&H8 +
0.005 [0.168, 0.189]. Longest scape of complex, 5Ld

Phenology.No adult sexuals found, records of sexual CS = 0.787 + 0.016 [0.750, 0.817]. Mesosoma longikst

larvae and pupae from 13 and 14 May.

Tetramorium staerckei KRATOCHVIL , 1944 sp.rev.
(= D sensu SHLICK-STEINER & al. 2006 partim)
Tetramorium caespitussp.hungaricavar. staerckeiROSzLER

1936 (unavailable name); first available us&akKocHviL

1944 65; junior synonym dfetramorium impurumKUTTER

1977: 159; revived from synonymy based on typestiga-

tion and lectotype designation hereby.

Type locality. Nagytétény (Hungary), 47.391° N, 18.987°
E, 102 m a.s.l., leg. P. Részler, 17.VI.1935.

Lectotype designation.Worker closer to needle (of
two syntype workers of one card), labeled "Hondtagy-
tétény Coll: Részler [/] "17. VI. 1935" [-] "500~] Typus
[-] "Tetramorium caespitum v. hungaricum v. Staeick
worker RoRI. Typus! No. 500" [/] "PAUL ROSZLER Ba-

in complex and wide, ML / CS = 1.188 £ 0.025 [1.141
1.247], MW/ CS = 0.645 + 0.014 [0.614, 0.681].
Promesonotal dorsum convex, metanotal groove shal-
low. — Head dorsum and occiput with longitudinastae
and costulae. Postoculo-temporal area of head méthy
costae and costulae, POTCos = 10.53 + 1.75 [7335]L
Mesosoma dorsum longitudinally rugulose, laterdé sif
propodeum with strongest sculpture of complex, Ppss
16.9 £ 5.3 [11.3, 33.1]. — Dorsum of petiolar wsttulp-
ture or smooth. General surface appearance ongavetal
compared with other species. — Connected sticknkan-|
or reticulate microsculpture: moderate-sized wstttered
over T gastral tergite, MC1TG = 15.93 # 2.35 [11.00,
22.00]. — Some workers with long c-shaped, crinkly,
sinuous hairs on ventral head posterior to bucaaty:

ross Gabor-telep HONGRIE — EUROPE", designated as Description of male.Paramere structure belongs to

lectotype (Fig. 18). Lectotype worker, one paralggie
worker, one paralectotype gyne, and one paralgsatyale
in Museum of Natural History, Sibiu / Hermannstéeb-
mania). Morphometric data of lectotype workerpim:

CL = 871, CW = 849, dAN = 266, EL = 181, EW = 133,
FL = 350, HFL = 739, ML = 1072, MPPL = 322, MPSP =
396, MPST = 238, MW = 581, PEH = 321, PEL = 203,

impurumlike form: rounded ventral paramere lobe without
any sharp corner in dorsal or ventral view but veitiar
division of ventral and dorsal paramere lobes blésby
deep emargination between lobes in posterior viéwv.
sharp corner at end of ventral lobe visible in @ast view.
Relatively short dorsal paramere lobe, visible astprior
and dorsal view. Paramere structure length indhteew

PEW = 303, PLSP = 201, PLST = 239, PnHL = 241,> 1014 um. In dorsal and posterior view, distinmtner
PoOc = 329, POTCos = 10, PPH = 359, PPL = 126, PPV@n ventral paramere lobe between lobe top and enaarg

=378, PreOc = 212, RTI = 347, SLd = 692, SPST§; 18
SPWI = 277.

CO1 gene3l HTs from 74 nests: HT38 (18.9%), HT28,
HT245, HT347 (each with 9.5%), HT29, HT37, HT3%{ea
with 4.1%), H20, H21, HT25, HT31, HT188, HT346 (eac
with 2.7%), H15, H16, HT27, HT30, HT40, HT41, HT144
HT185, HT186, HT244, HT253, HT254, HT268, HT276,
HT307, HT371, HT376, HT383 (each with 1.4%).

Description of worker. Rather largeompared with
other species of complex, CS = 746 + 57 [655, §if8]
Dark brown to blackish.

tion with dorsal lobe.

Distribution. Pannonian zone, Balkans, southern Rus-
sia, Central Asia (Fig. 13).

Ecology. Thermophilic, TAS of 79 sites 18.1 + 3.1 °C
[11.0, 26.4], different from all species exc@gtramorium
breviscapusAvoids Mediterranean areas, but occurs on
Black Sea coast. Typical European habitats are-deyni
and dry grasslands, semi-arid pastures, road emisrik,
fallow vineyard, rock heaps, sand dunes; exceplipna
urban areas. Might be more salt-tolerant than osper
cies, as it was mentioned undd@etramoriumcf. caespi-
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tum' as most frequent ant species in saline field am&®
Sibiului (Romania) (RusAN & M ARKO 2011; material de-
termined by us). In Kyrgyzstan in meadows, steppas)i-
deserts, groves. Soil nests often under stonesxtioes
covered with grass; small soil mounds exist.

Phenology:Adult sexuals in nests d8 June £ 10 d
[1 June, 27 June] (n = 6).

Tetramorium impurum (FOERSTER, 1850)(including
U6 sensu SHLICK-STEINER & al. 2006)

Myrmica impuraFoERSTER 1850: 48; junior synonym dfetra-
morium caespitumCuRrTIS 1854: 215; revived from syno-
nymy: KUTTER 1977: 159; neotype designhatiorcHaICK-
STEINER & al. 2006: 267. CO1 gene, AFLP data, and mor-
phology of material from the neotype nest invesédan the
present study.

Tetramorium caespitum penninUANTSCHI, 1927: 54; junior
synonym ofTetramoriumimpurum SANETRA & al. 1999: 321.
Morphology of type material investigated.

Tetramorium staerckeiar. gregori KRATOCHVIL, 1941: 65; juni-
or synonymy fixed hereby based on description (tggal-
ity: Czech Republic)Syn.n.

Type locality. Mirwart vic. Saint-Hubert (Belgium), (50.03°

N 05.27° E), 360 m a.s.l., leg. Y. Roisin, 4.VIDAD.

CO1 gene.61 HTs from 161 nests: HT22 (19.9%),
HT21 (19.3%), HT122 (9.9%), HT148 (4.3%), HT147
(2.5%), HT20, HT149, HT152, HT285 (each with 1.9%),
HT118, HT143, HT246, HT326, HT353, HT355, HT420
(1.2%), HT19, HT23, HT119 - HT121, HT139, HT140,
HT142, HT145, HT146, HT150, HT151, HT153, HT237,
HT238, HT248, HT249, HT256, HT266, HT267, HT270,
HT277, HT278, HT284, HT289, HT291, HT308, HT315,
HT320, HT321, HT323, HT327, HT334, HT351, HT352,
HT368, HT374, HT375, HT379, HT385, HT397, HT399,
HT402, HT403, HT441 (each with 0.6%).

Description of worker. Medium size, CS = 741 + 48
[624, 891]um. Light brown to blackish, eastern clade of-
ten with lighter mesosoma.

Head moderately elongate, CL / CW = 1.017 £ 0.017
[0.951, 1.049]. Smallest eye of complex, EYE / CS =

0.168 + 0.005 [0.155, 0.181]. Scape moderately,|&igl

/ CS =0.779 £ 0.015 [0.741, 0.826])esosoma short and
moderately wide, ML / CS = 1.146 + 0.025 [1.0820D],
MW / CS =0.632 + 0.011 [0.606, 0.654].

Promesonotal dorsum convex, metanotal groove shal-

low. — Head dorsum and occiput with longitudinastee
and costulae. Postoculo-temporal area of headradlier
many costae and costulae, POTCos = 8.80 + 1.78,[5.0
14.75]. Mesosoma dorsum longitudinally rugulostsrk
side of propodeum with pronounced sculpture, P28.4
+14.2 [3.4, 79.5]. — Dorsum of petiolar node ubuaith
stronger costae and often fine transverse or tateumi-
crosculpture, exceptionally smooth. General surmmear-

ible by deep emargination between lobes in posteig.
No sharp corner at end of ventral lobe visible astprior
view. Relatively short dorsal paramere lobe, visibi
posterior and dorsal view. Paramere structure teiyt
lateral view > 1014 um. No corner on ventral paraeame
lobe between lobe top and emargination with ddctze
in dorsal and posterior view.

Distribution. Eastern clade: Anatolia, Balkans, Italy,
Central Europe, Benelux northward to 52° N. Westtade:
Iberia, western France (Fig. 13).

Ecology. Less thermophilic than most other species of
complex, TAS of 155 sites 14.1 £ 2.7 °C [7.7, 2XAF
155), different from all species exceépgtramorium cau-
casicum Temperature difference (t-test, p = 0.000) be-
tween eastern (TAS of 124 sites 13.7 = 2.7 °C)west-
ern clade (TAS of 31 sites 15.7 + 2.3 °C). Eastdade
in Central Europe in mountain areas but also loddam
southern Europe on high evaluation. Typical habitat
meadows, semi-dry grasslands, rocky pastures, [sukal
dwarf-shrub heathland, heaths, gravel pits, roeipheroad
embankments, avalanche trenches, rocky brighttéofeise,
spruce, larch). In Central Europe often on loamily Bast-
ern clade ofT. impurumshows strong affinity to stony
habitats, whileT. caespitunis more frequently collected
from meadows. Western cladefimpurumin sandy ar-
eas near coast, riverbanks, and oak forests. Wgétslly
under stones, but small soil mounds exist.

Biology. Monogynous (8IFERT 2007).

Phenology.Adult sexuals in nests &8 August + 27
[29 June, 14 October] (n = 36).

Social parasitesAnergates atratulugn = 1; Tab. S1),
Strongylognathus testaceqs = 1; Tab. S1), an8tron-
gylognathus alpinugn = 1; host subTetramorium caes-
pitum penninurhin SANTSCHI 1927) were found in nests
of T. impurum

Tetramorium immigrans SANTSCHI, 1927 stat.n.
(= E sensu SHLICK-STEINER & al. 2006)

Tetramorium caespitunaar. immigransSSANTSCHI, 1927: 54;
junior synonym ofT. caespitumBoLToN 1979: 171; revived
from synonymy, raised to species rank, and lectotigsig-
nation hereby.

Type locality. Valparaiso (Chile), 33.05° S, 71.61° W,
18 m, leg. Edwards, 1926.

Lectotype designation.Worker of middle card closer
to needle than second worker, labeled "TYPE [-]iliCh
Valparaiso, Miss Edwards" [-] "Tetramorium caespitu
immigrans Sant". SANTSCHI det. 19 "26" [-] Samm-
lung Dr. F. Santschi Kairouan", designated as kyp®
(Fig. 19). Lectotype worker and seven paralectotypek-
ers in Naturhistorisches Museum Basel (Switzerlaidy-
phometric data of lectotype jom: CL = 914, CW =912,
dAN = 246, EL = 183, EW = 142, FL = 355, HFL = 7883,

ance rather dull compared with other species. ——ConMClTG 25.1, ML = 1100, MPPL = 318, MPSP = 427,

nected stickman-like or reticulate microsculptussiall
units scattered over‘igastral tergite, MC1TG = 15.25 +
2.93 [6.70, 24.92]. — Some workers with long c-gp
crinkly, or sinuous hairs on ventral head postetaopuc-
cal cavity.

Description of male.Paramere structure belongs to
impurumtlike form: rounded ventral paramere lobe with-
out any sharp corner in dorsal or ventral view Wwith
clear division of ventral and dorsal paramere lohés
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MPST = 236, MtpW = 461, MW = 592, PEH = 313, PEL
=218, PEW = 310, PLSP = 223, PLST = 243, PnHL =
238, PoOc = 363, POTCos = 12, PPH = 343, PPL = 144,
Ppss = 68, PPW = 379, PreOc = 223, RTI = 359, SLd =
727, SPST = 213, SPWI = 289.

CO1 gene.44 HTs from 213 nests: HT75 (34.3%),
HT79 (18.8%), HT70 (12.2%), HT72 (3.8%), HT60 (2)3%
HT76, HT78 (each with 2.3%), HT61, HT74, HT194
(each with 1.9%), HT64, HT77, HT381, HT382 (eacthwi



Fig. 19: Lectotype ofetramorium immigranstat.n. in (A) full face, (B) dorsal, and (C) lakview (specimen CAS-
ENTO0913997 from www.AntWeb.org, photographer Zagberman).

0.9%), HT62, HT63, HT65 - HT69, HT71, HT73, HT193, Ecology. More thermophilic than all species except
HT195 - HT199, HT202, HT203, HT293, HT312, HT314, Tetramorium hungaricumr. breviscapusandT. fusci-
HT317, HT318, HT331, HT332, HT345, HT348, HT349, clava TAS of 201 sites 19.9 + 2.5 °C [13.0, 26.7]. In
HT384, HT394, HT413 (each with 0.5%). France and partially Central Europe synanthromedr
Description of worker. Largest species of complex, sides, ruderal areas, parks, gardens, pavemeittgaya
CS =834 £ 56 [713, 943Im. Dark brown to blackish, constructions, stone pits, balconies, inside oldings. In
rarely reddish. Pannonian zone, Mediterranean, and Caucasus muost co
Head moderately elongate, CL / CW = 1.012 + 0.013mon species in anthropogenic areas, but also pyifmer
[0.985, 1.035]. Eye medium-sized, EYE / CS = 0.%76 bitats like semi-arid and arid grasslands, rocky sandy
0.004 [0.167, 0.189]. Scape long, SLd / CS = 0.#84 grasslands, beaches, river banks, rock walls. Balyaec-
0.014 [0.755, 0.817Mesosoma moderately long and nar- ords from forests. Nests often between cracks nfete,
row, ML/ CS = 1.158 + 0.020 [1.109, 1.201], MW &C asphalt, rocks, as well as under stones; smalhswilnds

=0.629 = 0.012 [0.605, 0.649].

Promesonotal dorsum convex, metanotal groove shal-

low. — Head dorsum and occiput with longitudinaste@
and costulae. Postoculo-temporal area of head higii-

est number of costae and costulae in complex, P@ECo
12.33 =+ 1.67 [8.25, 16.13]. Mesosoma dorsum longi-
tudinally rugulose, lateral side of propodeum wptio-
nounced sculpture, Ppss = 30.5 + 14.5 [13.6, 688i-
sum of petiolar with sculpture, reticulate microlgture,
or smooth. General surface appearance rather-dGlan-
nected stickman-like or reticulate microsculptuegge
units scattered over‘igastral tergite, MC1TG = 21.67
2.68 [16.07, 27.00]. — Some workers with long cp&th
crinkly, or sinuous hairs on ventral head postetodouc-
cal cavity.

Description of male.Paramere structure belongs to
caespiturdike form: ventral paramere lobe with one or two
sharp corners; without distinct emargination betwgara-
mere lobes in posterior view, both paramere lobdsged
in size. In ventro-posterior view, second cornewen-
tral paramere lobe > 87 um apart from first. Intpasr
view, two corners on ventral lobe.

Distribution. Mediterranean, Western Europe, Central
Europe, Balkans, Eastern Europe, Anatolia, Caud&sgs
13), introduced to North (&INER & al. 2008) and South
America (\NTSCHI 1927).

+

exist.
Biology. Hybridizes withTetramorium caespiturgre-
sults of this study).

Phenology.Adult sexuals on 27 June * 39d [17 March,
29 September] (n = 16).

Social parasitesAnergates atratulugn = 1; Tab. S1)
was found in a nest dfetramorium immigrans

Key to workers of the Tetramorium caespitum complex

We present a dichotomous key for Europe (incl. @aus
and Ural) and Kyrgyzstan here and an online idesatif
tion key at https://webapp.uibk.ac.at/ecology/tetvaum.
The application of this key requires magnificatiaisat
least 100 x and good lighting conditions. Morphameet
characters are always in um. Arithmetic means &antls
ard deviations of indices always refer to meanseaxdt
means. Species-specific means for further charaeter
available in Table S10. The online identificaticeykne-
cessitates morphometric and geographic data of everk
and provides correct classifications in 88.0% difvidual
workers and 97.4% of nest means of two workers.

1 British Isles (excl. Channel Islands), Fennoscandia

BaltiC. ..ooooviiiiiieieeiiieee e T. caespitum
— Central Europe north of 53° N. ......... T...caespitum
— Alps or Pyrenees > 2100 m a.s.l. ........T..alpestre
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Italy south of AIPS. ..evveeveeiiiiiieee e, 2
Pannonian zone, Balkans (incl. Slovenia and Ro-
mania), Eastern Europe. ........cccccooiiiiiiiieniinnnnn. 3
Other regions. .....cvveeeeeii e 5

Eye very large: EL / CS = 0.218 = 0.005, EW /
CS =0.159 £ 0.003. Distance between outer mar-
gins of spines very small and spines short: SPWI
/ CS = 0.237 + 0.010, SPST / CS = 0.171 +
0.008. Petiole and postpetiole narrow: PEW / CS
= 0.297 + 0.009, PPW / CS = 0.391 + 0.011.
Petiole short: PEL / CS = 0.219 £ 0.005. Ridges
frontal antennal fossae wider apart: RTI / CS =
0.417 + 0.010. Stickman-like or reticulate micro-
structure on first gastral tergite pronounced: MG1T

= 20.57 £+ 1.85. Number of postoculo-temporal
costae and costulae moderate: POTCos = 6.76 +
2.12. Discriminant D1 (error 0.0% in 34 workers):
164.05* SPWI/CS +95.81 * PEL/CS - 65.61 *
RTI/CS -197.30 *EL/CS + 6.3 < 0. Thermo-
philic. ...ccoooviiiiiiiii, T. fusciclava stat.n.

Eye smaller: EL/ CS = 0.196 £+ 0.007, EW / CS
= 0.147 + 0.005. Distance between outer margins
of spines larger and spine longer: SPWI / CS =
0.286 + 0.020, SPST / CS = 0.199 + 0.015. Pe-
tiole and postpetiole wider: PEW / CS = 0.324 £
0.012, PPW / CS = 0.413 + 0.014. Petiole longer:
PEL / CS = 0.235 £ 0.009. Ridges frontal antennal
fossae closer together: RTI/ CS = 0.399 + 0.012.
D1 > 0 (error 0.5% in 775 workers and 0.0% in
379 nest means of Italian species). .......ommm....5

Sculpture on head and mesosoma reduced and large
parts smooth and shiny. Very few postoculo-tem-
poral costae and costulae: POTCos =2.14 + 1.21.
Lateral face of propodeum anterior propodealstigma
often smooth: Ppss = 85.6 + 36.1. Eye large: EL /
CS = 0.211 + 0.009, EW / CS = 0.156 £ 0.006.
Postpetiole narrow: PPW / CS = 0.382 + 0.013.
Mesosoma short: ML / CS = 1.103 + 0.018. Hind
femur short: HFL / CS = 0.770 £ 0.011. Discrimi-
nant D2 (error 7.8% in 51 workers and 0.0% in 23
nest means): 3.606 * PPW + 27.209 * POTCos +
6.072 * PEL + 1.375 * PnHL - 11.221 * EYE - 886

< 0. Thermophilic. ......cccccceeeerrnnnn. T. hungaricum

Sculpture on head often well developed, extending
over most parts of dorsal head surface. Number
of postoculo-temporal costae and costulae higher:
POTCos = 8.5 * 2.4. Lateral face of propodeum
anterior propodealstigma often not smooth: Ppss
= 35.6 + 19.3. Eye smaller: EL / CS = 0.196 +
0.007, EW / CS = 0.147 £ 0.005. Postpetiole wider:
PPW /CS =0.413 £ 0.014. Mesosoma longer: ML
/ CS =1.117 + 0.027. Hind femur longer: HFL /
CS =0.812 + 0.026. D2 > 0 (error 1.1% in 903
workers and 0.5% in 433 nest means of all spe-
cies excepl. fusciclavg. ........cccccccciviiiiiiiieenn A

Balkans only. Scape very short: SLd / CS = 0.730
+ 0.013. Petiole and mesosoma short: PEL / CS =
0.215 + 0.002, ML / CS =1.121 + 0.014. Sculp-

ture on large parts of head and mesosoma pro-
nounced, but often distinct smooth and shiny area
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on lateral face of propodeum anterior the propodeal
stigma: Ppss = 73.6 £ 16.6. Number of postoculo-
temporal costae and costulae small to moderate:
POTCos = 5.95 + 0.53. Discriminant D3 (error
0.0% in 15 workers): 5.405 * SLd + 6.028 * PEH +
8.718 * PEL - 5.216 * CS - 5.462 * PEW - 4.074 *
PLSP - 53 < 0. Thermophilic. ..T.. breviscapus sp.n.

All regions. Scape longer: SLd / CS = 0.778 +
0.016. Petiole and mesosoma longer: PEL / CS =
0.235 £ 0.008, ML / CS = 1.167 * 0.027. Con-
trast between smooth and shiny area on lateral face
of propodeum and other regions not always obvi-
ous. Number of postoculo-temporal costae and cos-
tulae moderate to large: POTCos = 8.48 + 2.40. D3
> 0 (error 0.8% in 922 workers and 0.2% in 447
nest means of all species exc&€pthungaricuny. ....5

Sculpture well developed, number of postoculo-
temporal costae and costulae large, smooth area on
lateral face of propodeum anterior propodeal stigma
small: POTCos = 10.53 + 1.75, Ppss = 16.9 + 5.3.
Eye larger: EL/ CS =0.202 +£ 0.006, EW / CS =
0.153 £ 0.004. Discriminant D4 (error 3.7% in 81
workers and 0.0% in 41 nest meansiafercke):
13.144 * ML + 89.666 * dAN + 304.936 * POTCos
+123.574 * EYE + 57.722 * PLST + 106.414 *
MC1TG - 40.588 * MtpW - 50.045 * CW -
21.122 * RTI - 46.477 * PLSP + 2800 > 0. Thermo-
PhIlIC. oo 6

Sculpture strongly reduced to well developed. Eye
smaller: EL / CS = 0.195 # 0.007, EW / CS =
0.146 + 0.005. D4 < 0 (error 2.0% in 789 workers
and 0.3% in 375 nest means of all species except
T. fusciclavaandT. immigrang. .........cccccceeeeeeennn. 7

Stickman-like or reticulate microsculpture orsfir
gastral tergite moderate: MC1TG = 15.93 + 2.35.
Distance between antennal fossae larger: dAN / CS
= 0.300 + 0.005. Mesosoma longer: ML / CS =
1.188 + 0.025. Smaller: CS = 746 £ 57. Discrimi-
nant D5 (error 1.2% in 81 workers and 0.0% in 41
nest means): 58.624 * MtpW + 58.287 * CL +
84.382 * CW - 57.153 * ML - 51.265 * PPW -
159.873 * dAN - 28593 < 0. Often natural habi-
tats. ..o L StAEI CKED SPLTEV.

Stickman-like or reticulate microsculpture on first
gastral tergite pronounced: MC1TG = 21.67 + 2.68.
Distance between antennal fossae smaller: dAN /
CS =0.280 = 0.007. Mesosoma shorter: ML / CS
= 1.158 + 0.020. Larger: CS =834 +56. D5 >0
(error 0.0% in 84 workers). Often in anthropo-
genically influenced, vegetation-free, and even con
creted habitats, but also rocky natural habitats. .
.............................................. T.. immigrans stat.n.

Kyrgyzstan ......................................... T. indocile
Other regions. ... 8

Stickman-like or reticulate microsculpture on first
gastral tergite pronounced: MC1TG = 21.67 + 2.68.
Number of postoculo-temporal costae and costulae
large, POTCos = 12.33 + 1.67. Distance between
outer margins of spines smaller: SPWI / CS =
0.269 £ 0.020. Eye larger: EL / CS = 0.201 £



0.005, EW / CS = 0.152 = 0.004. Postocular dis-
tance smaller: PoOc / CS = 0.387 £ 0.006. Discri-
minant D6 (error 8.3% in 84 workers and 2.5% in
40 nest means): 3.348 * CL + 23.130 * POTCos
+9.953 * EW + 2.235 * PPH + 3.133 * PLST +
19.914 * MC1TG - 1.869 * SPWI - 4.364 * MW -
3.172 * PoOc - 1.967 * PPL - 3.243 * PLSP - 0.047
* ALT - 1295 > 0. Thermophilic. In Europe <
1000 m a.s.l. Often in anthropogenically influenced
vegetation-free, and even concreted habitats, but
also rocky natural habitats. ...T..immigrans stat.n.

Stickman-like or reticulate microsculpture on first
gastral tergite reduced: MC1TG = 13.71 + 2.73.
Number of postoculo-temporal costae and costulae
often smaller, POTCos = 7.74 + 1.96. Distance be-
tween outer margins of spines larger: SPWI / CS
=0.288 £ 0.019. Eye smaller: EL / CS = 0.195 *
0.007, EW / CS = 0.146 + 0.005. Postocular dis-
tance larger: PoOc / CS = 0.398 + 0.010. D6 <0
(error 0.7% in 717 workers and 0.3% in 349 nest
means ofT. alpestre T. caespitumT. indocile T.
caucasicumandT. IMPUrUM. .....ccccccceeereerereeeeennn, 9

Iberian Peninsula, mainland western France, Bale-
aric Islands, Corsica, Sardinia, British Channel Is
JANAS. ceeeiiiiee e ——— 10

Mainland easterirrance, Switzerland, Austria,
mainland Italy, Sicily, Balkans (incl. Slovenia and
Romania). > 900 ma.s.l. ......cccoeevvvviecceecreeee, 11

Mainland easterdrrance, Switzerland, Austria,
mainland Italy, Sicily, Balkans (incl. Slovenia

and Romania). <900 ma.s.l. ...cccccvvvvicceeeennnns 13
Benelux, Germany, Poland, Czechia, Slovakia,
[ [0 To = o R 13
Eastern Europe, Caucasus. ..........cccoeeeeeeeeennnn. 16

10 Mesosoma shorter and narrower: ML / CS = 1.131

+ 0.023, MW / CS = 0.627 + 0.010. Postocular
distance larger: PoOc / CS = 0.408 + 0.010. Long-
est hair on frontolateral corner of pronotum shorte
PnHL / CS = 0.244 + 0.023. Discriminant D7 (error
7.1% in 56 workers and 0.0% in 28 nest means of
impurumwestern clade): 3.518 * HFL + 2.918 *
ML + 6.601 * MW + 4.883 * dAN + 2.229 *
PnHL - 4.404 * CS - 3.962 * SLd - 24.810 *
POTCos - 5.711 * PEL - 11.518 * MPST - 5.995
* SPST - 9.220 * MC1TG + 22.761 * LAT +
0.109 *ALT -215<0. ........eeecevveeennn Lo impurum

Mesosoma longer and wider: ML / CS = 1.164 +
0.023, MW / CS = 0.643 + 0.013. Postocular dis-
tance smaller: PoOc / CS = 0.397 + 0.009. Long-
est hair on frontolateral area of pronotum longer:
PnHL / CS = 0.272 + 0.021. D7 > 0O (error 4.5%
in 132 workers and 1.5% in 65 nest meand.of
alpestre T. caespitumandT. indocile in the re-
gion defined in 9a). ........cccccvvrvvrees e 14

11 Petiole wider, distance between outer margins of

propodeal spines larger: PEW / CS = 0.334 £ 0.011,
SPWI / CS = 0.303 + 0.021. Petiole higher: PEH
/ CS =0.356 £+ 0.009. Longest hair on frontolateral
area of pronotum shorter: PnHL / CS = 0.248 £
0.025. Distance between antennal fossae smaller:

dAN / CS =0.281 + 0.006. Discriminant D8 (error
4.5% in 88 workers and 0.0% in 44 nest means of
T. alpestrein the region defined in 9-11): 2.810 *
ML + 5.130 * PPW + 1.876 * SPWI + 4.863 *
PreOc + 1.182 * Ppss - 2.349 * MtpW - 2.908 *
CW - 2.565 * SLd - 8.968 * POTCos - 1.265 *
PnHL - 4.676 * MPST + 0.186 * ALT + 109 > 0. 12

Petiole narrower, distance between outer margins
of propodeal spines smaller: PEW / CS = 0.322 £
0.011, SPWI/CS =0.282 + 0.017. Petiole lower:
PEH / CS = 0.346 + 0.009. Longest hair on fronto-
lateral corner of pronotum longer: PnHL / CS =
0.276 + 0.020. Distance between antennal fossae
larger: dAN / CS = 0.288 + 0.007. D8 < O (error
4.5% in 222 workers and 0.9% in 111 nest means
of T. caespitumandT. indocile in the region de-
fined in 9-11). .....oooviiiiieee e 13

12 Sculpture on dorum of petiole and postpetiole of-

ten less developed; interspaces between the strong-
er rugae and rugulae frequently smooth or with
faint microsculpture. Dorsum of postpetiole often
with shiny areas. Rugae and rugulae on parame-
dian and lateral areas of dorsal postpetiole weaker
and with more longitudinal orientation. Pigmen-
tation of mesosoma varying from brown to black.
Longest hair on frontolateral corner of pronotum
shorter: PnHL / CS = 0.248 £ 0.025. Postpetiole
wider: PPW / CS = 0.424 + 0.011. Eye wider: EW

/ CS = 0.146 + 0.004. Discriminant D9 (error 6.8%
in 88 workers and 2.3% in 44 nest means in the
region defined in 9b): 3.370 * ML + 5.764 * PPW
+11.408 * EYE + 4.184 * PEL + 4.097 * PPL +
3.508 * Ppss - 3.533 * PoOc - 6.001 * CW - 2.123
*SLd - 20.511 * POTCos - 3.151 * MPSP + 0.135
FALT + 270> 0. oooviiiiiieeeecciiieee e seeee T. alpestre

Sculpture on dorsum of petiole and postpetiole of-
ten more developed; interspaces between stronger
rugae and rugulae with fine transverse or reticu-
late microsculpture. Dorsum of postpetiole often
rather dull; shiny areas can occur, but only onllsma
patch on dorsomedian postpetiole. Rugae and ru-
gulae on paramedian and lateral areas of dorsal
postpetiole coarser and semicircular. Mesosoma in
adult workers usually light to dark brown, never
black. Longest hair on frontolateral corner of pro-
notum longer: PnHL / CS = 0.260 = 0.026. Post-
petiole narrower: PPW / CS = 0.411 £ 0.012. Eye
narrower: EW / CS = 0.142 + 0.004. D9 < O (error
5.2% in 96 workers and 2.1% in 48 nest means in
T. impurumeastern clade). ................ T.impurum

13 Sculpture on dorsum of petiole and postpetiolenofte

more developed; interspaces between stronger ru-
gae and rugulae with fine transverse or reticulate
microsculpture. Dorsum of postpetiole often rather
dull; shiny areas can occur, but only on small fpatc
on dorsomedian postpetiole. Rugae and rugulae on
paramedian and lateral areas on dorsum of post-
petiole coarser and semicircular. Mesosoma usu-
ally light to dark brown, never black. Distance be-
tween antennae fossae smaller: dAN / CS = 0.278
+ 0.006. Eye shorter: EL / CS = 0.189 + 0.006.
Discriminant D10 (error 3.1% in 96 workers and
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0.0% in 48 nest means df impurum eastern
clade): 1.589 * SPWI + 2.086 * CW + 3.926 * SLd
+ 13.758 * POTCos + 5.145 * PreOc + 7.708 *
PEH + 2.675 * MPSP + 3.374 * PLSP - 2.670 *
HFL - 1.564 * ML - 3.056 * MtpW - 7.396 *
dAN - 11.118 * EYE - 3.098 * PPH - 1.105 *
PnHL - 3.373 * PLST + 11.700 * LAT + 0.118 *
ALT =556 > 0. .eovvviiiiiiiiiiieiieaeeeeeee e T. impurum

Sculpture on dorsum of petiole and postpetiolenofte
less developed; interspaces between stronger rugae
and rugulae frequently smooth or with only sug-
gested microsculpture. Dorsum of postpetiole often
with shiny areas. Rugae and rugulae on parame-
dian and lateral areas on dorsum of postpetiole
weaker and with more longitudinal orientation. Pig-
mentation of mesosoma varying from brown to
black. Distance between antennae fossae larger:
dAN = 0.288 / CS £ 0.006. Eye longer: EL / CS =
0.196 £ 0.006. D10 < O (error 4.0% in 277 workers
and 0.7% in 138 nest means of Europ€&ataes-
pitumeastern clade and Européegrindocile). ..... 17

14 Maximum distance between outer margins of pro-

podeal spines larger: SPWI/CS = 0.301 £ 0.017.
Petiole and postpetiole higher: PEH / CS = 0.360
+0.010, PPH / CS = 0.373 £ 0.011. Discriminant
D11 (error 1.9% in 54 workers and 0.0% in 27 nest
means in the region defined in 9-10): 5.135 * PPW
+5.411 * SPWI + 29.459 * POTCos + 6.689 *
PEH - 5.368 * PPL - 2.306 * PnHL - 17.061 *
MPST - 3.016 * SPST + 0.146 * ALT - 48 > 0.
>1000mas.l oo, T. alpestre

Maximum distance between outer margins of pro-
podeal spines smaller; SPWI/CS = 0.278 + 0.016.
Petiole and postpetiole lower: PEH / CS = 0.345
+0.008, PPH / CS = 0.361 £ 0.010. D11 < O (er-

ror 2.7% in 75 workers and 2.7% in 37 nest means
of T. caespitunandT. indocilein the region defined

N 9-10). ereieeieeiiiiiiee e 15

15 Mainland France (excl. Pyrenees), British Channel

ISIANAS. evvveiiiiie e e 17

Iberian Peninsula, French Pyrenees, Balearic Is-
lands, Corsica, Sardinia. .................commmeennn.. 18

16 Caucasus only. Distance between frontal carinae

and antennal fossae smaller: FL / CS = 0.382 +
0.008, dAN / CS = 0.283 + 0.005. Distance be-

17 Hind femur and scape longer: HFL / CS = 0.826

+ 0.023, SLd / CS = 0.779 + 0.014. Mesosoma
longer and metapleuron wider: ML / CS = 1.179
+ 0.021, MtpW / CS = 0.504 + 0.012. Postpetiole
longer: PPL / CS = 0.169 £ 0.008. Longest hair on
frontolateral corner of pronotum longer: PnHL /
CS = 0.279 £ 0.020. Larger: CS = 770 + 47.
Sculpture on head and mesosoma developed. Dis-
criminant D13 (error 3.3% in 242 workers and 0.8%
in 121 nest means @t caespituneastern clade):
4.272*CS +3.883 * CL + 7.783 * dAN + 4.929
* PEH + 2.350 * Ppss + 4.209 * MPSP + 8.733 *
MCI1TG - 6.570 * MtpW - 7.246 * PoOc - 7.085
*FL - 3.367 * RTI - 3.459 * SLd - 10.625 * PPL

F 247 < O. e T.. caespitum

Hind femur and scape shorter: HFL / CS = 0.791
+ 0.023, SLd / CS = 0.764 £ 0.013. Mesosoma
shorter and metapleuron narrower: ML / CS = 1.155
+ 0.020, MtpW / CS = 0.488 + 0.009. Postpetiole
shorter: PPL / CS = 0.157 + 0.005. Longest hair on
frontolateral corner of pronotum shorter: PnHL /
CS = 0.254 + 0.023. Smaller: CS = 717 £ 52.
Sculpture on head and mesosoma sometimes reduced
and large parts smooth and shiny. D13 > 0 (error
10.1% in 79 workers and 2.8% in 36 indocile
nest means without Iberian population). T..indocile

18 Head longer: CL / CW = 1.012 £ 0.007. Posttem-

poral distance larger: PoOc / CS = 0.405 £ 0.010.
Distance between antennal fossae smaller: dAN /
CS =0.278 £ 0.009. Eye smaller: EL / CS = 0.195
+ 0.008, EW / CS = 0.145 + 0.004. Propodeal
spines shorter: SPST / CS = 0.185 + 0.007. Discri-
minant D14 (error 23.1% in 52 workers, and 4.2%
in 24T. caespitummest means from Iberia): 6.532

* CW + 10.326 * SPST + 8.118 * PLSP - 17.560
* PoOc - 19.893 * PreOc + 1195 < 0.T..caespitum

Head shorter: CL / CW = 1.003 £ 0.006. Posttem-
poral distance smaller: PoOc / CS = 0.391 + 0.011.
Distance between antennal fossae larger: dAN /
CS =0.288 + 0.007. Eye larger: EL / CS = 0.203 +
0.005, EW / CS = 0.150 + 0.003. Propodeal spines
longer: SPST / CS = 0.194 + 0.010. D14 > 0O (error
12.5% in 24 workers and 0.0% in 12 nest means of
Western and Central Europ€eBrindocile). .. T. indocile

tween propodeal stigma and dorsocaudal end of pro- Key to males of theTetramorium caespitum complex

podeal lobe smaller: PLST / CS = 0.252 + 0.008.
Discriminant D12 (error 0.0% in 32 workers):
4.043 * SPWI + 5.776 * CL + 4.686 * PPH +
1.199 * Ppss + 11.585 * MC1TG - 3.593 * PPW -

This dichotomous key considers Europe (incl. Causas
and Ural) and Kyrgyzstan. The male genital morppglo
remains unknown fofFetramorium fusciclavatat.n.and

T. breviscapusp.n., which are endemic to Italy and the

3.318 * FL - 4.665 * PreOc - 1.017 * PnHL - 6.289
* MPSP - 3.502 * PLST + 14.909 * LAT + 0.227 *

Balkans, respectively. Figures S3 - 5 show typécam-
ples of paramere structure; for further examples,Fgure

ALT - 1870 > 0. > 1000 m a.s.l. T.. caucasicum sp.n.
— Distance between frontal carinae and antennal fos-
sae larger: FL / CS = 0.391 + 0.008, dAN / CS =
0.289 + 0.006. Distance between propodeal stigma
and dorsocaudal end of propodeal lobe larger:

S1; "n" is always the number of nests investigated.

1 Ventral view: one or two corners visible on ven-
tral paramere lobe (Fig. S3a - d, arrows). Posterio
view: no distinct emargination between paramere
lobes (Fig. S4a - d, A arrowsjgespiturdike form. .. 2

PLST / CS = 0.262 + 0.008. D12 < 0 (error 0.8%
in 122 workers and 0.0% in 61 nest meand .of
caespitumandT. indocile in the region defined in
9-16). teeiiiiiiee e 17
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Ventral view: no corner but rounded ends on ven-
tral paramere lobe (Fig. S3e - h, arrows). Posterio
view: distinct division of ventral and dorsal lobg



deep emargination between paramere lobes (Fig.
S4e - h, A arrows)mpurumlike form. ................. 4

2 Ventro-posterior view: ventral paramere lobe with
two corners, > 87 um apart (101 + 16; n = 8) (here
in posterior view: Fig. S4d, B arrow). Often in
anthropogenically influenced, vegetation-free, and
even concreted habitats. In Europe nesting < 1000 m
AS T..immigrans stat.n.

— Ventro-posterior view: ventral paramere lobe has
one corner or two corners, < 87 um apart (here in
posterior view: Fig. S4a - ¢, B arrow). All regions
and habitatS. ... 3

3 Posterior view: two sharp corners on ventral para
mere lobe (Fig. S4c, B arrow, n = 5). Corner be-
tween ventral and dorsal lobe often missing or kmal
and positioned more ventral (Fig. S4c, C arrow).
In Europe rare and < 51° N. ................ T..indocile

— Posterior view: usually one corner on ventral para-
mere lobe (Fig. S4a - b, B arrows, n = 41). Corner
between ventral and dorsal lobe often large and po-
sitioned more median (Fig. S4a, b, A arrows), but
sometimes missing or small. ............ T...caespitum
(whole Europeand ..............cceeee T. hungaricum
(Pannonian zone, Balkans, Eastern Europe)

4 Posterior view: sharp corner at end of ventral para
mere lobe (Fig. S4f, B arrow, n = 2). Caucasus.only
Nesting > 1000 m a.s.l. ......... T. caucasicum sp.n.

— Posterior view: rounded margin at end of ventral
paramere lobe (Fig. S4e, g, h, B arrows). ......... 5

5 Lateral view: paramere length < 991 um (n = 11).
Posterior view: dorsal and ventral paramere lobes
often longer and narrower (Fig. S4e). Dorsal view:
dorsal paramere lobe often longer and sharp-ended
(Fig. S5a, A arrow). Nesting > 900 m a.s.IT..alpestre

— Lateral view: paramere length > 1014 um (n = 21).
Posterior view: dorsal and ventral paramere lobes
often shorter and wider (Fig. S4g, h). Dorsal view:
dorsal paramere often shorter and with round end
(Fig. S5b, c, A arrow). Nesting <2000 m a.s.l....6

6 Dorsal or posterior view: ventral paramere lobdawit
distinct corner between lobe top and emargination
with dorsal paramere lobe (Fig. S4g, C arrow; Fig.
S5b, B arrow, n = 3). Pannonian zone, Balkans,
Eastern Europe, Central Asia. T..staerckei sp.rev.

— Dorsal or posterior view: ventral paramere lobdwit
out corner between lobe top and emargination with
dorsal paramere lobe (Fig. S4h, C arrow; Fig. S5c,
B arrow, n = 18). Iberia, Western Europe, Central
Europe, Balkans, Anatolia. ................ T..impurum
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