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SUMMARY

The disjunct distribution of supposedly related carabid taxa in different con-
tinents highly stimulated the curiosity of carabidologists interested in
Biogeography, which resulted in the proposition of a long series of hypothe-
ses and theories. The tribe Pterostichini, one of the most diverse groups in the
family Carabidae and with a world wide distribution, has been the object of
some recent phylogenetic analyses and classifications, based on both external
and genital characters and on molecular data.

The main goal of the present contribution is the study, using a molecular
approach, of the supposed close relationships between the Euro-Mediterranean
taxa attributed to “Pterostichidae Molopini”, and some genera of South Africa,
Madagascar, Australia and New Zealand.

1) Zoological researches supported by the Iralian Ministero dell’Istruzione, dell'Universita e della Ricerca Scientifica e
Tecnologica (MIUR-PRIN 2004057217 “Zoogeography of Mediterranean - Southern African disjunct diseributions
by a multimethod approach”), and the UE program Interreg Sardinia-Corsica-Tuscany on Biodiversity. Molecular work
supported by the project CGL2007-61665/BOS of the Spanish MEC.



We studied three representatives of the southern hemisphere “Molopina”
sensu Jeannel, 1948, two of “abacomorphic” and “zabromorphic” facies
(Eucamptognathus (Heterabax) androyanus and Eucamptognathus (Mimozabrus)
cf. oopterus), and one of “carabomorphic” facies (Eudromus striaticollis). For
their phylogenetic placement, we used published and newly obtained sequences
of Euro-Mediterranean “true” Molopina (genera Abax, Percus, Molops,
Tanythrix and Styracoderus), plus other genera of Palaearctic Pterostichini
(Prerostichus, Stevocorax, Corax, Poecilus, Astigis). We sequenced eight gene frag-
ments from tissue samples of the ethanol-preserved specimens, six mitochon-
drial (cox1, nadl, nad5, rrnL, rrnS, tRNA-leu) and two nuclear (SSU, LSU),
with a total of 5303 aligned nucleotides.

Our preliminary data, exposed in the present contribution, show that the
clade “Molopina”, including the genera Molops, Tanythrix (valid genus), Percus
and Abax, but excluding Styracoderus, seems to be strongly supported. On the
contrary, there is not any evidence to hypothesize that the Madagascan pteros-
tichid beetles are related to the Furo-Mediterranean Molopina, which could
be more likely derived from “Angarian” (Asiatic-European) lineages.

INTRODUCTION
Disjunct distributions in carabid beetles

The questions about phylogenetic relationships berween faunas and floras
of the northern and the southern hemispheres of the world, object of the last
meeting of the Italian Society of Biogeography, has greatly fascinated biogeo-
graphers of every time. Many new data have been obtained, and in part already
published on different zoological groups, thanks to the project “Zoogeography
of Mediterranean-southern African disjunct distributions by a multimethod
approach”, co-ordinated by the University Roma Tre (Prof. Marco Bologna),
with the participation of students of the universities of Rome “Sapienza”,
L’Aquila, Viterbo and Sassari.

A rich literature deals with this topic. Concerning carabid beetles, of which
the importance as biogeographic indicators is widely acknowledged, this ques-
tion has attracted much interest from several entomologists: the disjunct dis-
tribution of supposedly related carabid taxa in different continents highly stim-
ulated the curiosity of carabidologists interested to Biogeography, which result-
ed in the proposition of a long series of hypotheses and theories. The original
question, however, summarized by Thiele (1977) in one of the chapters of his
outstanding book, is still the same: did carabids originate in the northern hemi-
sphere, or in the southern part of the world?
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Jeannel (1942a), for instance, in one of his classic and pioneer contributions
to Biogeography, cited and illustrated some of these cases (among others,
Carabidae Trechini of the so called Homaloderina group). Later, in one of his
monographs, Jeannel (1957) stressed the markedly disjunct distribution of the
small, endogean Carabidae Scaritinae of the subtribe Reicheina, currently
known from a few extant representatives in South and Central Africa, and many
genera and species distributed in the Euro-Mediterranean area, from the Iberian
peninsula and Maghreb to the Caucasus. Other examples and cases have also
been cited and discussed, among others, by Noonan (1979) and Erwin (1979).

A molecular approach to an example of disjuncr distributions in carabids
was recently presented by Priiser and Mossakowski (1998), concerning the so-
called supertribe Carabitae, which occurs with two groups in the northern
hemisphere (Carabini and Cychrini), another one with world wide distribu-
tion (Calosomini), and two isolated taxa (Ceroglossini and Pamborini) living
in the southern hemisphere, in Chile and Australia respectively.

More recently, another remarkable example has been the object of both mor-
phological and molecular studies: the Tribe Promecognathini. Known until a
few years ago from North-Western America and South Africa, it was recently
discovered in the Mediterranean area with an exceptional, troglobitic species
(Dalyath mirabilis Mateu, 2002) in a “Sierra” of the Southern Iberian
Peninsula (Mateu & Bellés, 2003; Ribera et al., 2005).

The “Molopina case”

The tribe Prerostichini, one of the most diverse groups in the family
Carabidae and with a world wide distribution, has been the object of some
recent phylogenetic analyses and classifications, based on both external and
genital characters and on molecular data, regarding mostly Palacarctic and
Nearctic taxa (Bousquet, 1999; Maddison et al., 1999, Ober, 2002; Sasakawa
and Kubota, 2007).

The main goal of the present contribution is the study of one of the examples
proposed by Jeannel (1948), in his great monograph of the Madagascan carabid
fauna, using a molecular approach. In this work, Jeannel proposed a close rela-
tionship between the Euro-Mediterranean taxa attributed to “Pterostichidae
Molopini”, and some genera of South Africa, Madagascar, Australia and New
Zealand. In general, and discussing with his usual competence some external
and genital features, he proposed that Molopini Bonelli, 1810 “will have to
include many Gondwanian genera”, previously included in different tribes
(Sphodrosomini Tschitscherine, 1902, Abacomorphini Tschitscherine, 1902,
Cyphosomatini Tschitscherine, 1902, Cratogastrini Tschitscherine, 1902).
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Indeed, the resemblance of several Madagascan Pterostichini species of the
genera Eucamptognathus (subgenera Abacinus Jeannel 1948, Heterabax Jeannel,
1948, Mimozabrus Jeannel, 1948), Eudromus Klug, 1835, Eurypercus Jeannel,
1948, Molopinus Jeannel, 1948 and Peyrieraselus Deuve, 1981 to species of
Palaearctic Molopina (of the genera Abax Bonelli, 1810, Percus Bonelli, 1810,
Molops Bonelli, 1810), and in some cases with some Carabina, Amarina and
Sphodrina species, is impressive (Figs. 1-10).

In the more recent literature, the question has not been treated in detail. In
some catalogues (Lawrence et al., 1987; Lobl and Smetana, 2003; Lorenz,
2005), the genera that Jeannel included in his “Molopini” are currently treat-
ed as “Pterostichitae”, “Pterostichinae”, or “Pterostichini”, without further
specification.

Some authors, however, recalled this question. Basilewsky (1967), for
instance, treated some new Madagascan taxa as “Molopini”. More accurate-
ly, Deuve (1981, 1982, 1986), in describing some pterostichid taxa from
Madagascar, specified that he was attributing them to “Molopini, sensu
Jeannel”. In particular, in his first note (Deuve, 1981), he carefully discussed
the question of the Jeannel’s taxonomic treatment, and recalled that the only
character uniting the boreal with the austral Molopini was indeed a “negative”
character, i.e. the loss of discal setiferous punctures on the elytra.

We are now able to furnish some further data on this question, thanks to
the kindness of Michael Balke (Munich), who allowed us the study of some
specimens of Madagascan Prerostichini preserved in absolute ethanol. Their
study, together with molecular data from several taxa of “true” Euro-Asiatic
Molopina and other Prerostichini, allowed us to asses the phylogenetic posi-
tion of these carabids. ‘

MATERIAL AND METHODS

We studied three representatives of the southern hemisphere “Molopina
sensu Jeannel, 1948”, two of “abacomorphic” and “zabromorphic” facies
(Eucamptognathus (Heterabax) androyanus Tschitscherine, 1903 and
Eucamprognathus (Mimozabrus) cf. oopterus Tschitscherine, 1898), and one of
“carabomorphic” facies (Eudromus striaticollis Brullé, 1834) (Tab. I). For their
phylogenetic placement we used published and newly obtained sequences of
Molopina sensu Jeannel (1942b) and Mateu (1955) (genera Abax, Percus,
Molops, Tanythrix and Styracoderus), plus other genera of Palaearctic
Pterostichini (Prerostichus, Sterocorax, Corax, Poecilus, Astigis) (see Tab. I for
details). As outgroups we used one example each of Brachininae, the sister
group of Harpalinae (Ober, 2002; Ribera et al., 2005) and Carabinae, both
clearly outside Pterostichini. The tree was rooted in Carabus.
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Figs. 1-10 - Pterostichini “Molopina” in the widest sense of Jeannel (1948) from Madagascar (1 - 4) and Australia
(5), and “true” Euro-Mediterranean Molopina (6-10), habitus, dorsal aspect. 1 - Eudromus striaticollis (Brullé, 1834);
2 - Eucamprognathus (Eudromoides) gigas (Basilewsly, 1967); 3 - E. (Heterabax) violaceus Jeannel, 1948; 4 - E,
(Eudromoides) opacus (Fairmaire, 1892); 5 - Mecynognathus damelii W.J. MacLeay, 1873; 6 - Abax (Abacopercus)
carinatus sulcatus A. Fiori, 1899; 7 - A. (Abacopercus) schueppeli Palliardi, 1825; 8 - Percus (Percus) passerinii (Dejean,
1828); 9 - Molops striolatus (Fabricius, 1801); 10 - Speomolops sardous Patrizi, 1955 (10).
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We sequenced eight gene fragments from tissue samples of the ethanol-pre-
served specimens, six mitochondrial (cox1, nadl, nad5, rrnL, rrnS, tRNA-leu)
and two nuclear (SSU, LSU), with a total of 5303 aligned nucleotides (full details
of sequencing methods, primers used and GenBank sequence accession num-
bers will be provided elsewhere, Ribera, Hernando & Casale, in preparation).
Protein coding genes (cox1, nadl, nad5) where not length variable and the align-
ment was trivial. Ribosomal genes (rrnS, rrnL, SSU, LSU) and the tRNA-Leu
sequences were aligned using multiple progressive pairwise alignment with sec-
ondary refinement as implemented in the software MAFFT online v. 6 using
the Q-INS-i algorithm (Katoh & Toh, 2008). The data matrix was completed
with sequences obtained from published sources (Diiring & Briickner, 2000;
Briickner, 2002, 2004a, 2004b; Briickner & Mossakowski, 20006).

Bayesian analyses were conducted on a combined data matrix with MrBayes
3.1.2 (Huelsenbeck and Ronquist, 2001), using eight partitions, correspond-
ing to the eight genes and a GTR+I+G evolutionary model with the parame-
ters estimated independently for each partition. MrBayes ran for 15x10/6 gen-
erations using default values, saving trees each 100. “Burn-in” values were
established after visual examination of a plot of the standard deviation of the
split frequencies between two simultaneous runs.

For comparative purposes we also conducted maximum likelihood search-
es in Garliv. 0.951 (www.bio.utexas.edu/faculty/antisense/garli/Garli.html),
which uses genetic algorithms (Zwickl 2006), with an estimated GTR+I+G
model for the combined sequence and the default settings. Support was mea-
sured with 1000 bootstrap replicates (Felsenstein, 1985), reducing the num-
ber of generations without improving the topology necessary to finish the run
to 5,000 instead of the default 10,000 to reduce the computation time.

RESULTS

The two independent runs of MrBayes converged at a value of the standard
deviation of the split frequencies of ca. 0.003 at 13x1046 generations, which
was considered the burn-in value. The phylogram of the tree obtained with
the last two millions generations of both runs is represented in Fig. 12. The
topology was identical to that obtained with maximum likelihood (as imple-
mented in Garli), and in both cases node support was generally very high (pos-
terior probabilities higher than 0.95, bootstrap values above 70%).

There was strong support for the monophyly of “Molopina sensu stricto”,
including the genera Percus, Abax, Molops and Tanythrix, but with the exclu-
sion of Styracoderus and the Madagascan taxa.

Styracoderus was included among a group of genera related to Prerostichus
with very high support (posterior probability 1, bootstrap value 100%):
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Fig. 11 - Geographical distribution of “true” Euro-Mediterranean Molopina (1), and additional taxa attributed to
Molopina by Jeannel (1948) (2).

Pterostichus, Sterocorax and Corax. The northern-hemisphere Pterostichini were
monophyletic and sister to the southern taxa, with high support in MrBayes
(posterior probability of 1) but low for Garli (bootstrap value less than 50%).

Although the incomplete taxon sampling of Pterostichini (and other
Harpalinae tribes) precludes the resolution of the phylogenetic position of the
Madagascan taxa, from our tree we can conclude that they are not directly
related to the Mediterranean Molopina, and the similarity in their general
habitus should be due to convergence.
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Percus strictus lacertosus
Percus striclus strictus MNCN-A1265
Percus strictus oberleitneri P41

0.88/58
6.96/70
HE Percus strictus cf.
1197
Percus strictus oberleitneri P40
0.88/60 Parcus cylindricus
Percus corsicus
Percus reichel
Percus lineatus
0.96/57 Percus guiraol
Percus stultus
Percus patruelis
Percus politus MNCN-AI266
Percus plicatus

Percus villai

17100

<@5/88 [+ Abax angustatus

Abax ohlongus obiongus
Abax exaratus MNCN-AI1295
Abax pyrenasus MNCN-AI267
Abax carinatus

MOLQOPINA
1 /87

1/<50

Abax ovalis

0.9/74 Abax paralielepipedus inferior
17100 E Abax paralielepipedus lombardus
Abax parallelepipedus contracius

Tanythrix edurus

Tanythrix senilis MNCN-A1473

Molops piceus MNCN-AI362

0.95/73 Pterostichus niger
Sterocorax globosus MNCN-AI474
Styracoderus atramentarius MNCN-AI1181
Corax ghitianii MNGN-AI1068

Poecitus cupreus MNCN-AI1294

Astigis salzmanni MNCN-AI1293

0.65/99

1/78
1/i<50

0.87/65

0.77/868

0.52/54

ygnathus (Meterabax) androyanus MNCN-AI77

11100
__‘ﬂ'_[——_—————‘i——————- Eucamptognrathus (Mimozabrus) oopterus MNGN-AI476
1 southern “Molopina” Eudromus striaticollis MNCN-AI478

Brachinus s MNCN-AIST

Carabus splendens

G.05
Fig. 12 - Phylogram reflecting the phylogenetic relationships among the studied taxa obtained with MrBayes, Numbers
in nodes, posterior probabilities / Maximum likelihood bootstrap values, as obtained in Garli (see Methods for details).

Codes after the name of species refer to voucher numbers of the sequenced specimens, data of species without codes
were obtained from GenBank (see Tab. I for details).

DISCUSSION AND CONCLUSIONS

From the morphological point of view, Euro-Mediterranean Molopina
Bonelli, 1810, treated here as a subtribe of Pterostichini, appears as a moder-
ately supported monophyletic unit. As recalled by Brandmayr and Zetto
Brandmayr (1994) and by Diiring and Briickner (2000), the group is charac-
terized by some external features like the absence of discal setiferous punctures
on elytra (we recall however that these are present, in the posterior half of the
elytron disc, in Tanythrix), the presence of a keel on the seventh elytral stria
(reduced or absent however in Molops: Briickner and Mossakowski, 2006), the
lack of secondary sexual characteristics in the 7* abdominal segment in the
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male (absent also in other groups of Pterostichini), and the presence of a mem-
branous band at the base of the first antennomere in the larvae. The features
of female genitalia do not give informative data on the homogeneity of
Molopina (Giachino & Sciaky, 1991). Furthermore, some species of some
genera are noticeable for having developed phenomena of parental care
(Brandmayr and Zetto Brandmayr, 1979).

From the molecular point of view, among the genera currently attributed
to this subtribe, the monophyly of the genera Percus Bonelli, 1810 and Abax
Bonelli, 1810 (in the widest sense) appears however evident (Briickner and
Mossakowski, 2006; Diiring, 2004).

Our preliminary data, exposed in the present contribution, show that the
clade “Molopina”, including the genera Molops Bonelli, 1810, Tanythrix
Schaum, 1858 (treated as a distinct genus: see Vigna Taglianti, 1993), Percus
Bonelli, 1810, and Abax Bonelli, 1910, but excluding Szyracoderus Chaudoir,
1874 (a genus currently attributed to this subtribe: Mateu, 1955; Serrano,
2003), seems to be strongly supported (Fig. 12). Styracoderus seems to belong
to the complex of genera related to Prerostichus Bonelli, 1810 (sensu latissimo),
without close relationships to Molopina.

We can also anticipate that some of the subterranean taxa currently attributed
to Molopina (genera Molopidius Jeannel, 1942, Speomolops Patrizi, 1955,
Henrotius Jeannel, 1953, Zariqueya Jeannel, 1924, Oscadytes Lagar, 1975,
Typhlochoromus Moczarski, 1913) are confirmed as members of this subtribe.
Their phylogenetic position - with comments on their biogeographic history -
will be discussed in another contribution (Ribera, Hernando and Casale, in prepa-
ration). Unfortunately, there is so far no molecular data available of the Balkan
genera Stenochoromus L. Miller, 1866, and Henrotiochoromus Busulini, 1958.

Our phylogenetic analysis fully excluded that the Madagascan taxa, attrib-
uted by Jeannel (1948) to Molopina, belong to subtribe Molopina as re-defined
here. Conversely, the few examined species, in spite of important differences in
their morphological external features, form a monophyletic unit and a strong-
ly supported clade. A molecular study with a better taxon sampling will be nec-
essary to verify if all Madagascan Pterostichini, characterised by an impressive
adaptive radiation, are derived from a single, or several colonization events of
the island, to establish their relationships to South-African taxa, and to check
a (possible) relationship to extant S.E. Asiatic and Australian Pterostichini. At
that moment, the re-evaluation of some subtribes should be possible.

In any case, we do not have any evidence to hypothesize that the pterostichid
beetles of the southern hemisphere are related to the “true” Euro-Mediterranean
Molopina, which could be more likely derived from “Angarian” (Asiatic-
European) lineages, with an early origin within the area. In particular, the distri-
bution of the western Mediterranean Molopina (including some subterranean
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taxa) presents the classical “Tyrrhenian” pattern, with morphologically highly
derived species in the Iberian peninsula, Sardinia and Mallorca. This has tradi-
tionally been interpreted as the result of an ancient vicariant separation produced
by the tectonic, Miocene drift of the West Mediterranean micro-plates, although
there is still no genetic data to support this biogeographic hypothesis.
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