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Four species within the supercolonial ants of Ta@inomanigerrimumcomplex
revealed by integrative taxonomy (Hymenoptera: Foidae)

Bernhard 8IFERT, Dario D'BEUSTACCHIOT, Bernard KUFMANN, Massimiliano ENTORAME, Pedro [ORITE
& Maria Vittoria MODICA

Abstract

The West and Central Mediterranean ants known foyéars under the nanf@pinoma nigerrimun{NYLANDER,
1856) have attracted attention because of thatiefit chemical weapons, impressive supercolonespmtential to
limit the spreading of the Argentine Ahinepithema humiléMAYR, 1868). The paper shows that thenigerrimum
complex consists of at least four clearly separaplkecies which differ in morphology of all casteslony demo-
graphy, geographic distribution, invasive potensiatl mtDNA data. Species delimitation by means e$tNCentroid
Clustering, considering 20 quantitative phenetiarelaters in 159 nest samples, resolved four coamtidlusters in
both female and male castes which are classifidd agerrimum T. magnunMAYR, 1861,T. ibericumSANTSCHI, 1925,
andT. darioi sp.n. The exploratory data analyses NC-Ward alingtend NC-k-means clustering showed a mean dis-
agreement from the final species hypothesis betWesmmd 2.7% in workers on the nest sample levegreds the clas-
sification error of a linear discriminant analysias 4.2% in 533 worker individuals. The four phénetusters were
basically confirmed by analysis of the COI segmdrmitbNA with the smallest mean K2p genetic distantd.8%
observed ifT. darioi sp.n. against. magnumand the largest one of 4.0%TinnigerrimumagainstT. ibericum These
data suggest a species divergence between lateRé@and early Pleistocene (3.3 - 1.5 Ma). The mitDiplotypes
of nine phenotypically idedl. darioi sp.n. supercolonies, found at three sites in swntRrance, and Italy were placed
within the T. magnuncluster. Among four alternative scenarios discddee these mismatches, hybridization events
in the younger evolutionary history with subsequamitlirectional genomic purging of nuDNA was propdgo be the
most likely explanationTapinoma nigerrimunis monodomous to moderately polydomous with agipadetween neigh-
bouring colonies, whereds magnumT. ibericum andT. darioi sp.n. are supercolonial with a potential to becomasive
pest ants through introduction by human commeroeEkrope north of 48° N,. magnuntould establish populations in
nine cities in Germany, Belgium, and the NetherlandsereasT. ibericumis known so far from one site in South
England only, and. darioi sp.n. from one city in the Netherlands. The défdial zoogeography and biology of the
four species and ways of species delimitation atined and discusse@apinoma dariosp.n. is described as new.

Key words: Nest Centroid Clustering, cryptic species, invasipecies, interspecific hybridization, new specigs;
directional genomic purging.
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Introduction

The ants collected throughout the last 50 yeargutick
nameTapinoma nigerrimuniNYLANDER, 1856) have re-
peatedly attracted the interest of myrmecologiSkeir
fighting and interference behaviour repeatedly dtocthe
focus of interest. The defensive secretion prodimethe
anal gland is highly poisonous to probably all species,
is a mixture of ketones and a dialdehyde and paiizee
if sprayed on the cuticular surface of an enemyctvipire-
vents the evaporation of the toxic ketonesgERMEHL

1976). These dominant, frequently supercolonias ané
distributed in the West and Central Mediterraneartg
of Europe and Africa but seem to be absent for ankn
reasons from the Balkans and Asia Minor. They ardip
cularly abundant in open unstable or degraded avéhs
significant to very strong anthropogenic influerared a
weakly developed tree layer, are typical for coeesteas
and are frequent in city centers. As a rather rtedevelop-
ment, these ants became strongly invasive in uabaas

" This study would have been part of the PhD thesBario D'Eustacchio who died on 14 October 2014 ierrible car accident.

This paper is dedicated to his memory.



north of 48° N to which they were introduced witlamt
material. They developed supercolonies in the dhiction
area and are on the way to become a significantspes
cies rivalingLasius neglectu¥ AN LOON, BOOMSMA &
ANDRASFALVY, 1990. The identification method introduced
in this paper showed that all three cryptic spewih a
supercolonial demography basically have an invagore
tential but nine of the eleven checked introductionGer-
many, Belgium, England, and the Netherlands haveeto
referred to a single species. At least two of thasive
species may forage at ground temperatures of L-ahd
at least one species shows a high frost resistémte.of
the T. nigerrimumcomplex are known from Corsica and
southern France to limit the spread of the invagixgen-
tine ant,Linepithema humil¢MAYR, 1868). In space and
food competition assays of BHT & al. (2010) ants of this
species complex appeared to be more efficient Lian
epitheman both interference and exploitative competition,
clearly superior in direct fighting, dominated foedL00%
of the replicates after one hour, and invatleepithema
nests while the reverse was never observed.

This multitude of interesting biological propertigghich
are also relevant for humans from an economic pafint
view, generates a high interest for an in-deptlotaxnic
study of these ants. This paper aims to show teathts
collected under the nanfepinoma nigerrimuntonsist
of at least four clearly separable species whidtedin
morphology of all castes, colony demography, geuga
distribution, invasive potential and mtDNA datae$h dis-
coveries became possible after the recent develapoie

2014.09.15, No 25F [43.773, 3.869, 106]; St. Mathde
Treviers-S, 2014.09.15, No 25G [43.773, 3.869, 106]
Uzes-North, 2014.09.14, No 25H [44.029, 4.416, 119]
Uzes-South, 2014.09.14, No 25D [44.028, 4.416, 119]
Villen. les-Maguelonne, 2012.04.29, No T1S2, No 2I2S
[43.515, 3.834, 1]. Spain: Almaden, Sierra Magina,
1994.xx.xx, No AM1 [37.772, - 3.562, 1097]; Cruce ld
Fuensanta,1996, No CF15 [37.652, - 3.829, 1206}e80

- 1.8 km SSE, 2014.10.31, No SM1 [37.772, - 3.4931];
Torres - 2.2 km SSE, 2014.10.31, No SM2 [37.768,
-3.496, 1016].

Tapinoma magnum MAYR, 1861: A total of 79 nest
samples plus the type male and gyne with 252 werl&&
gynes and 31 males originating from the followiroye-
tries: Algeria (7 samples), Belgium (1), France)(Z3er-
many (8), Italy (32), Morocco (7), the Netherlaiftls Spain
(1), and Tunisia (1). Algeria: AinTaya, 201211, No
[36.790, 3.290, 27]; Alger, El Harrach, ESNA, 204&2xXx,

No 2 [36.700, 3.140, 8]; Alger, El Harrach, ESNA]12.
11.25 [36.700, 3.140, 8]; Alger, Zeralda, 2012.09No 1,

No 2 [36.710, 2.850, 43]; Blida, Citrus orchard1212.14,
No4 [36.480, 2.830, 230]; Qued Isser, 1988.05.5183,
3.67,5]. Belgium: Oostende, 2015.03.25 [51.209,
2.909, 3. France: Bordeaux, 2008.03.08, No 10
[44.783, -0.517, 4]; Corse: Ajaccio (coll. Santyclpre
1925.xx.xx [41.910, 8.740, 16]; Corse: Monacia ddigke,
2012.xx.xx, No 2 [41.513, 9.011, 104]; Corse: Olmet
2009.07.19, No 16 [41.700, 8.837, 2]; Corse: S@esnz
2009.07.23, No 14 [41.850, 9.400, 2]; Corse: SirdHit,
2012.07.19, No 14 [42.674, 9.000, 1]; Frejus-Plaify,

high-resolution methods of Numeric Morphology-Based 2014.10.09, No TFra5 [43.418, 6.745, 1]; Gruis2i1i4.

Alpha-Taxonomy (NUMOBAT) in which Nest Centroid
Clustering (®IFERT & al. 2014) plays a central role.

The extreme difficulty of phenotypical species nheli
tation made it sensorially and mentally imposstbléorm
any prejudice on possibly existing cryptic spetiesause
even experienced and skilled morphology-based t@xon
mists apparently can not discriminate them by stngyle-
inspection. The idea for the existence of more thaimgle
species was developed during running routinesesfihth-
ical exploratory data analyses of multiple morplgidal
characters in the large material of more than2&finoma

nigerrimumcomplex samples collected by Dario D'Eus-

tacchio in the West Mediterranean. In order to ielate
this point, an integrative study has been carrigidcon-

09.17, No 251 [43.097, 3.112, 2]; Le Grau du Rd12.
09.19, No 38L, No 380 [43.546, 4.124, 3]; Le MW km
W, 2014.10.09, No TFra4 [43.466, 6.544, 41]; Ly¥dit;
leurbanne, 2011.xx.xx, No LM224 [45.749, 4.877,]181
Lyon, city, 2011.xx.xx, No LM220 [45.726, 4.828,716
Marseillan, 2014.09.18, No 7F [43.311, 3.548, 3w
zZieu - 2.6 km ESE, 2014.07.18, No DUMP [45.76035,0
208]; Meyzieu - 2.9 km ESE, 2014.07.18, No fiel8.[%8,
5.039, 209]; Nizza, city, 2014.10.08, No TFra2 pBE5,
7.267, 7]; Port Camargue, 2014.09.19, No 38N [48,51
4.124, 2]; Saintes-Marie, city, 2013.08.13, No TH#8.453,
4.634, 0]; Saintes Maries de la Mer, 2014.09.19 38B
[43.450, 4.413, 2]; Sete, 2014.09.18, No 38E [43.3617,
1. Germany: Edesheim, 2009.06.xx [49.263, 8.135,

sidering NUMOBAT data, zoogeography, and mtDNA as 153]; Ginsheim-Gustavsburg, 2012.11.01 [49.967548.3

a genetic marker.
Material

A detailed account of the samples is given belowhin
sequence site, date in the format yyyy.mm.dd, samn-
ber [latitude in decimal format, longitude in deainfor-
mat, altitude in meters]. Missing data in the dstng are
given by "xx".

Tapinoma nigerrimum (NYLANDER, 1856): A total of
19 nest samples with 69 workers, 5 gynes, and 28sma
originating from France (15 samples) and Spainaf#-s
ples). France:
No 3, No 4, No 5 [43.177, 3.104, 121]; Bouches thorie:
Charleval, 1987.07.11 [43.715, 5.245, 162]; Gigeau3 km
ESE, 2012.04.29, No T1S4, No T2S4 [43.489, 3.748];2
Prades-le-Lez - 1.5 km SE, 2012.04.xx, No K, No R;G
No K-PN [43.684, 3.876, 88]; St. Mathieu de Tresidl,
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88]; Hanhofen, 2011.08.31 [49.316, 8.338, 106]elhgim,
2009.06/09.xx [49.967, 8.050, 122]; Ingelheim, 200X,
No K2 [49.967, 8.050, 122]; Neustadt, 2009.10.28,1\
No 3, No 6 [49.350, 8.150, 136]; Speyerdorf 2016204
[49.338, 8.195, 123]; Weinheim, 2016.xx.xx [49.58%32,
100]. Italy: Brindisi - 3 km NW, 2013.08.10, No TPu
[40.652, 17.909, 15]; Capo Comino - 2 km E, 2014.04
No TSa2 [40.535, 9.817, 2]; Casoli di Atri, 201318
No TAb8 [42.619, 13.984, 152]; Castelporziano, 20334,
No TLall [41.672, 12.399, 15]; Castelporziano, 20846,
No TLa47 [41.752, 12.430, 56]; Cosenza: CratitaBd.

Armissan - 1.5 km SSE, 2015.05.0805.21 [39.30, 16.20, 210]; Eraclea Minoa - 1 kn2@&l13.

04.01, No TSil17 [37.390, 13.293, 17]; Genzano didnia
-1 km S, 2013.04.06, No TBal [40.837, 16.036, 560]
Grava - 1 km SE, 2013.03.28, No TSi8 [37.883, 13,15
400]; Lerici-city, 2014.10.06, No TLi1 [44.082, 98, 6];
Letojanni - 2 km NE, 2013.03.27, No TSil [37.893.3P1,



41]; Lipari - 1 km N, 2014.06.12, No TEo1 [38.4712,954,
3]; Marina di Ascea city, 2013.10.22, No TCa5 [48]1
15.157, 7]; Marina di Lesina, 2013.09.02, No TRA6 916,
15.334, 2]; Marina di Tortora - 1 km N, 2013.08.N3y
TBa3 [39.925, 15.756, 16]; Marzanemi - 3 km S, 204.82,
No TSi26 [38.710, 15.120, 46]; Mercatale, city, 201.18
No TMa6 [43.783, 12.484, 245]; Motta Camastra %,
2013.03.28, No TSi4 [37.881, 15.173, 25]; Ogliadita-
rina, city, 2013.10.22, No TCa3 [40.230, 14.934; Pisa
-6 km E, 2013.07.30, No TTo7 [43.682, 10.448,Fi%a,
type Tapinoma magnurfleg. Savi), pre 1861.xx.xx [43.75,
10.40, 7]; Potenza, Basilicata, 1936.05.12 [40.66/917,
953]; Potenza, 2014.07.15, [40.654, 15.809, 600ht®
Grande - 1 km W, 2013.04.01, No TSi20 [37.289, 13,4
32]; Roma city, 2013.04.30, No TLa4 [41.905, 12,68%];
Roma, city, 2013.05.09, No TLalb [41.907, 12.51F; 4
Roma: Meda park, 2013.06.04, No TLal7 [41.913,4&.5

[38.898, -3.844, 636]; Pozuelo de Calatrava - 06N
2014.04.24, No PCAZ2 [38.917, -3.838, 622]; Pozuklo
Calatrava - 1 km ESE, 2014.04.24, No PCA1 [38.909,
-3.826, 627]; Pozuelo de Calatrava - 1 km S, 201.24)
No PCA4 [38.903, -3.839, 630].

Tapinoma darioi sp.n.: A total of 40 nest samples
with 141 workers, 24 gynes, and 29 males originftg
the following countries: France (19 samples), I{aR), the
Netherlands (1), and Spain (7). France: Argeles420
09.17, No 7M [42.550, 3.049, 2]; Canet Plage, 20947,
No 70 [42.680, 3.034, 1]; Chalon Sur Saone, 201307
[46.775, 4.857, 175]; Corse: Bonifacio - 5.5 km2B]12.
xx.xx, No 1 [41.371, 9.222, 4]; La Grande Motte12M4.
30, No GM [43.560, 4.084, 8]; La Grande Motte, 2015
05.07 [43.561, 4.084, 8]; La Grande Motte, 20140N@
38B, No 38D [43.557, 4.030, 4]; Le Grau d'Agde-East
2014.09.18, No 7R [43.282, 3.454, 2]; Le Grau d'é&gd

90]; Roscigno - 1 km N, 2013.10.21, No TCal [40,409 West, 2014.09.18, No 7G [43.282, 3.456, 2]; Pottdate-

15.342, 592]; San Basilio - 1 km E, 2013.03.29, T&11
[38.012, 14.791, 818]; San Paolo - 5 km E, 2013.84.
No TSi30 [36.822, 15.084, 34]; Scerne - 1 km SH,3206.
25, No TADb3 [42.641, 14.046, 1]; Varezze-city, 20048,
No TLi7 [44.357, 8.571, 10]; Viareggio - 6 km S,120
07.29, No TTo6 [43.814, 10.260, 1]. Morocco:
saouira city, 2014.03.05, No TMor4 [31.512, -9.78B,
Essaouira city, 2014.03.05, No TMor5 [31.511, -9,74;

East, 2014.09.17, No 7P [42.862, 3.047, 3]; Pouchte-
Mid, 2014.09.17, No 7J [42.862, 3.046, 2]; Port tate-
West, 2014.09.17, No 7E [42.860, 3.046, 1]; Poridate,
2014.09.17, No 7H [42.863, 3.046, 2]; Port la Ndleye
2014.09.17, No 7N [43.007, 3.057, 2]; St. Pierrd&x-E,

Es- 2014.09.16, No 7A [43.179, 3.193, 3]; St. Pierrlie-W,

2014.09.16, No 25M [43.177, 3.192, 7]; Valras P|@§d5.
05.08 [43.241, 3.283, 3]; Valras Plage, 2014.09\87|

Hamrawa - 4 km NE, 2014.03.09, No TMor19 [34.007, [43.242, 3.285, 1]. Italy: Castelporziano, 20131d6.

-5.557, 398]; Hamrawa - 4 km NE, 2014.03.09, No TA0o
[34.007, -5.556, 398]; Meknes - 2 km S, 2014.03N8,
TMorl8 [33.910, -5.556, 467]; Torres-de-Alcala, 201
03.08, No TMorl4 [35.157, -4.327, 4]; Torres-de-aiig

No TLa27 [41.698, 12.352, 13]; Castelporziano, 208.38,
No TLa29 [41.698, 12.354, 7]; Castelporziano, 206.3.9,
No TLa31 [41.694, 12.357, 0]; Castelporziano, 208.28,
No TLa36 [41.684, 12.376, 9]; Castelporziano, 20443,

2014.03.08, No TMor15 [35.158, -4.326, 4]. Nether- No TLa45[41.699, 12.350, 1]; Drignana - 1 km NB12.

lands: Ulft, 2016.06.17, [51.887, 6.383,18]. Spain
Donana National Park, 2014.03.05, No 1 [36.98284.7].
Tunesia: Cheri-Cheri, 1930.08.16 [35.640, 9.816].23

10.06, No TLi3 [44.149, 9.685, 489]; Marina di Atbse -
1 km NW, 2013.07.27, No TTo2 [42.653, 11.024, 5arMm
na di Alberese - 2 km SE, 2013.07.28, No TTo3 [42,6

Tapinoma cf. magnum: One nest sample of six workers 11.054, 8]; Marina di Alberese - 3 km SE, 2014.20Mo

with conflicts between NUMOBAT, mtDNA and geograph-

ic distribution patterns from Italy: Roma, Cervidet
park, 2013.06.13, No TLa24 [41.917, 12.585, 40].
Tapinoma ibericum SANTSCHI, 1925: A total of 23 nest
samples plus the type male with 83 workers, 4 gyaed
18 males originating from England (1 sample), Ryat2
samples), and Spain (20 samples). E n g | a nisle of

TT010 [42.641, 11.060, 2]; Marina di Alberese -rb BE,
2013.07.28, No TTo4 [42.630, 11.082, 1]; Maringdn
Nicola, 2013.07.13, No TLa38 [41.920, 12.136, 1h&
tello - 3 km SE, 2013.07.26, No TTol [42.417, 15,28;
Principina - 1 km S, 2013.07.29, No TTo5 [42.68B001,
8. Netherlands: Wageningen, 2016.10.06 [51.9784,
5.6701, 12]. Spain: Bellaterra, University Campus,

Wight: Ventnor Botanic Garden, 2016.09.07 [50.5891,2015.11.13 [41.501, 2.110, 128]; Castellon (colisibet),

-1.2293, 26]. Portugal:
02.10, No 2 [37.073, -8.766, 47]; Montinhos da Ldz5 km
SSW, 2016.02.10, No 5 [37.075, -8.756, 46]. Spain

Burgau - 0.8 km E, 2016. pre 1925.xx.xx [39.980, -0.040, 38]; Mallorca: Skor-

ella, pre 1975.xx.xx (leg. Collingwood) [39.80, @.250];

: Menorca: Cala Porter, 1976.04.19 [39.873, 4.13p,FHat-

Almagro - 2.3 km SSE, 2014.04.24, No PCA7 [38.871,ja de Garbet, 2003.09.30, No 16160 [42.392, 3.752,

-3.697, 655]; Almagro - 5.2 km W, 2014.04.24, NoABC

Talamanca - 1.1 km N, 2015.09.28 [41.746, 1.977];41

[38.896, -3.768, 676]; Cabo de Gata - 1 km WNW,5199 Val de Ramio, 2000.07.11 [41.714, 2.622, 232].

xx.xx, No CG20, No CG24 [36.756, -2.121, 27]; ErtRo

Tapinoma erraticum (LATREILLE, 1798): Two samples

chuelo, 2013.10.20, No CV - 12, No CV - 13 [37.727, with six workers were used as outgroups in the ghyl

-3.803, 745]; Jaen, University Campus, 2015.053¢x7187,
-3.775, 430]; La Lambra, Rus, 2004.xx.xx, No AHS8.{%2,
-3.488, 435]; Los Villares - 0.8 km NE, 2013.09.kq CV
- 6 [37.692, -3.812, 625]; Los Villares - 1.1 km NID13.
10.20, No CV - 11 [37.698, -3.811, 585]; Madrid iBard
(coll. Santschi), pre 1925.xx.xx [40.400, -3.7080p Mo-
ral de Calatrava 2.4 km SE, 2014.04.24, No PCAS[[38
-3.556, 630]; Navaconcejo - 2.9 km SW, 2015.08403161,
-5.856, 434]; Pozuelo de Calatrava, tyfmpinoma iberi-
cum(coll. Santschi), pre 1925.xx.xx [38.91, -3.84083
Pozuelo de Calatrava - 1.6 km SSW, 2014.04.24, CsP

genetic tree. Italy: Percile - 2 km E, 2013.06.28,
TLa34 [41.090, 12.938, 799]; Pineto - 3 km SE, 20%3
26, No TADb4 [42.586, 14.088, 4].

Tapinoma madeirense FOREL, 1895: Two samples
with six workers were used as outgroups in the ghyl
genetic tree. Italy: Fonni-9 km SE, 2014.04.46,
TSalO [40.082, 9.349, 1184]. Spain: Sierra de Hueto
2004.04.19, No FT3 [37.258, - 3.490, 1280].

Tapinoma subboreale SEIFERT, 2012: Two samples
with six workers were used as outgroups in the quish-
etictree. Italy: Cesacastina -2 km W, 2013.06N®,

125



TABG6 [42.588, 13.424, 1460]; Civita - 7 km E, 2008.
24, No TLa37 [41.774, 12.490, 1146].

Tapinoma simrothi KRAUSSE, 1911: Three samples
with nine workers were used as outgroups in thdghy

genetic tree. Morocco: Aghorizme - 3 km S, 2014.

03.04, No TMor2, TMor3 [30.058, -9.656, 10]. Spain:
Jaraicejo - 3 km E, 2013.04.05 [39.672, -5.781]566

Type material

Tapinoma nigerrimum (NYLANDER, 1856): Neotype,
major worker, top specimen on a pin with four waske
labelled "FRA: 43.6843°N, 3.8763°E, Prades-le-L&z>

adjustment of specimens at magnifications of 1260 x.
The mean relative measuring error over all magatifims
was 0.2%. A Schott KL 1500 cold-light source eqeipp
with two flexible, focally mounted light-cables,gmiding
30°-inclined light from variable directions, allodeuf-
ficient illumination over the full magnification nge and
a clear visualization of silhouette lines. A Sch¢itt2500
LCD cold-light source in combination with a Leicaax-
ial polarized-light illuminator provided optimalgelution
of tiny structures and microsculpture at highest it
cations. Simultaneous or alternative use of thd-tight
sources depending upon the required illuminatigine

SE, 88 m, monodomous colony, Kaufmann 2012.04.30 -was quickly provided by regulating voltage up aogvd.

K" and "Neotype (top specimefapinoma nigerrimum

In order to achieve a sharp visualization of contines

(NYLANDER, 1856), des. B. Seifert 2016". The neotype of cuticle, transmitted-light conditions were geated by

nest sample totals 18 males, 2 gynes, and 24 wrkdr
material is stored in SMN Gorlitz. Comment: As tyee
not present in the Nylander collection in Helsirkineo-
type was fixed. The descriptive statements in tligiral

description allow to conclude onTapinoma nigerrimum
complex species but not which of the four cryppedes
Nylander could have seen. Yet, the type localitpcls
aridis prope Monspelium" (Dry locality near Montjper)

gives an indication. Accordingly, we fixed a neatyip the
species accounting for any of the nifi@pinoma niger-

rimum complex colonies found within a radius of lesstha

20 km around Montpellier under exclusion of the iean
ate shore line.
Tapinoma magnum MAYR, 1861: Lectotype male

labelled "Savi Pisa.", "v. nigerrim. Magnum det. wfa
[both labels in Mayr's handwriting], “"Lectotyd@apinoma

magnum(Mayr, 1861) des. B. Seifert 2012" and "AntWeb

CASENT 0915547". One paralectotype gyne on angiiner
labelled "Savi Pisa.", "v. nigerrim. Magnum det. ya
[both labels in Mayr's handwriting] and "Paralegpa Ta-
pinoma magnuniMAYR, 1861) des. B. Seifert 2012". Both
specimens stored in NHM Wien.

Tapinoma ibericum SANTSCHI, 1925: Type male la-

belled "Type", "Tapinoma nigerrimum Nyl. v ibericum

Sants. type" [Santschi's handwriting], "POZUELO La
Fuente" and "ANTWEB CASENT 0911578", NHM Basel.

The type was remounted and the genital preparad in
situ position.

Tapinoma darioi sp.n.: Holotype, a major worker on
the same pin with three paratype workers, labellea:
41.69858°N, 12.34985°E, Roma, Castelporziano, Gnot-
ta di Piastra, dune, D’Eustacchio 20140423-TLaZ43b|o-
type (top specimen) and paratypeapinoma darioiSel-

directing the light stream of a light-cable on aitehre-
flector plane at the base of the pin-holding st@gkeica
cross-scaled ocular micrometer with 120 graduatianks
ranging over 52% of the visual field was used. Void
the parallax error, its measuring line was congfaapt
vertical within the visual field.

NUM OBAT: The morphometric characters

15 NUMOBAT characters were investigated in workers

(CL, CW, dAN, EL, ExCly, ExClyW, ExOcc, Fu2, IFu2,

MpGr, ML, MW, nExCly, PoOc, and SL), 13 in males

(ALPH, CL, CW, dAN, EL, ExBasi, ExCly, ExClyW, Fu2,

IFu2, ML, WSPL, and SL), and 14 in gynes (CL, C\VANJ

EL, ExCly, ExClyW, ExQOcc, Fu2, IFu2, ML, MW, nEXGCly

PoOc, and SL). In bilaterally developed charactarish-

metic means of both body sides were calculatedmaks-

urements were made on mounted and fully dried speci
mens. Measurements of body parts always referab re
cuticular surface and not to the diffuse pubescesure
face. The reproducibility of NUMOBAT data recordiing
general is strongly dependent from carefully coasity

the character definitions. In very small structui@sch as

FU?2) the resolution of the microscope and illunimatof

the object are also important.

ALPH The angle formed by the sides of the cauda¢to
of the subgenital plates as a function of the bilat
eral mean of WSPL and a constant distance meas-
ure (see below, Fig. 1). ALPH = arcus tan (WSPL
/200 pum).

CL Maximum cephalic length measured between points
A and B; A is the posteromedian margin point of
head capsule; B is an imagined median point siuate
at the same transversal level as the most anterior

FERT & al."; two paratype gynes and two paratype males points of clypeus left and right of clypeal excisio

on other pins with the same collecting data. Anoth®
pins with 8 paratype workers from a nest situatéd &
east, labelled "ITA: 41.69823°N, 12.35240°E, Rofas-
telporziano, 13 m, Tor Paterno parcel, dune, usteub,
D'Eustacchio 20130614-TLa27". All material stored i
SMN Gorlitz.

M ethods

NUMOBAT: Equipment and measurement procedures
A pin-holding stage, permitting full rotations armuX, Y,

and Z axes and a Leica M165C high-performancestere

microscope equipped with a 2.0 x planapochromdtic o
jective (resolution 1050 lines / mm) were useddjpatial
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Bilateral asymmetries are averaged.

CS Cephalic size; the arithmetic mean of CL and CW.

CW Maximum cephalic width.

dAN Minimum distance of the inner (centripetal) mar
gins of antennal socket rings which is best measur-
able in dorsofrontal view (Fig. 2).

EL Eye length; maximum diameter of the compound
eye over all structurally defined ommatidiae; bilat
eral mean.

ExBasi Depth of the excavation of distal basimesg-m
gin in ventral view. Adjust median basimere margin
in visual plane (Fig. 1).

ExCly Maximum depth of anteromedian clypeal exaisio
as it appears in frontodorsal view and with median



Fu2W Median width of second funiculus segmerdan
sal view. Use of transmitted-light is important to
visualize the real cuticular surface.

IFu2 Index Fu2/ Fu2w.

ML Mesosoma length from the caudalmost point of lat
eral metapleuron to rear margin of anterior pranota
fringe (in workers) or to the anteriormost point of
anterior mesosomal face (in males and gynes). In
workers, if anterior measuring point is concealed,
keep the orientation of measuring line, choose a
higher magnification, measure from the caudalmost
point of lateral metapleuron to the level of promes
notal margin and multiply by 1.427 in th@pinoma
nigerrimumspecies complex (1.397 in tfie erra-
ticum species complex, 1.422 in tfie madeirense
species complex).

MPGr Depth of metanotal groove / depression inridte
view; the upper reference line extends between the
highest points of mesonotum and propodeum per-

\ pendicular to which depth measuring is performed.

MW Maximum pronotal width.

nExCly Bilateral sum of pubescence hairs and smalle
setae protruding at a few micron across margin of
clypeal excision. The two large anteriormost setae
are not counted (Fig. 2). If there is, at the battf
the excision, a more dorsal, suggested margin-(thin
ner line in Fig. 2) in addition to the more ventral

\ main margin (thicker line), hairs protruding across
2 EXClyW the dorsal margin are included. This dorsad exten-
sion of excision is typically seen in nigerrimum
T. magnumandT. ibericum The correct count in
the example of Figure 2 is 21.
PoOc Postocular distance: distance from the trasaVve
level of posterior eye margin to hind margin ofdhea
measured in median line; bilateral asymmetries are
averaged.

Figs. 1 - 2: (1) Male genital of Bapinoma nigerrimum
complex species in ventral view. (2) Measuring lgpeal
excision width ExClyW and of minimum distance oéth

inner (centripetal) margins of antennal socketsidgN. SL  Scape length excluding articulatory condyle.

WSPI Width of the lobes of subgenital plate 200 lpen
line of head positioned perpendicular in the visua low their tips (Fig. 1). Average the width of both
field; bilateral asymmetries are averaged (Fig. 2). lobes and try to visualize the real cuticular margi

ExClyW Width of clypeal excision at the leveltbk base (which is often badly visible due to dense pubes-
centres of the two most apical and largest setae cence). Adjustment: median line of subgenital plate
(Fig. 2). horizontal in visual field, tips of the lobes atuad|

ExOcc Depth of excavation of posterior vertexadedure: perpendicular level and ventral surface of subgeni-
Focus both posterior corners of vertex until they tal plate in visual plane.

form a sharp contour, adjust them to equal horizon-T inol f mal itali
tal level within the visual field and superimpobe t erminology of male genitaiia
corners with the horizontal line of the cross-scale We follow the terminology used byOSHIMURA & FISHER
Change the focal level upwards until the mediaih par (2011) with the exception of retaining the nameb{gni-
of posterior vertex forms a sharp contour. Read theal plate" for the terminal abdominal sternum. Praea-
depth. mere usually consists of a basal part named heimbee
Fu2 Median length of second funiculus segment in do (= squamula in the terminology oflKTER 1977) and a
sal view. (Dorsal view is given when the swiveling distal part named here harpago (= stipes in thaitel-
plane of T funiculus segment is positioned in the ogy of KUTTER 1977). The parameres are not separated
visual plane). Take care to really measure mediarin all ant groups in a basal and distal part. Tiggtuk is
length (the segment's sides have unequal length}he hook of the volsella (usually the most distat)pwhile
and to recognize the real distal margin of the segthe cuspis is another distal part of volsella (Ugusub-
ment. The latter has a very thin cuticle, frequentl distal). The aedeagus is the most median genigghent
producing a narrow, shining ribbon that seems toand is named by other authors sagitta or penievalv
be, by optical impression, demarcated from the res
of the segment. The median line of the segment i
visualized by centre of the patch reflecting the co Many shape charactersTapinomaare significantly influ-
axial light. enced by allometric growth E8-ERT 2012). This effect is

UM OBAT: removal of allometric variance
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particularly strong in workers of tHB nigerrimumcom-
plex where cephalic width of the largest majors ant®
225% of the value in the smallest minors. In oriere-
veal in comparative tables which shape variablesediy
differ between the species independent from bozly, s
removal of allometric variance (RAV) was perfornwith
the procedure described bgI&RT (2008). Since the eva-
luation of scatter plots showed differing paranwetdrallo-
metric functions in minor and major workers, RAV sva
performed by a biphasic linear function with a lkiag

projects/agnesclustering/. The script is also dedms a
text file in Appendix S1, as digital supplementargterial
to this article, at the journal's web pages.

NC-Ward clustering was run first to indicate thegpu
tive number of K main clusters. In the second Stp;K-
means was performed with the setting of K classggested
by NC-Ward. Classifications being coincident betwéee
hierarchical and non-hierarchical clustering forrttesl hy-
pothesis for the controlling LDA that was subsedlyen
run. Samples with classifications disagreeing behwsC-

point at CS = 950 um. RAV was calculated assumihg a clustering methods were run in this LDA as wild-asr

individuals to have an cephalic size of CS = 900 RAV
functions were calculated as the arithmetic meathef
species-specific functions of 15 Westpalaeartsipinoma
species with currently 1300 evaluated workers. RIA&/
functions of 13 shape and one seta charactersvae i
the following. The variables ExCly / G EXCIyW / CSgo,
and MpGeggo/ CS are given in per cent.
For specimens with C§950 pum:

CL / CWgoo = CL/CW/ (- 0.4590 * CS + 1.4691) * 1.0560
SL/ CSqo = SL/CS/(-0.2101 * CS + 1.1557) * 0.9666

ExOcc/CQyp = ExOcc/CS/(3.796 *CS - 1.5861) * 1.830
EXCly / CSo0 = 100*ExCly/CS/(2.7074 *CS + 6.869) * 9.305

EXCIyW / CSoo = 100 * EXCIyW/CS / (-1.337 *CS + 7.645) *6.442
ExCly / EXClyWhgo= EXCly/EXCIyW / (0.7157 * CS + 1.1608) * 1.8049

NEXClysoo = nExCly / (15.07 *CS - 1.828) * 11.74

EL / CSio = EL/ICS / (-0.0647 * CS + 0.3112) * 0.2530
MW/CSwgo  =MWICS/(0.0652 * CS + 0.5816) * 0.6403
ML / CSo00 = ML/CS / (-0.0387 * CS + 1.3250) * 1.2902
dAN/CSg = dAN/CS/(-0.0042 * CS + 0.2950) * 0.2988
MpGr/CSg = 100*MpGr/CS /(3,581 *CS +0.292) *3.515
Fu2 / CSoo = Fu2/CS / (0.00513 * CS + 0.14518) * 0.14056
IFU2500 = IFu2 / (0.5748 * CS + 1.2905) * 1.8078
PoOC/Clayy = POOC/CL/ (-0.0576 * CS + 0.4372) * 0.3854

and for specimens with CS > 950 pm:

CL/CWyo  =CL/CW/(-0.2955 * CS + 1.3138) * 1.0560
SL/CSo = SL/CS / (-0.2515 * CS + 1.1950) * 0.9666
ExOcc/CS = EXOcc/CS / (4.318 * CS - 2.030) * 1.830
EXCly/CSo = 100 *ExCly/CS/ (-L574 *CS + 10.936) *9.305

EXCIYW / CSgo = 100 *EXCyWICS / (-0.374 * CS + 6.730) *6.442
ExCly / EXClyWbgo= EXCly/EXClyW / (:0.1536 * CS + 1.9866) * 1.8049

NEXClysoo = nExCly/ (17.61 * CS - 3.455) * 11.74

EL / CSyo = EL/CS / (-0.0777 * CS + 0.3236) * 0.2530
MW /CSgp  =MW/CS/(0.0346 * CS + 0.6106) * 0.6403
ML / CSgo0 = ML/CS / (-0.0965 * CS + 1.3800) * 1.2902
dAN/CSg  =dAN/CS/(-0.0031 * CS + 0.2961) * 0.2988
MpGr/CSg =100 *MpGr/CS / (4.770 * CS - 0.838) * 3.515
Fu2 / CSoo = Fu2/CS / (-0.02001 * CS +0.15932) * 0.14056
IFU2s00 = IFu2/(0.2974 * CS + 1.5541) * 1.8078
PoOC/Clyy = PoOC/CL / (-0.0254 * CS + 0.4066) * 0.3854

The final classification (“final species hypoth&kisas es-
tablished by the LDA in the iterative procedureatised
by SEIFERT & al. (2014). There remained no undecided
cases also if their posterior probabilities weigselto 0.5.
The classification of particular type specimens wlzecked
by a "Leave-One-Out Cross-Validation" analysis LDA
(LOOCV-LDA, LACHENBRUCH& MICKEY 1968, LESAF
FRE & al. 1989). LDA, LOOCV-LDA and ANOVA tests
were performed with the software package SPSS 15.0.
Nest distributions along shore and inland were canenxb
by Fisher's two-tailed exact test run with thewafe pack-
age R (RDEVELOPMENTCORETEAM 2012).

The decision if a cluster can be recognized adid va
species was found according to the criterion ofRhag-
matic Species ConceptEBERT 2014) which requires that
the mean error of the applied exploratory dataysesl de-
termined by the controlling LDA must be < 4%. If o
than two clusters are in a data set and if thetetasare
extremely similar as in the presented case, idissed
(see next section) to run the clustering in a steppro-
cedure. The first step runs exploratory data apalys all
samples involved and determines the most cleapgrse
able cluster. The samples of this cluster are éxetuded
from the 2¢ EDA-LDA run in which the next most clearly
separable cluster is identified and excluded from 3¢
run. In theory, the analysis has to be terminatedrnno
cluster with an error rate < 4% remains. Howe\es,ro-
cedure can be stopped by the supervising reseafdher
sample size of a separated cluster becomes tod ismal
ducing an increased risk for premature taxonomigsans
and over-splitting.

The senior author made the experience during s@fe 8
runs of NC-clustering in 10 ant genera that stepwlss-
ter exclusion clearly boosts the performance irasson
of most similar species. This finding is suppotigdNILSEN
& al. (2013). They have shown problems in identifyi
clusters by the usually applied horizontal cutslémdro-
grams of datasets containing many entities. Thegham
sized that such global analyses of all samplesitiesnin

These RAV-corrected variables were used in the exa single step induce the risk that true or reasiensib-

ploratory and hypothesis-driven data analyses.

NUM OBAT: Explorative and supervised data analyses,
classification and statistical testing

The delimitation of the cryptic species was donebyin-
teraction of Nest-Centroid Clustering (NC clustgjiand
a controlling linear discriminant analysis (LDA)CNClust-
ering was run both as hierarchical NC-Ward clustgnon-
hierarchical NC-K-means clustering and NC-NMDS-K-
means clustering. These methods were describeatia m
detail by &IFERT & al. (2014) who also provided a script
written in R and freely available under the GNURIG
license from the following website: https://sounrgk.net/
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clusters within major clusters are not correctigvsh when
some of the clusters are more dispersed than otheds
when there are cases that do not fit in any clagieut-
liers). NLSEN & al. (2013) presented as solution of the
problem a stepwise, fully automated procedure wbijzh
timizes the functions on each level beginning wlith de-
monstration of major clusters and ending with tmaltest
subclusters. The termination of their analysis desided
according to a mathematically defined threshold.

DNA extraction, PCR amplification, and sequencing

Total genomic DNA was extracted from isolated whole
individuals using a standard proteinase K — phédiloro-



form method with ethanol precipitation and for m@str-  using DnaSP 5.10 (RRADO & R0OzAS 2009) while gen-
man, French, Spanish, and North African samplesgusi etic distances were estimated in MEGA @NURA & al.
ChelexX as described inA&SQUET & al. (2012). The DNA-  2013) using Kimura 2-parameters model (K2p), wideh
barcode fragment of the mitochondrial Cytochrom@x@ spite recent criticisms (e.g.RFATHSAN & MEIER 2011)
dase subunit | (COI) was amplified by PCR usingghie  is widely used in barcoding studies. Mean betweenxis
mers LEP-F1 (5-ATTCAACCAATCATAAAGATAT-3)  and within-group K2p distances were calculated BEGA
and LEP-R1 (5-TAAACTTCTGGATGTCCAAAAA-3) for the major clades defined in the phylogenetialysis.
(HEBERT & al. 2004). Amplification reactions were carried Phylogeny was inferred out using two approachesiMa
out in a total volume of 25 or 30 pl, with Qu dNTPs,  mum Likelihood (ML) and Bayesian Inference (Bl).nre
0.16 uM of each primer, 1.20 U Tag Polymerase (Euro-sequences (one of these from Genbank, accessiopenum
bio or Bioline), 1x PCR Buffer, and 50 ng DNA. CiygJ GU373568.1) of species closely related to TAginoma
parameters were as follows: initial denaturatios (€, nigerrimumcomplex were used as outgroups. The best
5 min), 40 cycles (94 °C, 30 s; 48 °C, 30 s; 723Cs)  nucleotide substitution model was selected in jMbédst
and final extension (72 °C, 5 - 10 min). In someasa  2.1.5 (®PsADA 2008), using the Bayesian Information Cri-
0.1ug /ul BSA (New England Biolabs, Ipswich, USA) terion (BIC). ML analysis was carried out with Phiy’.0
was added to the reaction mixture. (GUINDON & al. 2010). Support values for the nodes were
PCR products from French and German specimengstimated with 100 bootstrap replicates. Bl wasediout
were sequenced and run on a 3730xI DNA Analyzer (Ap with MrBayes v. 3.1.2 (BNQUIST & al. 2012) running a
plied Biosystems) by BIOFIDAL (Vaulx-en-Velin, Freg). four-chain Metropolis-coupled Markov chain MonteriGa
After purification with EXO-SAP, according to mamaf  for 10F generations. Trees were sampled every 1000 gene-
turer's instructions, PCR products from ltalian &mén-  rations; convergence of each run was evaluated Usi-
ish specimens were sequenced by Macrogen Inc. (Theer 1.4.1 (RMBAUT & DRUMMOND 2007), and analyses
Netherlands). All sequences data were depositeébden were terminated when ESS values of all parameters w
European Nucleotide Archive, with accession numbers above 200. A consensus tree was then calculated aft

ported in Appendix S2. omitting the first 25% trees as burn-in. FigTreed Figure
All ants from France and Germany: PCR Reac- Drawing Tool Version 1.4.2 was used to draw the NAD
tions were carried out in 30 pl solutions with QM / pl trees.

dNTPs, 0.1ug / ul BSA (New England Biolabs, Ipswich, , ,
USA), 0.16uM / pl of each primer, 1.20 U Taq Poly- Resultsand discussion
merase (Eurobio; GAETAQOQO0), 1x PCR Buffer (Eurobio)
and 2 pl of DNA. Cycling was conducted on a PTC-200
(MJ Research) thermal cycler with following paraemst ~ The species of th€apinoma nigerrimunsomplex are eas-
(I) initial denaturation for 5 min at 94 °C; (lI04cycles ily separated from other Palaearctic species bst@lana-
with denaturation for 30 s at 94 °C, annealing3ors at  lyses of multiple characters. The following chaeesshow
48 °C, and extension for 30 s at 72°C; (lll) fimedten-  the largest differences and may provide a simpbgy for
sion for 5 min at 72 °C. All PCR products were fiad, identification.
sequenced and ran on a 3730xI DNA Analyzer (Applied « Workers: Large-sized and strongly size-polymorphic:
Biosystems) by a service provider for French anth@a  The largest major workers of mature colonies haweet
ants (BIOFIDAL, Vaulx-en-Velin). the cephalic width (CW) and ninefold the body mats
All antsfrom Italy and Spain: PCR were carried out the smallest minor workers. CW may reach 1385 ppa- S
in 25 ul reaction volumes containing 1 x MilliQ (&85 pl),  cies of theTapinoma simrothtomplex are also rather size-
Buffer (3 ul), MgCI2 (2.5 ul), dNTP (1 ul), LEP-F1 polymorphic but CW does not exceed 1050 um — this a
(0.4 ul), LEP-R1 (0.4 ul), BioTaq (0.15 pl) and DNA lows a separation of both species complexes in 20%
(2 pl). The PCR program was set as follows: initial  the individuals. Length to width ratio of seconaiftulus
naturation (94 °C, 5 min), 40 cycles (94 °C, 3@8;°C, segment larger than in other species includingrth&m-
30s; 72 °C, 30 s), and final extension (72 °Cyrig). For ~ rothi complex, IFugy1.74 - 2.06. The bilateral sum of
DNA purification we used a PCR mixture of PCR pro- pubescence hairs and smaller setae protrudingew a
ducts (15 ul) and Exosap (6 ul) for 37 °C (15 many micron across margin of clypeal excision is largpamn in
80 °C (15 min). Sequencing was carried out in Hallay ~ other species, nExCGly, frequently 7 - 21.

Diagnosis of the Tapinoma nigerrimum complex

Macrogen Sequencing. » Gynes: Much larger than in other species. CW in 58
All sequences have been deposited in Genbank witlspecimens 1369 + 59 [1251, 1530]. Species ofTtya-
accessions reported in Appendix S2. noma simrothtomplex are next similar in size and show a

small size overlap: CW in 29 specimens 1155 + ®B[9
1290]. With all measurements in mm, a safe semparati
Both forward and reverse sequences were analyZ8dnn  both species complexes is given by the discrimibgB) =
eious R7.0.6 (Biomatters Inc.) or Seaview 4.@(3 & 30.01 CW - 19.27 CL + 27.42 dAN - 29.71 ExCly - Bl5
al. 2010) to complete contigs that were easilyreliyby  Fu2W - 2.05. Gynes of thE. nigerrimumcomplex have
hand. The invertebrate mitochondrial code table wgEsl  D(6) < -1 and those of tHE simrothicomplex D(6) > 1.
to deduce encoded amino acid sequences and check fo « Males: the genitalia show in ventral aspect a very
stop codons. Alignments were generated using Gagaeio broad basimere and a broad blade-like harpago {Rig.
R7.0.6 and ClustalW program with 122 sequencesn(fro SEIFERT 1984a: figs. 8, 9) which easily separates it fadm
one specimen from colonies which were subject to NU other species complexes{8eRT 1984a: figs. 3-7). The
MOBAT procedures). DNA polymorphism was analyzed members of th&apinoma simrothtcomplex show in ven-

Sequence analysis and inference of phylogeny
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tral aspect a gripper-like harpago and a narrowssinbere
(SEIFERT 1984a: figs. 6, 7).

NUM OBAT clustering: workersform four separate
clades

We present here three steps of exploratory datysas
in which four clades of th&apinoma nigerrimuntom-
plex are resolved. The reasons for the taxononiaimg
of these entities are explained in the next sedbianwe
anticipate the decisions to have an easier presemtan
a first step of analysis, considering the wholeeanat of

The 39 samples dfapinoma darioisp.n. can be subdi-
vided into two clusters (see Fig. 4) with erroesadf 5.1%
in NC-Ward and 0% in NC-K-means giving a mean error
of 2.6%. However, we refrained here from namingfta f
taxon because we consider the sample size too fonall
deciding such a critical case and because the rubmaéth
mtDNA clustering was 39%. We are aware that sublga
mtDNA disagreement may not necessarily indicatecangy
phenotypic species separation. This was shownédgxh
ample of two species of Australian Wood Swallo#s,
tamus personatus and A. superciligswbere phenotypes

159 nest samples and all 15 NUMOBAT characters un-and behaviour differ so strikingly that no ornitbgist

selectively, NC-Ward clustering suggested the erist of
three main clusters. Setting K = 3, this result wasi-

raised doubts on heterospecificity. In this spepais, the
mtDNA tree showed the maximum possible degree i&f-pa

cally confirmed by NC-K-means and NC-NMDS-K-means phyly but the species, most remarkably, did norslza

but there were, over all samples, 4.4% disagreemignt
NC-Ward clustering. However, the three exploratbeya

single haplotype @sepPH& al. 2006). In order to avoid
the risk of over-splitting, we postpone a decisifier fur-

analyses showed 100% agreement regarding one rclustéher material will have been studied and when niost
composed of 19 samples which was determined te+epr formative nuUDNA markers will be available. Thesbes-

sentT. nigerrimum(see below). Th&. nigerrimumclus-
ter was fully confirmed by running a three classA ith

no sample having posterior probabilities of p <999
The classification success in 69 individual workefrshis

tities are provisionally named in the NUMOBAT filas
the clusters "daril" and "dari2" (Appendix S3).

A significant problem arises with sample TLa24 from
Italy: Roma: Cerveletta Park which is placed by Ward

cluster was 98.6%I. nigerrimum as the most easily se- in theTapinoma darioisp.n. cluster, by NC-K-meansTh

parable species of the complex was excluded frathdu
analysis.

In the second step of analysis, again with thedetl
of characters, the NC-Ward dendrogram of the reimgin
140 nest samples presented two major clusters 8Fig.

ibericumand by a wild-card 2-class LDA ih. ibericum
(p = 0.8098). Running all six workers of this saengimul-
taneously in a 4-class LDA as wild-cards, the meas+
terior probabilities are 0.1933 fdr. darioi sp.n., 0.6283
for T. ibericum 0.1784 forT. magnunand 0.0000 foril.

NC-NMDS-K-means clustering and NC-K-means cluster-nigerrimum The identification aJ. ibericumappears ex-

ing with a setting of K = 2 disagreed in 6.4% of gam-
ples from the classification by NC-Ward. These siasp
were run as wild-cards in an iterative controllinDA.
This re-classification, showing a cluster 1 (latemntified

tremely doubtful as this species was never founidaiy

or neighboring countries. To make the case everemor
complicated, the mtDNA sequence of TLa24 belongs to
clade of 33 haplotypes 32 of which are associatigld w

asTapinoma magnujrand a cluster 2 (later identified as clearT. magnunphenotypes (Fig. 6). We investigated ten

T. darioi sp.n. +T. ibericun), agreed by 95.0% with NC-

workers of this colony which all had identical hatypes.

Ward and by both 99.3% with NC-NMDS-K-means and In the absence of unambiguous information we hygoth

NC-K-means clustering. The heterospecificity of tive

size that the problematic phenotype of TLa24 warkeas

clusters can be accepted because the mean ertbe of generated by a hybridization eventTofdarioi sp.n. with

three exploratory data analyses 2.1% [(5.0 + G077}/ 3]

T. magnunthat took place so recently that a purging of

is below the 4% threshold recommended by the Pragma nuclear DNA could not happen or remained incomplete

Species Concept €5ERT 2014, &IFERT& CsOSz 2015).

This differs from the situation in the nine caséglteno-

As Figure 3 suggested that cluster 2 could be comtype-mtDNA mismatches discussed under Results A DN
posed of two sub-clusters 2a and 2b, we analyzisd th analysis (see below). A recent hybridization appetaus-

cluster separately. NC-Ward clustering without abtar re-
duction confirmed the two subclusters (Fig. 4). N&DS-
K-means clustering and NC-K-means clustering with K
2 disagreed in 1.4% and 8.2% of the 61 samples fhem
NC-Ward classification. The five disagreeing saraplere
run as wild-cards in an iterative controlling LDAigh

ible in sample TLa24 a8. darioi sp.n. andl. maghum
occur sympatrically in the Lazio region.

NUM OBAT clustering: malesform four separate
cladesand the type-based name allocation is convincing

The primary type specimen ©pinoma ibericunand the

confirmed the classification by NC-Ward, NC-NMDS-K- lectotype ofT. magnumare single males apparently not
means and NC-K-means clustering by 98.6, 100% andollected from nests but during swarming. In costtta

93.4% respectively. Cluster 2a is identifiedTapinoma
darioi sp.n. and cluster 2b ds ibericum(see below). The
mean clustering error of the three exploratory meshof
2.7% is below the 4.0% threshold and heterospatsific
can be accepted. A significant evolutionary diveageof

the strong differences of male genital morpholamany
species outside the complex, there are no obvites-i

Fig. 3: NC-Ward dendrogram of worker nest samples o

T. darioi sp.n. andr. ibericumis also supported by their Tapinoma magnurtred branches) and @fdarioi sp.n. plus
placement in different mtDNA clades with a mean K2p T. ibericum(black branches) considering 15 NUMOBAT

genetic distance of 3.6% (see results of DNA ais)lysd
by the clear clustering of males (see next section)

characters unselectively. The classification eredative
to the controlling LDA is here as large as 5.0% rehs

NUMOBAT clustering and the 4% threshold of the it is only 0.7% both in NC-NMDS-K-means and NC-K-

Pragmatic Species Concept would support a fiftistelu
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ALG_fin_Tayn_201211_T-magn
ALG_miger_Zeralda_20120810_1-magn
ALG_Aiger_Zursla_20120010_2-reign

ALG_tigar_E|_Harrach_ESNA_20141175-man
ALG_Bida_Citns_orchard_30971794_d-magn
FTA_Varezze_city_Z0141008_TLiT-magn
TUM_Cher_Chen_18300816-magn

_Dued | BEOSZ-magn
FRA,_Bordeaur_20000308_10-magn
FRA_Le_Muy_2W_20741008_TFrad-magn
FRA_Sets_20140918_38E-ragn

| _ESMA_20M2_Z-magn
ctorn_1H_20130813_TRad-magn
20949000 _TFras-magn

FRA_Lyon

—_—

—

GER_Meustadt_20081028_3-magn
TTA_Rma_cty_20130500_TLaTb-magn
ITA_Marra_di_Ascea_cty 20131022 TCad-magn
TTA_Rascigno_1H_20131021_TCat-magn

ITA_San_Basibo_1E_2130320_TSi
FRA_Moyziou_2_BESE_Z0140T18_dump-magn
FRA_Moyziou_2_ SESE_20140718_thid-magn
VTA_Potenza_Basilcata_1S060812-magn

1T _Casoll__At_20130813_TALE-magn
MOR_Hamrawa 4NE_20140008_TharG-magn
ITA_Mercanle_cty_20140&18_TMab-magn
MOR_Harmeawa_4NE_20140309_TMar20-magr
BEL_Dastende_1150325-magn
TTA_Ogiasya_Marina_ciy@01310;

GER_Ginsheim_Gustavsbirg 2012

FRA_Corss,

GER_Edusheim_200806-magn
1TA_Lerici_city_20141006_TLi1-magn
ITA_Letojanni_2ME_20130027 TS -magn
FRA_Corsa_Chmate_J0090719_16-magn
IT8_Marzanami_35_20130402_TSZ6-magn

ITA_Motts_Camastrs_15_20130028_TSe-magn

FRA_Lyon_city_2011_LMZI0-

GER_Hanhalan_20110831.
GER_Neustact_20091028_3.magn
ITA_Comenza_Cratital_15380521-magn
MOR_Meknes_25_20140008_Thar-magn
1TA_Lipari_1H_20340612_TEc1-magn
ITh_Visrnggio_65_70130729_TTob-magn
FRA_Corss_Moracia_d_Aubiene_3012_2-magn
ITA_Geaa_1SE_20130328_TSE-magn
ITh_Fotanza_30140715-magn
GER_Noustact_I00S1008_B-magn
IT8_Brincis_INW_20130810_TFuZ-magn
TTA_Floma_city_20130430_TLad-magn
FRA_Corse_St_Florent_20120715_14-meagn
1TA_Roma_Cerveletia_p_20130613_TLaZé-gari
ITA_Genzano_d_Lucania_15_20130406_THa1
¥ Tablada_20140712_3-ioes
TTA_Castafporziana_20180515_TLa4T-magn
ITh_Marina_oi_Lasing_20130002_TFuB-magn
GER_Ingemheim_200806_08-magn
GER_Ingaineim_Z00810_K2.magn

MA_Pisa &6E_20130730_TToT-magn
TTA_Scarne_155_H130525_TARS-magn
TT_Capo_Conine_JE_20140414_TSe2-magn
TTA_San_Packa_SE_20130403_TS0-magn
ITA_Castlporzians_20130514_TLat1-magn
FTA_Roma_Meda_park_20130608_TLA1T-magn
FTA_Eraciea_Mina_1%_20130401_TSAT-magn
[TA_Punta_Grande_1W_20130401_TS20-magn
FRA_Gnissan_20140817_281-magn
FRA_Sainies_Marie_City_20130013_TFral-magn
FRA_Le_Grau_du_Poi_Tral_20140818_38L-magn
FRA_Mansilan_20140818_7F-magn
FRA_Lo_Grau_tu_Rci_nest_30140919_380-magn
FReA_Port_Carmnegua_20140019_38H-magn
FRA_Saintesharies_d_|_Mer_20140918_38R.magn
FRA_Argaks_20140017_TM-garl

Al

FRA_La_Grande_Mclio_
FRA_La_Grande_Motte_Nest 20140918_38B-dari
ITA_Marina_di_S_Nicola_20130713_TLa38-dari
FRA_Port_la_Nouvelle_20140917_7N-dari
ITA_M_Alberese_2SE_20130728_TTo3-dari
FRA_Corse_Bonifacio_5_SE_2012_1-dari
ITA_Castelporziano_20130614_TLa27-dari
ITA_Castelporziano_20130618_TLa29-dari
ITA_Castelporziano_20140423_TLad5-dari
ITA_Drignana_1NE_20141006_TLi3-dari
ITA_Castelporziano_20130619_TLa31-dari
ITA_Castelporziano_20130628_TLa36-dari
SPA_Mallorca_San_Torella_(C

ITA_M_Alberese_3SE_20141009_TTo10-dari
ITA_Orbetello_3SE_20130726_TTol-dari
SPA_Platja_de_Garbet_20030930_16160-dari
SPA_Val_de_Ramio_20000711-dari

FRA_C} _20130727-dari
FRA_Le_Grau_d_Agde_West_20140918_7G-dari
tellon(D: 4
SPA_Almagro_5_2W_20140424_PCAG-iber

SPA_Mercecs_Caia_Porter_1976
FRA_Corsa_Sclanzar_20080723_14-magn

SPA_Mackkd b
FRA_La_Grande_Motta_Tel_20140018_380-carl
ITA_Principina_1S_20130729_TTos-dari
ITA_M_Alberese_1NW_20130727_TTo2-dari
ITA_M_Alberese_5SE_20130728_TTod-dari
FRA_Canet_Plage_20140917_70-dari
FRA_St_Pierre_la_Mer_W_20140916_25M-dari
FRA_La_Grande_Motte_20120430_GM-dari
FRA_Le_Grau_d_Agde_East 20140918_7R-dari
SPA_Ballaterra_Univirs_Carmpus_20151113-dari
FRA_vakas_Flage_20180818_7l-dari

FRA_Valns_Plage
FRA_St_Pierre_ln_Mer_E_20140816_TA-dari

SPA_Talamanca_1_1H_
FRA_Port_Leucale_20180817_TH-cari
FFeA_Prort_Lewcaln_Wesst_Z0740917_7E-dar
FRA_Port_Leucaln_East_20140917_TF-darl
FRA_Port_Leucata_MK_20140917_7J-carl
5PA,_Los_Wilrns_0_BNE_201308_CV_B-ber
MOR_Essaoura_city_20140008_Thord-magn

MOR_Essaoura_city_20400305_Thiart
MOR_Torres_de_Aicats_20140008_Thar14-magn
SPA_Jnen_University_ Camp_201505-ier
MOR_Terren_de_Aicals_20140506_TMari5-magn

SPA_Cabo_de_Gata_1WNW_1995_CG20-iber
SPA_Cabo_de_Gata_1WNW_1995_CG24-iber
SPA_La_Lambra_Rus_2004_AH9-iber
SPA_Navaconcejo_2_9SW_20150813-iber
SPA_Almagro_2_3SSE_20140424_PCAT-iber
SPA_Pozuelo_d_Cala_1ESE_20140424_PCA1-iber
SPA_Pozuelo_d_Ca_1_6SSW_20140424_PCAS-iber
SPA_Pozuelo_d_Cala_1S_20140424_PCA4-iber
SPA_Pozuelo_d_Cala_0_6N_20140424_PCA2-iber
SPA_EI_Portichuelo_20131020_CV_12-iber
SPA_EI_Portichuelo_20131020_CV_13-iber
SPA_Rio_Frio_2W_20140427_CF33-iber
SPA_Los_\ _1_1NE_20131020_CV_11-iber
SPA_Moral_d_Calat_2_4SE_20140424_PCA8-iber
SPA_Pozuelo_d_Cala_3 SNW_20140424_PCA3-iber
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FRA_Argeles_20140917_7M-dari

FRA_La_Grande_Motte_20150507-dari
FRA_La_Grande_Motte_Nest_20140918_38B-dari

H . ITA_Marina di_S_Nicola_20130713_TLa38-dari
Fig. 4: NC-Ward dendrogram of ITA_Orbetello_3SE_20130726_TTo1-dari

worker nest Samp|es Ebpinoma FRA_La_Grande_Motte_Trail_20140918_38D-dari

.. ITA_Castelporziano_20130628_TLa36-dari
darioi sp.n. (red branches) aid ITA_Principina_15_20130729_TTo5-dari
iheri B} ITA_M_Alberese_1NW_20130727_TTo2-dari
It_)erlc_um (black branches) con ITA_M_Alberese_5SE_20130728_TTod-dari
sidering 15 NUMOBAT charac- ITAFEAAlgereseBSSIfEa 201;1;13923121(1) garl

HH H orse onfacio ari

ters. ThehCIaSS|flcai(||_on error rela ITA_Castelporziano_20130613._TLa31-dari
SPA_Mallorca_San_Torella_(Collingwood)-dari

tive to toe contro mg LD:)A\ IS ITA_Castelparziano_20130614_TLa27-dari
here 1.4% whereas it is 0% an ITA Castelporziano_20130618 TLa29-dari

% i - K- ITA_Castelporziano_20140423_TLa45-dari
6.6% in NC-NMDS K_means anc ITA_Drignana_1NE_20141008_TLi3-dari
NC-K-means clustering, respec FRA_Port_la_Nouvelle_20140917_7N-dari
tivel ITA_M_Alberese_2SE_20130728_TTo3-dari

Y- SPA_Platia_de_Garbet_20030930_16160-dari

SPA_Val_de_Ramio_20000711 -dari

FRA_Canet Plage_20140917_70-dari

FRA_St Pierre_la_Mer_W_20140916_25M-dari
FRA_La_Grande_Motte_20120430_GM-dari
FRA_Le Grau_d_Agde_East 20140918 7R-dari
SPA_Bellaterra_Univers_Campus_20151113-dari
FRA_St_Pierre_la_Mer_E_20140916_7A-dari
SPA_Talamanca_1_1N_20150928-dari
FRA_Valras_Plage_20140918_7I-dari
FRA_Valras_Plage_20150508-dari
FRA_Port_Leucate_20140917_7H-dari
FRA_Port_Leucate_West_20140917_7E-dari
FRA_Port_Leucate_Mid_20140917_7J-dari
FRA_Port_Leucate East_20140917_7P-dari
SPA_Los_Villares_0_BNE_201309_CV_6- |ber

FRA_ChalonSurSaone_20130727-dari
FRA_Le_Grau_d_Agde West 20140918_7G-dari
SPA_Castellon(Dusmet)-dari
SPA_Menorca_Cala_Porter_19760419-dari
"POR_Burgau_0_8E_20160210_3-iber
POR_Montinhos_da_Luz_1_5SSW_20160214_5-iber
SPA_. Sevilla_Tablada_20140212_3-iber
SPA_Cabo_de_Gata_1WNW_1995_CG20-iber
SPA_Cabo_de_Gata_1WNW_1995_CG24-iber
SPA_Navaconcejo_2 9SW_20150813-iber
SPA_Almagro_2 3SSE_20140424_PCAT7-iber
SPA_Rio_Frio_2W_20140427_CF33-iber
SPA_Pozuelo_d_Cala_1ESE_20140424_PCA1-iber
SPA_EI_Portichuelo_20131020_CV_12-iber
SPA_EI_Portichuelo_20131020_CV_13-iber
"SPA_La_Lambra_Rus_2004_AH9-iber
SPA_Pozuelo_d_Ca_1_6SSW_20140424 PCAS5-iber
'SPA_Pozuelo_d_Cala_1S_20140424_PCA4-iber
SPA_Pozuelo_d_Cala_0_B6N_20140424_PCA2-iber
SPA_Aimagro_5_2W_20140424_PCA6-iber
SPA_Madrid_Bolivard(Santschi)-iber
SPA_Moral_d_Calat_2_4SE_20140424_PCA8-iber
SPA_Pozuelo_d_Cala_3_5NW_20140424_PCA3-iber
SPA Jaen_ Unlversny_Camp_201505 -iber

SPA_Los_Villares_1_1NE_20131020_CV_11 |ber

specific differences within thé. nigerrimumcomplex. This
did not allow an assessment by simple eye inspeeinal

tions with NC-Ward (Fig. 5), NC-K-means and NMDS-
K-means clustering was 100, 97.6 and 97.6% resmdgti

made a combined NUMOBAT analysis of both non-geni- The only misclassified sample was a single-malepéam

talic and genitalic characters inevitable. NC-ctuisty al-
lows computing single-specimen samples under thdieo
tion that a good fraction of the material contaimgtiple-
specimen samples. Investigated was a total of Aples
including eight samples &f. darioi sp.n., nine off. ibe-
ricum, 16 of T. magnumand nine off. nigerrimum Nine
samples contained only a single specimen. 40 naate s
ples were worker-associated nest samples. Thefaass
tions between the exploratory data analyses NC-\W{Ed
K-means and NMDS-K-means clustering differed inyonl
one sample which was run as a wild-card in therobnt
ling 4-class LDA. Due to the small sample sizehe t
smallest class, with only 18 males availabl& iibericum

a character-reduced LDA was run. It consideredséwen

TSi26 from Marzaniemi / Sicily. This was a dwarf lma
from a safely determine@. magnummest (p = 0.9987 in
workers).

The classification error in 101 individual malesswa
3.0%. The type specimens had the following posterio-
babilities in the 4-class LDA : 0.996 and 0.99%#ara-
types ofTapinoma darioisp.n., 1.000 in the type df.
ibericum 0.945 and 1.000 in males from the neotype nest
of T. nigerrimum and 0.829 in the lectotype ©f magnum
The next probable classification in the lectotygeTo
magnumwasT. ibericumwith p = 0.171. Considering the
clusters with thd. magnunandT. ibericumtypes only and
running the type specimens as wild-cards in a dbtara
reduced LDA using EL / CS, ALPH, CL / CW, dAN / CS,

characters EL / CS, Fu2 / CS, CS, CL/ CW, ML / CS,and ExCly / CS, we got clear results. The maleolype
ALPH, and dAN. The agreement of the LDA classifica- of T. magnums allocated with p = 1.000 to the cluster in
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FRA_Armissan_1_5SSE_20150508_3-nige
FRA_Armissan_1_5SSE_20150508_5-nige
FRA_Villen_les_Maguelonne20120429_T2S2-nige
FRA_Armissan_1_5SSE_20150508_4-nige
FRA_Uzes_North_20150508_25H-nige
FRA_St_MathieuTreviers_N_20150508_25F-nige
FRA_Prades_le_Lez_20120430_K_type_nige-nige
FRA_Gigean_3_3ESE_20120429_T2S4-nige
FRA_Villen_les_Maguelonne20120429_T1S2-nige
FRA_La_Grande_Motte_Nest_20150507_38B-dari

Fig. 5: NC-Ward dendrogram of
male nest samples dfapinoma
nigerrimum(black branches)r.
darioi sp.n. (green)T. ibericum
(red) andT. magnum(blue) con-
sidering seven NUMOBAT char-
acters.

FRA_Valras_Plage_20150508-dari
FRA_St_Pierre_la_Mer_E_20140916_7A-dari
ITA_Castelporziano_2014_TLa45_type_dari-dari
FRA_St_Pierre_la_Mer_E_20150508_7A-dari

FRA_St_Pierre_la_Mer_W_20150508_25M-dari
FRA_Le_Grau_d_Agde \West_20150508_7G-dari
FRA_Port_la_Nouvelle_20150508_7N-dari
SPA_Almagro_2_3SSE_20140424_ PCAT-iber
SPA_Jaen_University_Camp_201505-iber
SPA_Pozuelo_de_Calatrava_type_ibericum-iber
SPA_Almagro_5_2W_20140424_PCAB-iber
SPA_Los_Villares_1_1NE_201505_CV_11-iber
SPA_Pozuelo_d_Cala_1ESE_20140424_PCA1-iber

SPA_Cabo_de_Gata_1WNW_1995_CG24-iber
SPA_Moral_d_Calat_2_4SE_20140424_PCAB8-iber
SPA_Pozuelo_d_Ca_1_6SSW_20140424_PCAS-iber
FRA_Le Grau_du_Roi_Trail_20150507_38L-magn
FRA_Port_Camargue_20150507_38N-magn
FRA_SaintesMaries_d_I_Mer_20150507_38R-magn
GER_Ingelheim_200906_09-magn
ITA_Pisa_(Savi)_type_magnum-magn
ITA_San_Paclo_5E_20130403_TSi30-magn
ITA_Scerne_1SE_20130525_TAb3-magn
ITA_Marzanemi_3S_20130402_TSi26-magn

%
-
=

=

FRA_Lyon_City_20150509-magn
ITA_Roma_city 20130509_TLa1b-magn
FRA_Sete_20150507_3BE-magn
ITA_Castelporziano_20140516_TLa47-magn
FRA_Marseillan_20150507_7F-magn
FRA_Meyzieu_2 6ESE_20150509_dump-magn
ITA_Castelporziano_20130514_TLa11-magn
ITA_Roma_city_20130430_TLa4-magn

t

which all males were collected from nests belonging
worker cluster 1 and the type ®f ibericumis allocated
with p = 1.000 to the clade in which all males wasso-
ciated with cluster 2b workers. Apart from the wag#d
nature of wild-card runs in the types, the riskto$ LDA
to confirm a wrong prejudice also in the non-typens
ples is low because the number of specimens isrtta-
lest classT. ibericun) is 3.6fold larger than the number
of characters considered. An accessory argumentttaa
male lectotype of . magnuntannot belong to worker clus-
ter 2b is the complete absenceTofibericumfrom Italy
and the neighbouring countries. Complementarilig itn-
likely that the type specimen @t ibericumbelongs to
worker cluster 1. magnur because no worker sam-
ples of this cluster are known within a radius 60&m
around the type locality Pozuelo de Calatrava.

The conclusion from these analyses is that we have
clear type-based designation of the taxonomic nianad
four species of th&apinoma nigerrimuncomplex.

NUM OBAT clustering: gynes

Exploratory data analyses of gynes are strongbctdtl by
lack of material inTapinoma ibericunandT. nigerrimum
with only four and five specimens respectively beavail-
able. Therefore, we reduced the analysis to asgpts
position of the type specimens by a LDA in whicle th
classification of the gynes was determined by tlaigbe
associated workers. Wild-card runs in a charaeeueced
4-class LDA confirmed the cluster allocation of agye
specimen. Posterior probabilities were 0.9993 a@895 in
the paratypes of. darioi sp.n., 1.000 in the paralectotype
gyne of T. magnum1.000 and 0.990 in the paratypes of
T. nigerrimum

Recommendationsfor phenotypical species delimita-
tion in workers

Unfortunately, the investigated character systegsduwt
offer a simple and safe method for phenotypicatmse
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Tab. 1. RAV-corrected morphological data of fouesies of thelapinoma nigerrimunspecies complex and df.
simrothi KRAUSSE 1911. Given are nest sample means in the arragrgegmthmetic mean + standard deviation [lower
extreme, upper extreme]; n = number of nest samplesnted initalics is the number of nest samples in which PoOc /

CL data were available. The means of some diagnolstracters are printed in heavy font.

T. simrothi T. magnum T. darioi T. ibericum T. nigerrimum
(n=61)n=61 (n=79),n =23 (n =40),n = 2& (n=23)n=8 (n=19),n=1C
CS 844 + 67 945 + 81 870+ 90 990 + 75 1003 + 88
[688, 1033 [734, 122( [685, 1074 [811, 1106 [807, 1116
CL / CWgyqo 1.080 £ 0.015 1.065 £ 0.015 1.043 £0.016 1.060 £ 0.012 1.039 £ 0.010
[1.049, 1.12¢ [1.037,1.10Z [1.014, 1.07Z [1.031, 1.07¢ [1.022, 1.06C
SL/CSqo 0.948 £0.017 0.982 £0.015 0.963 £0.012 0.972 £0.016 0.956 £0.016
[0.901, 0.980 [0.944, 1.044 [0.929, 0.98: [0.936, 1.00C [0.910, 0.977
ExOcc / CSgo 1.50 £ 0.46 1.50 £ 0.48 2.07 £0.48 2.16 £0.45 2.23+£0.34
[%] [0.52, 2.77 [0.48, 2.67 [0.90, 3.32 [1.04, 2.91 [1.47, 3.00
EXCly / CSqo 12.34 £0.93 8.92 + 0.67 9.80 £0.60 10.37 £0.60 10.21 £0.75
[%] [10.25,1 4.42 [7.14, 11.07 [8.64, 11.72 [8.30, 11.17 [8.95, 11.5€
ExClyW / CSgo 5.71+0.61 6.67 +0.57 6.02 +0.59 6.68 £ 0.47 6.77 £0.35
[%] [4.39, 7.15 [5.43, 8.14 [4.53,7.08 [5.76, 7.57 [6.31, 7.54
EXCly / ExClyWgqo 218+0.21 1.347 £0.140 1.647 £0.202 1562 + 0.142 1.515£0.135
[%] [1.75, 2.72 [1.037, 1.917 [1.375, 2.23¢ [1.303, 1.85(C [1.290, 1.81¢F
NEXClysoo 8.11 £3.10 13.01 +3.10 13.14 +2.82 15.31 + 3.03 13.97 £3.56
[1.7,15.2 [4.9,20.1 [6.0, 19.0 [9.1, 23.9 [8.7,22.1
dAN / CSyo 0.290 £ 0.005 0.309 £ 0.007 0.301 £ 0.006 0.293 £ 0.006 0.299 + 0.004
[0.282, 0.30z [0.292, 0.32F [0.289, 0.31Z [0.286, 0.30€ [0.291, 0.30%
PoOc / Clggg 0.394 £ 0.007 0.380 £ 0.009 0.379 £0.008 0.375 £ 0.006 0.384 £ 0.007
[0.374,0.41C [0.364, 0.39: [0.365, 0.40C [0.366, 0.381 [0.370, 0.39%
EL/CSqo 0.251 £ 0.006 0.260 = 0.006 0.254 £ 0.006 0.255 £ 0.006 0.235+0.004
[0.236, 0.265 [0.246, 0.274 [0.236, 0.26] [0.243, 0.264 [0.229, 0.24C
MpGr / CSqo 3.36 £0.67 3.95 +£0.49 2.63+£0.44 2.94 £0.33 3.34£0.54
[%] [1.92,5.16 [2.86, 5.41 [1.73, 3.82 [2.11, 3.43 [2.06, 3.86
MW / CSyo0 0.641 £0.016 0.643 £0.014 0.632 £0.014 0.627 £0.013 0.615+0.010
[0.610, 0.67¢ [0.621, 0.68¢ [0.609, 0.662 [0.596, 0.64¢ [0.601, 0.64z
ML / CSggg 1.287 +£0.026 1.300 + 0.023 1.279 £ 0.024 1.284 +0.022 1.230+0.017
[1.237, 1.33¢ [1.244, 1.382 [1.223, 1.334 [1.251, 1.32¢ [1.196, 1259]
Fu2/ CSoo 13.41 £0.36 14.93 £0.35 14.56 £ 0.26 14.23 +0.38 13.81 £ 0.27
[%] [12.76, 14.5€ [14.10, 16.0¢ [14.04, 15.0¢ [13.62, 14.97 [13.39, 14.42
IFU2900 1.689 + 0.047 1.922 +0.069 1.961 +0.033 1.871 +0.058 1.806 + 0.052
[1.609, 1.80z [1.770, 2.082 [1.876, 2.05] [1.740, 1.98€ [1.741, 1.947

delimitation in theTapinoma nigerrimuncomplex and re-
peating the methods performed here is a challemgenf
experienced investigators. Precise recording of \DBAT
characters requires some training and a good opticep-
ment as many diagnostic characters are microstestu
Most important is careful consideration of characte- Tentative determinations can be tried using Table 1
finitions, to avoid several types of measuring esras It shows the RAV-corrected data as they are found i
they were described byeBERT (2002) and use of a stereo- medium-sized specimen with CS = 900 um. The tadbte a
microscope with a resolution of at least 650 lihesn (or  provides data for the relatively large-sized, sapkmial

a numeric aperture of about 0.22) and a final megri  and sympatric specidapinoma simrothKRAUSSE 1911.
tion of at least 250 x. Given that, a safe delitiota of Tapinoma nigerrimumas the least difficult case, is char-
all four cryptic species still requires almost ttmmplete  acterized by a short length of eye, mesosoma, Adra-

set of characters. We provide the primary NUMOBAifad  culus segmenflapinoma magnurshows the smallest depth-
of the four species and 553 worker specimens inefipp to-width ratio of clypeal excision of all speciekapi-

dix S3. The file gives the absolute measuremenisilii noma simrothishows the largest depth-to-width ratio of
meters plus the seta count, the identificationt sample  clypeal excision and the smallest length-to-widttior of
number and collecting data. Users can investigigie own ~ second funiculus segment. Giving a recommendation f

specimens and run them as wild-cards in an LDAgisin
the classifications provided by the file. The stanlfile
provides correct classifications in 95.8% of spemis
Therefore, we recommend investigation of three wiwk
to increase the identification success above 99%.
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a simple delimitation of. darioi sp.n. andr. ibericumis
impossible.

Results of the mtDNA analysis

A total of 655 bp were aligned, with 140 variakites(sin-
gleton variable: 27; parsimony informative site$3)Lre-
sulting in 62 distinct haplotypes. The best-fit rabsklected
in jModeltest according to the Bayesian Informat@mi-
terion was the HKY + | + G; this model was usedvih
and Bl inference, while parameters' values werienagtd
during the analyses. Parallel NUMOBAT and mtDNA in-
vestigation was performed in 122 nest samples.reigu
shows the topology of the phylogenetic tree fos¢hsam-
ples obtained with Maximum Likelihood and the btais
values and posterior probabilities are given fathemode.
The phylogenetic tree shows four major clades. &lufe
these (A:Tapinoma ibericumB: T. darioi sp.n., and CT.
nigerrimun) were well supported by both ML (81 - 98) and
Bl (0.99 - 1), and one (Df. magnumwas poorly sup-
ported using ML (26) and unresolved with Bl. NUMOBA
data and mtDNA haplotypes provided congruent diassi
cations in 92.6% of the samples. No disagreemests b
tween NUMOBAT and mtDNA occurred in. ibericum
(13 samples)T. magnun{62 samples), antl. nigerrimum
(11 samples). However, nine samples (= 30%). afarioi
sp.n. were placed in the COI tree within themagnum
branch. These nine samples, marked by single sistdn
Figure 6, were found along the shore line of theditée-
ranean Sea from Marina di Alberese (42.642° N,54P.&)
northwest to Port la Nouvelle (43.007° N, 3.057° &n-
sideringT. darioi sp.n. against. magnumand using 15
morphological characters in a 2-class LDA, eacthee
conflicting samples showed a clear NUMOBAT classifi
cation asT. darioi sp.n. with p > 0.965 (Tab. 2). Further-
more, there was no difference of the position betwhe
conflicting and congruent samples along the disiciémt
vector separating fro. magnumA consideration of char-
acters one by one (Tab. 3) does also not give agges-
tion for a significant deviation from the mean béttypi-
cal population.

The methodology of the study does not provide dat |
that can clearly explain the reasons for the mishest be-
tween the NUMOBAT tree and mitochondrial gene trees
in these nine samples. A multitude of complicated a
mixed scenarios is possible in such a complex baoid
genetic system but disscussing all of these woigdtladtt
from the main purpose of the paper which is advance
taxonomy. We consider here only four possible expla
tions with increasing rank of probability: (a) neat mito-
chondrial pseudogenes (NUMTSs), (b) gene silendiay,
incomplete lineage sorting, and (d) hybridizationthe
younger evolutionary history with subsequent ueici-
onal genomic purging.

After inspecting the sequences of the nine problema
tic samples for stop codons in amino acid transfathe
involvement of NUMTs appears unlikely but is nohto
pletely excluded. Explanation (b), gene silencinguacle-
olar dominance is a process observed in interdpduoyf
brids. It basically means that the ribosomal RNRNA)
genes inherited from one parent are transcribedhmt
rRNA genes derived from the other progenitor rensiin
lent (ARckAARD 2000). This poorly understood, obviously
epigenetic phenomenon is largely known from many ge
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Fig. 6: Phylogenetic tree based on 655 bp of thé geDe
built with only the samples subjected to NUMOBATdan
using the topology of the Maximum Likelihood method
Numbers at each node significant for our purposéant-
strap values (left) and posterior probabilitieglft). Sam-
ples clearly classified by NUMOBAT &s&apinoma darioi
sp.n. but showing haplotypes ©f magnunare marked
with a single asterisk. Two asterisks mark the |emlatic
T. magnunsample TLa24 (see main text) with supposed
very recent introgression df. darioi genes. Outgroups
were collapsed: upper triangle — three sample§ .of
simrothi lower triangle — six samples @f erraticum T.
madeirensandT. subborealglower line —T. sessile

era of plants but has also been observedeimopusgrogs
(HONJO & REEDER 1973), Drosophilaflies (DURICA &
KRIDER 1978, TWEEDIE & al. 1999), marine copepodes
(FLOoWERS& BURTON 2006), or became known as X-
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Tab. 2: Position of worker nest sample meansagdinoma darioisp.n. within the vector space of a linear disanimnit
analysis separating fromi. magnum Shown are data of a discriminant calculated urmersideration of all 15
morphological characters and the correspondingepostprobabilities. n = number of nest sample nsean

Samples with mismatch of NUM OBAT | ANOVA Samples with congruence of

and mtDNA (n =9 F.p NUMOBAT and mtDNA (n =21
Discriminant D(15 -2.324 £ 0.634-3.282,-1.441 0.357, 0.55 -2.478 £ 0.652-3.872,-0.954
Posterior probabilit 0.9915 + 0.0140 [0.9656, 1.00! 0.050 0.82¢ 0.9885 + 0.0381 [0.8250, 1.00t

Tab. 3: Nest sample means of RAV-corrected NUMOB&racters imapinoma magnurand of T. darioi sp.n. with
mismatching and congruent mtDNA.

T. magnum ANOVA T. darioi mis- ANOVA T. darioi con-

(n=62 F.p matching(n=9 | F,p gruent (n =21
CS [um 943 + 8¢ 4.79, 0.03 878 * 7¢ 1.84, n.s 835 =+ 8(
CL / CWg 1.064 +0.01 11.03, 0.00 1.047 £0.01 1.58, n.s 1.039 +0.01
SL / CSooc 0.980 + 0.01 19.02, 0.00 0.960 + 0.01 0.93, n.s 0.965 + 0.01
ExOcc /CSyqc [%0] 1.45+0.4i 8.37,0.00 1.96 £ 0.6 2.84,n.< 2.26 £ 0.3
EXCly / CSgoc [%] 8.79+0.5 43.60, 0.00 10.17 £ 0.7 7.59, 0.01 9.64 +£0.3
EXCIyW / CSgoc [%0] 6.61 = 0.5 6.12,0.01 6.09 = 0.6 0.02, n.c 6.06 = 0.5
EXCly / EXClyWgoc [%] 1341+0.14 42.69, 0.00 1.675+0.14 1.10, n.c 1.606 +0.17
NEXClygoc 13.20+£3.1 0.17,n.s 12.73+£35 0.01, n.c 1284 +£2.3
dAN / CSgqc 0.308 + 0.00 4.17,0.04 0.303 +0.00 2.73,n.s 0.299 + 0.00
EL / CSgoc 0.260 = 0.00 7.84, 0.00 0.254 + 0.00i 0.90, n.c 0.256 = 0.00
MpGr / CSgq [%0] 3.92+0.5: 45.18, 0.00 2.69 +0.4i 0.31, n.s 2.59 +0.4
MW / CSyoc 0.644 £ 0.01 5.77,0.01 0.632 £0.01 0.04, n.c 0.631 +0.01
ML / CSgqc 1.299 +0.02 5.76,0.01 1.279 +£0.02 0.92, n.s 1.287 +0.01
Fu2 / CSqc [%0] 1487 £0.3 2.28,n.s 1471 £0.2 3.81, n.s 1451 £0.2
IFuZ90c 1.913 £0.06 9.31, 0.00 1.980 £0.04 4.78, 0.03 1.952 £0.02

chromosome inactivation in the somatic cells of d¢sn
mammals (Ky & al. 1994, WLLARD 1996, HEARD & al.
1997). If gene silencing is observed in a spec#s ft is
found in only a fraction of F1 hybrids and is resibte in
the next generation (WASHIN 1934, REUSS& PIKAARD

ant generadcanthomyops-ormica, Lasius Leptothorax
Messor Myrmica, MyrmoxenusandTemnothoraXBA-
GHERIAN YAZDI & al. 2012, RISCHINGER1972, #SSEN&
KLINKRICHT 1990, &IFERT 1984b, 1991, 1999, 2006£1S
FERT & al. 2010, SEINER & al. 2011, WNG 1968). These
2007). Gene silencing has been attributed to trgostam studies showed that an average of about 50% ofchar
factor competition and seems to occur only at @ifpe ters are intermediate, nearly the same numbernuhies
time of early development when nuclear dominance isstrongly in the direction of one or the other paatspe-
first established (RVES & al. 1995). Furthermore it has cies and very few, perhaps some 3%, show meanwvalue
been demonstrated #rabidopsisthalianax A. arenosa  even exceeding the character expression in pasgpeales.
hybridsthat the direction of nucleolar dominance can be  Accordingly, explanations (c) — incomplete lineaget-
reversed (BEN & al. 1998). Considering this currently ing — or (d) — rather recent hybridization with saguent
available information on gene silencing in F1 hglerand  unidirectional genomic purging of nuDNA — appeattas
its unstable behaviour in the next generationapgiears most likely evolutionary histories. The latter hypesis
unlikely that gene silencing can generate workeyube seems to have the strongest support by our dattlyFi
tions of consistently pure phenotypes in nine celerof  we have examples of exactly the same mtDNA sequiance
supercolonial ants each containing hundreds orsémls ~ clear Tapinoma darioisp.n. andl. magnumsupercolo-
of reproductive females. nies: The phenotypically cledr magnurnsupercolony from
The fully undisturbed’apinoma dariosp.n. phenotypes La Grande Motte and the phenotypically cl@amdarioi
in these conflicting samples suggest them not pwere  sp.n. supercolony from Le Grau du Roi (10 km awegie
sent F1 hybrids and probably also not backcroskhg-o  both sampled twice and coincided in having hapletyp
brids with a parental species. This conclusionegwtd h026, and th&. magnunsupercolony from Sete coincided
from knowledge about character expression in sofe 3with theT. darioi sp.n. supercolony from Saint-Pierre-la-
different interspecific hybrid combinations studiadhe Mer (55 km distant) in having haplotype h031. Setigpn
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Tab. 4: Mean (minimum-maximum) genetic K2p distanite% among four major clades of thapinoma nigerrimum

complex and within each clade (diagonal in heapgl}y

T. darioi T. nigerrimum T. magnum T. ibericum
T. darioisp.n 0.4(0.0-0.5)
T. nigerrimun 2.0(1.8-2.9 0.4(0.0-0.9)
T. magnur 1.8(1.2-2.4) 2.4(2.8-2.9 0.8(0.0-1.6)
T. ibericun 3.6 (3.0-4.6) 4.0 (3.1-4.4, 3.8(2.7-4.8 1.3(0.0- 2.0)

the geographic distribution a@f. darioi sp.n. samples — two
small areas in France and one in Italy with cofifiigc sam-
ples are separated by areas not showing conflisingples
(Fig. 7b) — is also suggesting more recent, inddpah
events of mtDNA introgression. A mosaic-like distriion
should be lost after very long time intervals. dast we
can risk to say that these events took place Idteg the
separation of th&. magnunmandT. darioi sp.n. main clades
1.5 (1.0 - 2.0) Ma before present — this estimateaised
on 1.8% genetic distance and a mean Protostomlzst su
titution rate of 1.23% per million years accordiiogthe
K2p model (WLKE & al. 2009). In contrast to this, the
mean K2p distance between the mismatchinglarioi
sp.n. samples and tfie magnunmsamples sharing the same
branch of 0.29% would correspond to 0.23 (0.1320Ma.

Apart from the methodological problems with such
datings (see AKAHATA 2007 and references thereini W&

& al. 2009), we may expect hybridizations to haee o
curred independently at different places and dffetimes
from mid Pleistocene up to the Holocene. Regardéng
cent or very recent hybridization events we havedio-
sider anthropogenous introduction of species inéas
where other species were already established dinttimn
of alien species is one of the most frequent cafmes
hybridization because there is an increased likedgithat
species that never met before did not develop gefit
pre- or postzygotic isolation mechanisms. Hybridza
of introduced with autochthonous species is a @it
growing issue not only for species conservatiog. (8eHM
& al. 2010, REVERS& al. 2013, MUNOZ-FUENTES & al.
2007, &IFERT 2006). The main way to introdud@pinoma
species most probably was transport of potted plant
trees over the Mediterranean. This should have éragab
already during the time of the Roman Empire. Muatkr|
a real wave of shipping such materials to newlynfied
tourist and recreation areas at the Mediterraneastof
France and Italy started in the middle of th& &@ntury.
One may speculate, for instance, that the highhgsive
Tapinoma magnurhas been introduced from Africa to
Italy and South France, resulting in occasionalriolyba-
tion with the autochthonous darioi sp.n.

Hybridization between ant species is frequent @ th
per-species level: 18% of 178 Central Europearspet
cies are known to hybridize E$ERT 1999, KULMUNI &
al. 2010, &IFERT & al. 2010, SEINER & al. 2011, &I-

tor in ant evolution. In the case reported h@pinoma
magnumgynes obviously have been matedThydarioi
sp.n. males and the backcrossing of the hybrid gmel
of the next generations of their female offspringsvpre-
ferentially (or always) withT. darioi sp.n. males. Asym-
metric backcrossing and introgression is a normaiveell-
known post-hybridization scenario in bisexual oigars
(e.g., WRTZz 1999, TFFIN & al. 2001, QRCIA-VAZQUEZ &

al. 2004). This may be caused by prezygotic meshasi
such as asymmetric mate acceptance / recognitign (e
DEevis & al. 1997, 3ETHER & al. 2007, $HEFFLER& al.
1996, WRTZ 1999), asymmetric pollination (e.g/gB &
al. 2011, MTALIS & WESELINGH 2012), gamete selection
(O'RaND 1988, $IRT & ANGUS 1992), population struc-
ture and density (BrTLES & al. 2005), or, as special sce-
nario in ants, by a combination of intranidal mgfigueen
dominance and polygyny €8-ERT 2010, &IFERT & al.
2010). Asymmetric postzygotic mechanisms are lgrgel
explained by Dobrzhansky-Muller incompatibilitiesd.,
ABBOTT & al. 2013, QUWELLIER & al. 2012).

Table 4 shows mean K2p substitution rates among the
four clades ranging from 1.8% to 4.0%. Using theame
Protostomian substitution rate of 1.23% per milliears
according to the K2p model (MKE & al. 2009), species-
splitting took place from late Pliocene to earlgiBiocene
(3.3 - 1.5 Ma). This suggests that the last ph&specia-
tion could have been accelerated by isolation acigl re-
fuges. Between-clade K2p distances of mtDNA ararbje
larger than within-clade distances. The latterGa#dés in
Tapinoma darioisp.n., 0.4% ifl. nigerrimum 0.8% in
T. magnumand 1.3% irl. ibericum The rather strong
within-clade differentiation of mtDNA haplotypes the
latter species does not find any correlate in thiviD-
BAT data or zoogeography and is unlikely to haveta
nomic significance.

The development of only weak morphological differ-
ences during such long divergence times appeararkem
able. A possible explanation for this low variatism strong
selective burden on many of the investigated NUMOBA
characters in connection with weak interspecifitfedt
ences in utilization of space and food sourcesadap-
tive value of taxonomically informative charactstgch
as length of scape and funiculus segments or egeisi
immediately intelligible but, surprisingly, this éso given
in depth of clypeal excision €8-ERT 2016).

FERT 2013). The estimated mean hybridization frequencyThe mtDNA haplotypes suggest that invasive popula-

in the Central European ant fauna on the per-iddiai
level is about 1% — or about 2% if all cases witkial
cleptogamy are included E$ERT 1999, 2006, 2013). Ac-
cordingly, hybridization should represent a siguaifit fac-

tions of Tapinoma magnurastablished north of the Alps
originate from different source populations in ytaind
France. The German populations have the haplotyp&®
and h057. Haplotype h057 is the most abundant segue

137



Fig. 7a: Map of all collecting siteg
of the NUMOBAT study. White
discs =Tapinoma darioisp.n.
black discs =T. magnumwhite
triangles =T. nigerrimum black
triangles =T. ibericum For a
close-up view of heavily sampleg
areas see Fig. 7b.
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in all NUMOBATed samples: It is found in 16 Italisthree
French, and three German populations. The numbier of
troduction events to Germany is certainly largantthree
and is connected with transport of potted plantenit In
the extreme, enormous amounts of soil in the cotgter
range are transferred in within the root systeroldfolive
trees sold by Mediterranean farmers to garden ceirie
Germany.

Comments on geogr aphic distribution and biology of
the four species

The geographic distribution of the four crypticcpe shown
by Figure 7a provides an incomplete picture butesgem-
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eral conclusions may be derived. The most unknosvn a
pects are the upper limits of altitudinal distribuatin the
Mediterranean region and occurrence in naturakaris
natural habitats. The phylogeography revealed legisg
occurrence and mtDNA phylogeny remains unclearanym
respects. The present distribution is expecte@viate from
the natural situation, mostly because of anthropoge
translocation of at least three species one oftwikibtighly
invasive.Tapinoma nigerrimunis spread across France
and Spain. Yet, it has been impossible to retrigNé from
the Spanisf. nigerrimumsamples, which would have shed
some light on the homogeneity of the species aditoss
Pyrenees, and the position of its likely glacidlige. Use



Tab. 5: Frequency of thiEapinoma nigerrimuncomplex species along the coast line of MediteraanSea compared to
inland areas. Given are p values of Fisher's exsttin a 2 x 2 table. Test 1 compares the obsensin a particular
species against a homogenous distribution of eptal sample size. Test 2 compares the observatianparticular
species against the sum of observations in the thhee species. The dataTfibericumare probably misleading (see

main text).

Along shoreline Inland areas Test 1: against homo- Test 2: against sum of
<4 km from sea >4 km from sea genousdistribution the other three species
T. magnur 44 35 0.579: 0.268:
T. darioi sp.n 32 7 0.005¢ 0.000(
T. nigerrimun 2 17 0.018t 0.000:
T. ibericun (3) (19) (0.0217 (0.0002
sampling spo 81 78

of appropriate nuDNA markers is required to elutéda
phylogeography and invasive dynamics withinThaiger-

ing, occurs in high numbers on irrigated clay sivilareas
of market gardening and is found even in swampy hab

rimumspecies complex. Regarding information on biologyitats. In contrast td. darioi sp.n., there is no preference

published in the past under the narf@pinomanigerri-
munt, a post hoc allocation of the valid taxonomic easm
was sometimes possible using geographic informatrah

of coastal habitats ifi. magnum44 samples were taken
along the shore line within a maximum distance &
from sea and 35 samples inland more than 4 km &ean

some other cases could be cleared up by NUMOBAT in{Tab. 5). This is not significantly different frommhomo-

vestigation of material sent to the senior autfibis paper
gives only fragmentary information on the biolodytltese
ants — we publish this paper with the hope thatesbtadi-
terranean researchers are prompted to do in-dapdies
revealing specific traits of the cryptic specied #meir in-
terspecific relations.

Commentson distribution and biology of Tapinoma
magnum

The supercolonialapinoma magnurhas by far the widest
distribution among the four species. It is foundNiorth Af-
rica from Morocco east to Tunisia, over entireyltal Corsi-
ca, Sardinia, and southern France. It showed thagest
invasive potential of the three supercolonial speeaind was
anthropogenically introduced to nine sites in Genynael-
gium, and the Netherlands €H ER 2011, DEKONINCK &
al. 2015, plus data given in this paper) whichadrsituated
north of 48° N.Tapinoma magnurbecame here a pest spe-
cies with strong local impacts. The beachheadth®Ger-
man introductions were garden centers and treeeriass
and for the Belgian introduction probably the harbb
Oostende. The frost resistance and low foragingpézes
tures are remarkable for a Mediterranean ant. Geton
survived in Germany a 14-days frost period with mea
temperatures of -6.6 °C and an absolute minimur®fC
without any visible damage @RONINCK & al. 2015). The
German populations af. magnumshowed the last acti-
vity in late December at air temperatures of 8 A@ ee-
sumed activity after snowmelt in January durindcaudy
day and mean and maximum air temperatures of @6 a
12.2 °C (O=KONINCK & al. 2015; G. Heller, pers. comm.).
In the Mediterranean areBapinoma magnuns parti-
cularly abundant in open unstable or degraded aviths
significant to very strong anthropogenic influerms® a
weakly developed tree layer. It is more abundardamdy
soils and significantly rarer on rock. If repontsrh South
France (EERNARD 1968, 1983) should largely referTo
magnumit shows a quite developed tolerance againstifloo

genous distribution (Fisher's exact test p = 0.5.7B&pi-
noma magnunseems to be absent from Iberia except for
a beachhead in southernmost Spain. The rarity &n3p
somewhat surprising considering the strong invasoten-
tial of T. magnumThe dominance of the supercolonial
ibericumin southern Iberia and of the supercolorial
darioi sp.n. in northern Spain probably will have hamp-
ered a colonization of these areasTbynagnumWe got
the general impression that syntopic occurrendbeothree
supercolonial species is exceptional.

According to geography of collecting sites (we dat
get samples from the authors), the investigatidéiy GHT
& al. (2010) can be referred with a fair probakiliv Ta-
pinoma magnugrbut T. darioi sp.n. cannot be excluded.
BLIGHT & al. (2010) showed that théliapinomaants lim-
ited the spread of the invasive Argentine Arnihepithema
humile (MAYR, 1866)in Corsica and southern France. In
space and food competition assaysThpinomaspecies
of BLIGHT & al. (2010) was more efficient thdnnepi-
themain both interference and exploitative competition,
clearly superior in direct fighting, dominated foindl00%
of the replicates after one hour, and invategpithema
nests while the reverse was never observed. Saldted
laboratory investigations do not necessarily telidno is
the final winner in a particular outdoor confroimat be-
cause this is determined not only by basic fighting re-
cruiting properties but also by ecological adaptatnd
demographic factors. Strong intraspecific aggrétysbe-
tween polydomous colonies & magnunin gardener's
centres of Germany suggests either repeated imtiods
to the same site or secondary colony splittingtiically
isolated colony fragments developed a significgures-
sivity between former nest mates already six moaftes
separation (G. Heller, pers. comm.). Protectioniioé and
citrus mealybug colonies bly. magnun{a posteriori deter-
mined by geographic indication) significantly reddahe
effect of several parasitoids and predators wiéhekcep-
tion of adult Coccinellidae (MNSOUR & al. 2012). In south
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Italy, T. magnuncaused direct damage in horseradishis so far unknown. XKrRDA & al. (1989) also observed a

cultures by injuring of plants and licking of phlnesap
(D. Battaglia, pers comm., sample Potenza-20145)7.1

tool use: Small twigs or pebbles are dropped igtad food
and retrieved after impregnation. The phenologgexiual

The nests are subterranean and often very extendeg@roduction is poorly studied but apparently compéra

frequently reaching to a depth of 1 m. Nest entarigpi-
cally develop to big crater-like domes of ejectei par-
ticles. When occurring in sand dunes (a typicalitaals
the back of coastal sand dunes closest to sea)etkey
cavate and maintain long-lasting trails in the saith
are V-shaped in section and up to 5 cm deep. Tdgebt
supercolonies stretch over areas of one hectameooe,

to the situation if. magnum22 May + 20 d [23 April -
23 June] n = 12. There is one observation of alfes
France 16 September 2014. One flight observed igeva
ingen / Netherlands took place 9:23 h ST on 31 Rizi4
(11:00 h CEST according toddRrDIJK (2016), adjusted
to solar time ST). Foraging time and temperatufeb®
Wageningen population are comparable to obsenstion

should number > 20 million workers and show a perma GermanT. magnumlast activity was in late December at
nent exchange of broods between the nests. Simgle n air temperatures of 3 °C (cloudy day) or -2 °C (suday)
spots may contain up to 350 queens. Alates occumred and activity was resumed by the end of Februagy 4t

Italy, Germany, and the Netherlands 10 May + 2&d [ (NOORDIK 2016).

April - 17 June] n = 9 (arithmetic mean * standdedia-
tion [earliest, latest] number of observations)isTis
apparently the main period but there is an obsarmat
of alates in Algeria in August / September. Swagrog-
curred in May and June, not earlier than 2 - 3 wesdter
eclosion from pupae. Most mated gynes stay in ar tee
the home colony seeking adoption in conspecifitsnest
their big bodies and well-developed flight musdasuld
indicate a basically good potency for dispersghfliand
independent colony foundation.

Commentson distribution and biology of Tapinoma
darioi sp.n.

Supercolonies have the same extension @gainoma
magnumand probably also the same demography and com-
petitive power: a very large supercolony at La @Geallotte,
being more than 200 m long, had occupied in 20%2 ju
the area covered by a huge colony imfepithema humile
ten years ago.

Comments on distribution and biology of Tapinoma
ibericum

There is almost nothing known on the biology o$ thpe-
cies except for the fact that it may form largeesgplo-
nies.Tapinoma ibericunapparently has a weaker tramp
species potential thah magnumOnly one anthropogen-

Tapinoma darioisp.n. is found in northeast Spain, the Ba- ous introduction is known so far: A mature polydarso

learic islands, southern France, Corsica, and wedhltaly
south to Rome in an area delimited by 39.8° N, 482
0.1° W, and 12.4° E. In contrast To magnumthere is a
clear preference for coastal areas: 32 samples take®a
along the shore line within a maximum distance &h#

colony was found in the Ventnor Botanic Garden loa t
Isle of Wight in 2016 which was probably foundedidg

the import of several large plants from southerailspome
ten years ago (C. Pope, pers. comm.). Apart frasrfitid-

ing, T. ibericumseems to be restricted to its native range

from beach and seven samples more than 4 km behinith Iberia south of 41° N — an area probably noteexiing

shore. This is significantly different from a honemgus
distribution over shoreline and inland (Fisher'aaxest

250,000 kr. It is unknown ifT. ibericumis abundant
along the shore line of southern Iberia because thvas

p = 0.0054). With 16 sequences belonging to 10dyapl no systematic sampling at coastal sites. Accorgijrttle
types,T. darioi sp.n. is more diverse in southern Francedata in Table 5 are likely to be misleadifigpinoma ibe-

than in Italy where 11 investigated sequences lgeldo
only two haplotypes. This suggests a radiation ereot
this species in southern France. A disjunct, nortipep-
ulation at Chalon-sur-Saone (46.78° N, 4.86° E) ted
introduction to Wageningen (51.98° N, 5.67° E) aadé
a tramp species potential.

ricumandT. darioi sp.n. are the only species of the com-
plex apparently not showing a broader geographigea
overlap. The phenology of sexual production, asvddr
from our poor data, seems to be comparable toitha-s
tion in the other species: 15 May + 28 d [24 April5
June] n = 5. Low foraging temperatures are applgralso

Nest construction and the build-up of an impressivetypical for this species: according to observatidrthe

network of deeply excavated trails in coastal doaleitats
is the same as ihapinoma magnunThe information on
biology given by XRDA & al. (1989) could be referred

to T. darioi sp.n. by geographic indication. Foraging in

northeast Spain is diurnal from February to May ered
puscular and nocturnal from June to November. \ésry
tensive trophobiosis with aphids occurs both orh tiiges
and in the herb layer — honey dew accounts for girbyb
> 80% of total food mass. Consumption of nectaaioel

senior author in Portugal 14 February 2016, it thasonly
ant species showing surface activity at air tentpeza of
10 °C.

Comments on distribution and biology of Tapinoma
nigerrimum

Tapinoma nigerrimundliffers from the other three species
in frequently showing monodomous, not very larg®€o
nies which behave aggressively to each other. Bolpdis

somes of diverse myrmecochorous plants and ofrfalle colonies seem to exist but true supercolonialitaoin-

sweet fruits is less important. Carnivory of inseanails
and spiders is significant but probably more aemilhg
of carcasses than active hunting. Predation ofae>af
ants alighting after nuptial flight may be interesiAfter
discovery of very large food items, a mass recraittn
starts. The item is disintegrated and the cut-&€tgs are
retrieved by single workers. Cooperative transpbitems
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vasive potential are not confirmed so far. Furtteemthere
seems to be some trendTinnigerrimumof selecting more
natural or semi-natural habitats — without avoidiadpi-
tats with anthropogenous impact. The other threeisp,
in contrast, are clearly more abundant in sites wfitong
anthropogenous pressure nigerrimum furthermore, shows
a clear avoidance of coastal areas: Only two sawpdze



Figs. 8 - 11Tapinoma darioisp.n. (8 - 10) Holotype worker. (8) Head in dom@spect; pubescence partially abraded.
(9) Mesosoma in lateral aspect. (10) Clypeus irsafpontal aspect; pubescence partially abraded.Ratatype male
from the holotype's nest: genital in ventral aspect

taken along the shore line within a maximum distaot = CW 859 + 158 [559, 1189] um. Depth-to-width ratio o
4 km from beach but 17 samples more than 4 km ¢hlan clypeal excision and length-to-width ratio of segduani-
from shore. This is significantly different fromhamoge-  culus segment on average larger than in the offemies:
nous distribution over shore line and inland (p.&185).  ExCly / ExClyW 1.609 * 0.265 [1.115, 2.289] and 2Fu
As the sampling schedule of this study stronglyarnd 1.948 +0.114 [1.679, 2.289]. Mandibles with a &agpi-
recorded inland areas and thus the main habita@s of cal, a less large subapical, and 9 - 11 smalléh te@mo-
nigerrimum the relative rarity and disjunct distribution sug genously distributed over the whole masticatorygimar
gested by this paper are probably no real traieste8 were  Whole head (except for clypeus) and dorsum of meso-
observed: 4 May + 10 d [29 April - 21 May] n = 5. soma always without standing setae. Long standétees
are present on the fourth gaster tergite (rarefyriméng at
the 2%, on all gaster sternites, the ventral surfacesiruf
Etymology. The new species is dedicated to Dario D'Eu-and middle coxae and the frontal and caudal faderef
staccio who has been a major protagonist in tligprbut  coxae. Anterior margin of clypeus with several sgtae
did not experience its completion due to his trafgath. two longest and strongest are inserted at antedorers
Type material. See above under "Type Material". of clypeal excision (Fig. 10). All body surfacestiwthe
Description of worker (Figs. 8 - 10; Tab. 1; numeric exception of mandibles covered by an appresselderat
data given in the description were obtained fromi #8-  dense pubescence (Figs. 8, 9); mean distance etionms
amined worker individuals of any body size, aramany points of pubescence hairs on central vertex ofagom
data without removal of allometric variance and are  worker 8.5 um. Pubescence on frontomedian vertex an
ranged in the sequence arithmetic mean + standavid-d clypeus more subdecumbent with 6 to 19 pubesceaicg h
tion [minimum, maximum]): Significantly smaller thahe  protruding at a few micron across margin of clypeati-
other three species of ti@pinoma nigerrimuncomplex;  sion. Whole body dark to blackish brown exceptrim-

Description of Tapinoma darioi sp.n. (Figs. 8 - 11)
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dish brown or yellowish mandibles, anterior clypeasd
distal and proximal ends of tibiae in many majorkeos.
Description of male (Fig. 11): On average smaller than
in the other three species of thapinoma nigerrimum
complex. Data of 29 individuals: CW 1.028 + 31 [972
1121] um, CL / CW 0.908 + 0.021 [0.871, 0.961], SL
CS 0.957 + 0.026 [0.901, 1.023], EXCIyW / CS 6.83 %
1.06 [4.15, 9.39] %, ExCIlyW / CS 6.96 + 0.89 [4.27,
8.83] %, dAN / CS 0.286 + 0.008 [0.265, 0.302], BLS
0.322 + 0.009 [0.300, 0.338], ML / CS 1.847 + 0.059
[1.727, 1.976], Fu2 / CS 25.44 + 0.72 [23.86, 2y B85
IFu2 2.692 + 0.129 [2.387, 2.910], ExBasi / CS 66293
[4.68, 8.93] %, WSPL / CS 23.65 * 3.14 [16.5, 298]
ALPH 60.0 = 6.7 [44, 71] °. The genital shows imtral
aspect a very broad basimere and a broad bladéike
pago (Fig. 11) which separates very well from mersbe
of other species complexes. However, genital mdggyo
does not offer eye-catching differences to the rotipe-
cies of theT. nigerrimumcomplex. A sufficiently clear
species delimitation is only possible by multivegianaly-
ses which consider both genital and extragenitaiatters.

Final conclusions and recommendations for further
research

Congruent results of NUMOBAT investigations inthilee
castes and characteristic geographic distributattepns
provide evidence for the existence of at least foyptic
species in th&apinoma nigerrimuncomplex. This view
is supported by full congruence of mtDNA and NUMO-
BAT clustering in three species. The mismatch dDNA
with phenotype in three local populations Tf darioi
sp.n. is credibly explained by taking-overmagnunma-
trilines after hybridization events in the youngsmwolu-
tionary history.

Future research should investigate the speciabggyol
and autecology of these interesting species aly stter-
specific relations under syntopic or sympatric aoence
in contact zones. We are far from really understanthe
species. There is insufficient knowledge of theingasce-
narios of each species, on the relation betweeariidal
mating and swarming flight, inbreeding and outbmegd
on the frequency of single-queen (flight) dispeesa col-
ony foundation relative to dispersal by colonyifiss Ans-
wering these questions will also allow a betteeassent
of the invasive potential. Larger segments of gaphic
distribution are also unknown. A web-based distitou
map of 'T. nigerrimuni in Iberia (http://www.hormigas.
org/xEspecies/Tapinoma%20nigerrimum.htm), for edamp
shows plenty of collecting points along the south@pan-
ish shore line. Do these points referftoibericumor to
another species?
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