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SUMMARY

The authors introduce and shortly discuss the intriguing issue of biogeographical disjunctions, with special
emphasis on the Mediterranean-southern African disjunctions, analyzed considering both dispersal and vicariance
models. Combined data sets based on both morphological and molecular cues from a relatively large series of different
animal and vegetal taxa (some of them extensively discussed in the present volume) indicate true and significant
phylogenetic relationships between Mediterranean and southern African biota. Where molecular data are available,
the estimated times of divergence frequently supports evidence of an “Arid Corridor”, or of a “Central or Eastern
High Africa Corridor”, which connected a number of times in the last 20-25 MYs the European-Mediterranean and
eastern/southern African areas, and facilitated species migration northwards and southwards. These corridors allowed
the dispersal southwards of several taxa of European-Mediterranean origin, frequently reaching at least the main
mountain systems and the coasts of Eastern and SE Africa. On the other hand, several taxa of eastern and southern
African origin migrated northwards, colonizing the Mediterranean and southern Palaearctic areas. Finally, secondary
radiations at specific level frequently occurred in the last MYs both in Mediterranean and African areas, involving
taxa of African and Mediterranean origins, respectively.

INTRODUCTION

Among the most relevant topics in biogeography, a fundamental role is
played by the analysis of the origin and the evolutionary timing of disjunct



distribution patterns among animals and plants (Brown & Lomolino, 1998).
These patterns, already observed since Darwin (1859), are becoming increas-
ingly known for both terrestrial (Croizat, 1958; Fryxell, 1967; Nelson &
Platnick, 1981) and marine fauna (Briggs, 1974).

As far as terrestrial fauna, we can mention: the “Holarctic distribution pat-
tern”, incorporating records from both the Palaearctic and Nearctic regions
(Darlington, 1957; Wen, 1999; Sanmartin et al, 2001; Von Dohlen et al.,
2002); the disjunct distributions including both the Nearctic and the
Neotropical regions (Darlington, 1957; Croizat, 1958); the so-called
“Transpacific distribution” (see McCarthy, 2003); and finally the well known
disjunct Palaeotropical distributions, largely emphasized for plants (Croizat,
1968; de Winter, 1971; Bramwell, 1976; Axelrod & Raven, 1978; White,
1983; Coetzee, 1993; Thlenfeldt, 1994; Jiirgens, 1997) but also frequently test-
ed in many animal groups. Among vertebrates, we can remember: bony fish-
es such as Cichlidae (Murray, 2001; Sparks, 2004; Sparks & Smith, 2004),
Aplocheilidae (Murphy & Collier, 1997) and Anabantidae (Berra, 2001);
amphibians such as Caeciliidae Caeciliinae (Wilkinson et al., 2002),
Nasikabatrachidae and Sooglossidae (Biju e Bossuyt, 2003), Racophoridae
(Pough et al., 1998; Wilkinson et al., 2002), Ranidae (Kosuch et al., 2001)
and Microhylidae Melanobatrachinae (Loader et al., 2004), and the
Plethodontidae salamanders; reptiles such as Boidae of the genus Python
(McDiarmid et al., 1999); birds such as Bucerotidae and Nectariniidae (Sibley
& Ahlquist, 1990); and, finally, mammals such as Lorisidae (3 Afrotropical
and 2 Indo-Malayan genera) and Manidae (Wilson & Reeder, 2005); while
for invertebrates, we can mention: earthworms (Oligochaeta) such as
Megascolecidae and Acanthodrilidae (Omodeo, 1963, 2000; Sims, 1980); vel-
vet worms (Onychophora) of the families Peripatidae and Peripatopsidae
(Monge-Najera, 1995), crabs (Crustacea Decapoda) such as Gecarcinucidae
(Cumberlidge, 1996; Tan & Peter, 1997); millipedes (Diplopoda) such as
Harpagophoridae (Demange, 1961; Hoffman & Burkhalter 1978); the
Holoarctic Archostematha beetles of the families Cupedidae and
Crowsoniellidae, ground beetles (Coleoptera Carabidae; Jeannel, 1942), blis-
ter beetles (Coleoptera Meloidae) (Bologna, 1991; Bologna & Pinto, 2002),
scarab beetles (Coleoptera Scarabaeoidea) (Carpaneto et al., 1993) and flea
beetles (Coleoptera Chrysomelidae Alticinae) (Biondi, 2001). Again about
beetles Jeannel (1942), in one of his classic and pioneer contributions to
Biogeography, cited and illustrated some of these cases (among others, beetles
of the family Carabidae, tribe Trechini, of the so called Homaloderina group).
A molecular approach to an example of disjunct 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
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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.

As regards marine fauna, great emphasis has been given to the analysis of
the Trans-equatorial (Vermeij, 1992) and Bipolar distributions (Crame, 1993;
Pierce & Turner, 1993; van Oppen et al., 1993; Darling et al., 2000).

Disjunctions can be evidenced at different taxonomical levels. At a specific
level, typical and numerous examples of disjunct ranges are those of mountain
species, with isolated populations over the summits of mountain chains, or those
of insular populations of the same species. This model of distribution rarely
regards a bicentric or polycentric range of the same species, with greatly distanced
sub-ranges, as that of the small African Dik dik, Madoqua kirkii (Giinther, 1880).
Anyway, disjunct distributions generally pertain to taxa at a taxonomic level
higher than the species rank. More commonly it concerns, in fact, the distribu-
tion of supraspecific taxa at the genus or family rank.

The interpretation of the disjunct distributions requires different theoretical
and methodological approaches, generally inspired to the two basic conceptual
models of vicariance and dispersal. The dispersal tenet interprets disjunct dis-
tributions in two different ways: (a) long jumping dispersal, with several exam-
ples among Phanerogamae (Raven, 1973) or among crustacean taxa (Amat et
al., 1995), probably linked to dispersion events by means of propagules trans-
ported over long distance by wind or birds; (b) dispersal from a centre of origin,
followed by subsequent extinction in intermediate areas (see Darlington, 1957,
for a synthesis).

This theoretical framework, based on dispersal, was widely adopted by
European and North-American biogeographers, but subsequently it was partly
replaced by the vicariance model, which instead interprets disjunct distributions
as the result of the appearance of geographic barriers, which fragmented the
ancestral continuous distribution range of a species. On this model, the Croizat’s
Panbiogeography (Croizat, 1958, 1962) was developed along with the intro-
duction of the “generalised tracks” concept, which refers to disjunct distribu-
tions shared by taxa belonging to different phylogenetic lineages. On the same
line, many modern methodological approaches, based on vicariance and cladis-
tic biogeography, were proposed and developed in the last years (Nelson &
Platnick, 1981; Humphries & Parenti, 1999; Crisci et al., 2003).

In order to explain disjunct distributions, contrasting hypotheses might be
formulated:

a) taxa showing disjunctions are actually not closely related to each other and
morphological similarity is a product of adaptive convergence (Jablonski &
Sepkoski, 1996), i.e., the combined effect of intervening phenomena of com-



munity-scale convergent evolution under the pressure of shared macroclimatic
parameters. These phenomena may lead to misinterpret the true significance of
a given disjunct distribution, and increase the difficulty of interpreting extant
animal assemblages in a historical perspective. It is therefore very important, to
avoid this “trap”, that first analytical step is to determine whether the observed
patterns are real (true disjunction) or an artifact of incorrect taxonomy (false dis-
junction).

b) Sampling bias in some areas may obscure real continuous distributions of
taxa, for which information is not available for interposed areas; in these cases,
a low sampling effort in the intermediate areas may led to false disjunct distrib-
utions due to artifact of data missing.

¢) Taxa showing a disjunct distribution are closely related from a phylogenetic
point of view and consequently their current distribution is the result of the frag-
mentation of the ancestor’s range, followed by speciation. Of course, when the
same disjunct distribution is shared by more taxa belonging to different phylo-
genetic groups, a generalized track could be recognizable, giving ground for a
common vicariant mechanism explaining such “recurrent” patterns (Fryxell,
1967; Jablonski 8 Sepkoski, 1996; Ribera & Blasco-Zumeta, 1998).

In the last twenty years, our attention was focused on the existence of recur-
rent disjunct distributions between terrestrial and freshwater fauna of the
Mediterranean Basin and the southern Africa, that we name “The
Mediterranean-southern African disjunct distribution model”. Patterns of dis-
tribution referable to this model are already known from literature especially for
plants (e.g. Croizat, 1968; de Winter, 1971; Bramwell, 1976; Axelrod & Raven,
1978; White, 1983; Coetzee, 1993; Ihlenfeldt, 1994; Bohle et al., 1996; Jiirgens,
1997; McGuire & Kron, 2005), but also for animals (e.g. La Greca, 1970, 1990
for a synthesis). Consequently they represent a generalized biogeographical phe-
nomenon, which usually concern sister-taxa, usually genera or groups of species,
widespread in the Mediterranean Basin and in southern Africa, and including
related species in both areas.

The accumulation of examples of a particular pattern in different taxa has sta-
tistical relevance, and claims for a common explanation (Fryxell, 1967; Jablonski
& Sepkoski, 1996; Ribera & Blasco-Zumeta, 1998). As concerns particularly
insects, the main experimental group of our research, this particular model of
disjunct distribution was evidenced by several specialists: Chopard (1938),
Peyerimhoff (1938), Uvarov (1938), Jeannel (1957), Basilewsky (1963), La
Greca (1970, 1990), Oberprieler (1988), Bousquet & Smetana (1986),
Colonnelli (1984, 1986), Alonso Zarazaga (1990), Bologna (1991), Audisio
(1993), Louw (1993), Kirejtshuk & Audisio (1995), Osella et al. (1998), Mateu
(2002), Biondi & D’Alessandro (2006, 2008a, 2008b), Bologna et al. (2008).
E.g., in one of his monographs, Jeannel (1957) stressed the markedly disjunct
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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.
More recently, another remarkable example has been the object of both morpho-
logical and molecular studies: the Tribe Promecognathini. Known until a few
years ago from North-Western America and South Africa, it was recently disco-
vered in the Mediterranean area with an exceptional, troglobitic species (Dalyath
mirabilis Mateu, 2002) in a “Sierra” of the Southern Iberian Peninsula (Mateu
and Bellés, 2003; Ribera et al., 2005). In the present volume additional exam-
ples were discussed among several groups of animals, particularly insects.

AIMS, MATERIALS AND METHODS

To tackle the specific problem of Mediterranean-southern African disjunct
distributions, since 1993 some zoologists of the Roma Tre, Roma Sapienza,
L’Aquila and Sassari Universities performed several field expeditions in south-
ern Africa (Mozambique, South Africa, Namibia) focused on some beetles
families, centipedes and lizards, and aimed to recognize possible cases of this
disjunct distribution model. In addition, a Research Project supported by
grants from the Ministry of University was performed between 2004 and 2006
by researchers of these four Universities. This project (“Zoogeography of
Mediterranean-southern African disjunct distributions by a multimethod
approach”), coordinated by one of us (MAB), involved four Research Units,
22 University Researchers, 15 Ph.D. students or Post Doc, 4 associate
researchers. In this scenario, the involved specialists studied thousands of spec-
imens in several European and African museological institutions.

The animal groups studied as models for the project were: Porifera
Spongillidae; Crustacea Harpacticoidea; Chilopoda Geophilomorpha; Diptera
Tachinidae; Coleoptera Carabidae, Nitidulidae, Meloidae, QOedemeridae,
Scarabaeoidea, Chrysomelidae, Curculionoidea; Reptilia Lacertidae; Mammalia
Macroscelididae.

Aims of the research programme was to:

(i) Point out the existence of a generalized distribution pattern represented
by Mediterranean-southern African ranges, scarcely discussed for animals. Test
and evaluate similar distribution patterns in both terrestrial and freshwater ani-
mals to assess their bioogeographical significance as results of one or more vic-
ariance events. Distinguish these from analogous distribution patterns due to
adaptive convergence in xeric and Mediterranean biomes.

The congruence of areas relationships, coming from cladistic biogeograph-
ical analysis, developed on different sets of morphological and molecular char-
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acters (Hershkovitz and Zimmer, 2000), will permit to clarify the origin of
these disjunct distributions.

(ii) Define phylogenetic affinities within the selected taxa by cladistic analy-
ses on morphological and molecular characters data sets (mtDNA, nDNA).
The recent advances in the application of molecular techniques greatly
increased both in systematics (e.g. Page, 1994; Caterino et al.,, 2000;
Felsenstein, 2004) and in cladistic biogeography applied to the resolution of
disjunct distributions (e.g. Humphries et al., 1988; Oosterbroek and Arntzen,
1992; Morrone and Crisci, 1995; Ronquist, 1998; Morrone, 2002; Page,
2003; Sanmartin, 2003). This approach, in particular, allowed to exclude that
some genera of Carabidae Pterostichini of the Southern Hemisphere (South
Africa and Madagascar included) are related to Euro-Mediterranean genera of
“Molopina”, as previously hypothesised (Casale and Ribera, 2008).

(iii) Assess the biogeographical affinities between area systems through a bio-
geographical cladistic analysis. To interpret relict endemic taxa in Eastern
Africa, related with Mediterranean and southern African ones, as the evidence
of ancient dispersion routes, followed by vicariance events.

(iv) Calibrate molecular clocks, in order to date the vicariance events sug-
gested by disjunct distribution patterns, with the support of paleogeographic
and paleoecological evidences.

Further target of the project is the inter-taxa calibration of a molecular clock
and accurate phylogenies. This calibration will be based on estimates of genet-
ic distances among taxa of the Mediterranean Basin, where paleogeographical
information are available (Caccone et al., 1994; 1997; Ronquist, 1997;
Oliverio et al., 2000). This calibrated molecular clock will be afterwards used
among southern African relatives within each of the studied cases (e.g., Audisio
et al., 2008).

RESULTS AND CONCLUSIONS

The present volume, including this introductory paper, represents part of
the results of the Italian Biogeographical project, and includes most of the con-
tributions presented in the Workshop organized by us in Rome on September
2007, under the patronage of the Societa Italiana di Biogeografia (Italian
Society of Biogeography).

According to the results, particularly to dating by molecular clocks, and
comparing them with the previous literature, we propose the following hypoth-
esis. The “Mediterranean-southern African disjunct distribution model” is not
an homogenous model referable to a single biogeographical event. We point-
ed out the existence of two distinct sub-models of distribution: (i) Complete
disjunction; (ii) Disjunction with intermediate relicts in Sahara and East Africa.
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Each sub-model represents similar distributional typologies, which derive from
distinct events of both dispersal and vicariance, occurred in different periods,
but probably determined by the same type of ecological events. These includ-
ed drying up phenomena, such as the desertification or the formation of xeric
savannahs, which produced the interruption or the extended fragmentation of
the forest ecosystems in East Africa, allowing bilateral dispersal events, fol-
lowed by vicarance events, due to the forest re-expansion.

The origin of previous continuous ranges can rise from Tertiary dispersal
events from southern Africa, along the Eastern Africa to Mediterranean Basin,
or from Quaternary dispersal events along the opposite direction. Massive extinc-
tions in the interposed tropical and subtropical African areas, or alternatively
open and closed geographical and ecological routes and corridors throughout
the Eastern in the Pliocene and Pleistocene ages (Hedberg, 1965; Axelrod and
Raven, 1978), alternatively due to the expansion of tropical forests or deserts,
were hypothesized to explain such present-day distributions (Weidner, 1941;
Moreau, 1952, 1963; Livingstone, 1975; Ozenda, 1983; Williamson, 1985;
Louw, 1986; La Greca, 1990).

Another issue of this phenomenon is to define if the Mediterranean-southern
African links occurred only one or several times since late Tertiary. There are
some evidences of a middle and late Tertiary dispersal of southern African
karooid elements before the Quaternary (e.g. Osella et al., 1998; Bellstedt et al.
2007) which could represent vicariant relicts of an ancient continuous biome
extending throughout Africa when the ecological conditions of Sahara were very
different than the present, and more or less continuous vegetation of savannah
and sclerophyll thorn scrub existed in most of the Saharan region until the late
Pliocene. As discussed by several authors (McGuire and Kron, 2005, and cita-
tions herein), the most reliable opportunity for large-scale range expansions into
or from Africa most recently occurred during the mid-Miocene (about 17 MYA),
when a land connection formed between Europe and Africa after the closure of
the Tethys Sea. This phenomenon allowed later several of the involved taxa to
radiate in their secondary distribution areas (in both southern Africa and
Mediterranean) during the last few MYs (McGuire and Kron, 2005; Audisio et
al., 2008). On the other hand, the dispersal of Mediterranean elements from
North to South is supported by the evidence, both floristic and faunistic, that
Saharo-Mediterranean vegetation existed along the coasts of eastern and south-
ern Africa during the dry periods of late Tertiary and Quaternary, as demon-
strated by fossil pollens and relict taxa (e.g. de Winter, 1971; Axelrod and Raven,
1978; van Zinderen Bakker, 1978; Ozenda, 1983; Werger, 1983; White, 1983;
Bologna, 1990; Quezel and Barbero, 1993; Coetzee, 1993; Jiirgens, 1997;
McGuire and Kron, 2005). Audisio et al. (2008) e.g., suggested the occurrence
of several heterochronic phenomena of large-scale range expansion in African
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groups of Meligethinae (pollen beetles of the family Nitidulidae) towards the
Mediterranean and southern Palaearctic areas during the last 20-25 MYs, asso-
ciated with larval host shifts and with large-scale northwards and southwards
range expansion of their herbaceous host-plants (Bshle et al., 1996)

REFERENCES

ALONSO ZARAZAGA M.A. 1990 - Revision of the supraspecific taxa in the Palaearctic Apionidae Schénherr, 1823
(Coleoptera, Curculionoidea). 2. Subfamily Apioninae Schoenherr, 1823: Introduction, keys and descriprions.
Graellsia, 46: 19-156.

AMAT F., BaraTA C., HONTORIA F. 1995 - A mediterranean origin for the Veldrif (South Africa) Artemia leach
population. J. Biogeogr., 22: 49-55.

AUDISIO P. 1993 - Coleoptera Nitidulidae-Kateretidae. Fauna d'Tralia, XXXII. Calderini, Bologna.

Aupisio P., DE Biase A., KIRk-SpriGGS A.H., CLINE A.R., TRIZZINO M., ANTONINI G., MANCINI E. 2008 - Molecular
biogeography of Mediterranean and southern African disjunctions as exemplified by pollen beetles of the Meligethes
planiusculus species-group and related taxa (Coleoptera: Nitidulidae; Meligethinae). Biogeographia, 29: 45-65.
AXELROD DL, RAVEN P.H. 1978 - Late Cretaceous and Tertiary vegetation history of Africa. In: Werger M.J. (ed.),
Biogeography and Ecology of Southern Africa. Junk, The Hague: 77-130.

BASILEWSKY P. 1963 - Révision des Promecognathinae d’Afrique (Coleoptera, Carabidae). Ann. Transvaal Mus., 24:
305-319.

BELLSTEDT D.U., VAN ZvL L., MaRaIs E.M., ByTesiER B.L.G., DE VILLIERS C.A., DREYER L.L., MAKWARELA A.M.
2007 - Evidence of repeated migrations through the African arid corridor as revealed by a molecular phylogeny of
southern African members of the genus Zygophyllum. S. Afr. ]. Bot., 73: 278-279.

BERRA T. M. 2001 - Freshwater fish distribution. Academic Press, San Diego.

Byu S.D., BossuyT F. 2003 - New frog family from India reveals an ancient biogeographical link with the Seychelles.
Nature, 425: 711-714.

Bionp1 M. 2001 - Revision of the species of Chaetocnema from Madagascar (Coleoptera: Chrysomelidae: Alticinae).
Eur. J. Entomol., 98: 233-248.

BionDr M., D’ALESSANDRO P. 2006 - Biogeographical analysis of the flea beetle genus Chaetocnema Stephens in the
Afrotropical region (Coleoptera Chrysomelidae): distribution patterns and areas of endemism. J. Biogeogr., 33: 720-730.
BionDr M., D’ALESSANDRO P. 2008a - Taxonomical revision of the Longitarsus capensis species-group: an example of
Mediterranean-southern African disjunce distributions (Coleoptera: Chrysomelidae). Eur. J. Entomol., 105: 719-736.
BionDI M., D’ALESSANDRO P. 2008b - Mediterranean-southern African disjunct distribution and flea beetles: the
example of the “black species” of Longitarsus associated with Boraginaceae (Coleoptera, Chrysomelidae, Alticinae).
Biogeographia, 29: 99-116. '

BOHLE U.R., HILGER H.H., MARTIN W.F. 1996 - Island colonization and evolution of the insular woody habit in
Echium (Boraginaceae). Proc. Nat. Acad. Sci., 93: 11740-11745.

BOLOGNA M.A. 1990 - Faunistica e zoogeografia dei Meloidae (Coleoptera) della Somalia. Biogeographia, (n.s.) 14:
293-401.

BoLoGNA M.A. 1991 - Coleoptera Meloidae. Fauna d'Ttalia, XXVIII. Calderini, Bologna.

Borogna MLA., PINTO ].D. 2002 - The Old World genera of Meloidae (Coleoptera): a key and synopsis. J. Nat. Hist.,
36: 2013-2102.

BoLoGNa MLA., D1 GruLio A., Prrzauis M., 2008 - Examples of disjunct distributions berween Mediterranean and
southern or eastern Africa in Meloidae (Coleoptera, Tenebrionoidea). Biogeographia, 29: 81-98.

BOUSQUET Y., SMETANA A. 1986 - A description of the first instar larva of Promecognathus Chaudoir (Coleoprera:
Carabidae). Syst. Entomol., 11: 25-31.

BRAMWELL D. 1976 - The endemic flora of the Canary Islands; distribution, relationships and phytogeography. In:
Kunkel G. (ed.), Biogeography and Ecology of the Canary Islands. Junk, The Hague: 207-240.

BRIGGS J.C. 1974 - Marine Zoogeography. McGraw-Hill Book Company. New York.

BrownN J.H., LoMOLINO M.V. 1998 - Biogeography. Sinauer Associates, Sunderland.

CACCONE A., MiLinkoviTCH M.C., SBORDONI V., POWELL J.R. 1994 - Molecular biogeography: using the Corsica-
Sardinia microplate disjunction to calibrate mitochondrial rDNA evolutionary rates in mountain newts (Euproctus). J.
Evol. Biol., 7: 227-245.

CACCONE A., MILINKOVITCH M.C., SBORDONI V., POWELL J.R. 1997 - Mitochondrial DNA rates and biogeography
in European newts (Genus Euproctus). Syst. Biol., 46: 126-144.

14



CARPANETO G.M., MIGNANI R., PIATTELLA E., 1993 - A Revision of the Afro-Indian genus Bolboceratops. J. Afr.
Zool., 107: 329-353.

CaSALE A., RiBERA 1. 2008 - Are Molopina of the Euro-Mediterranean region related to the Madagascan, South
African and Australian Prerostichini? (Coleoptera, Carabidae). Biogeographia, 29: 33-44.

CATERINO M.S., CHO S., SPERLING F.A.H. 2000 - The Current State of Insect Molecular Systematics: a Thriving Tower
of Babel. Ann. Rev. Entomol., 45: 1-54.

CHOPARD L. 1938 - La biologie des Orthopteres. Encycl. Ent., (A) 20: 1-541.

COETZEE ].A. 1993 - African flora since the terminal Jurassic. In: Goldblatt, P. (ed.), Biological Relatioships between
Africa and South America. Yale Univ. Press, New Haven, CT: 37-61.

COLONNELLI E. 1984 - Notes sur quelques Ceutorhynchinae de I'Afrique tropicale (Coleoptera, Curculionidae).
Ann. Hist.-Nat. Mus. Natn. Hung., 76: 208-238.

CoLONNELLI E. 1986 - Checklist of Phytobiini of the world, with a key to the genera and description of a new species
from SouthAfrica (Coleoptera, Curculionidae, Ceutothynchinac). Fragm. Entomol., 19: 155-168.

CRAME J.A. 1993 - Bipolar molluscs and their evolutionary implications. ]. Biogeogr., 20: 45-161.

Criscl J.V., KATINAS L., PosaDas P. 2003 - Historical Biogeography: an introduction. Harvard University Press,
Cambridge.

CROIZAT L. 1958 - Panbiogeography. 3 vls., Salland, Deventer.

CROIZAT L. 1962 - Space, time, form: the biological synthesis. Salland, Deventer.

CROIZAT L. 1968 - Introduction raisonnée & la Biogéographie de [ Afrique. Mem. Soc. Broteriana, 20: 7-451.
CUMBERLIDGE N. 1996 - A taxonomic revision of fresh-water crabs (Brachyura, Potamoidea, Gecarcinucidae) from the
Upper Guinea forest of West Africa. Crustaceana, 69: 681-695.

DarLING K.F., WADE C.M., STEWART [.A., KroON D., DINGLE R., BROWN A.].L. 2000 - Molecular evidence for
genetic mixing of Arctic and Antarctic subpolar populations of plankronic foraminifers. Nature, 405: 43-45.
DARLINGTON P.J. JR. 1957 - Zoogeography: the geographical distribution of animals. ]. Wiley & Sons, New York.
DARWIN C. 1859 - On the origin of species by means of natural selection, or the preservation of favoured races in the
struggle for life. Murray, London.

DEMANGE ].-M. 1961 - Matériaux pour servir & une révision des Harpagophoridae (Myriapodes, Diplopodes). Mém.
Mus. Nat. Hist. Nat., (A) 24: 1-274.

DE WINTER B. 1971. Floristic relationships between the northern and southern arid areas of Africa. Mitt. Bot.
Staatssam. Miinchen, 10: 424-37.

FELSENSTEIN J. 2004 - Inferring Phylogenies. Sinauer Associates, Sunderland.

FRYXELL P. A. 1967 - The interpretation of disjunct distributions. Taxon, 16: 316-324.

HEDBERG Q. 1965 - Afroalpine flora elements. Webbia, 19: 519-529.

HERSHKOVITZ M.A., ZIMMER E.A. 2000 - Ribosomal DNA evidence and disjunctions of Western American
Portulacaceae. Mol. Phyl. Evol., 15: 419-439.

HorrmaN R. L., BURKHALTER E.A. 1978 - Studies on spirostreptoid millipeds. XIV. A new species of Gonaplectus
from Thailand, with notes on the status and distribution of the genus (Spirostreptida: Harpagophoridae). J. Nat.
Hist., 12: 413-422.

HumprHRIES C.J. , PARENTI L. R. 1999 - Cladistic Biogeography (second edition). Oxford University Press, Oxford.
HumpHRIES C.J., LADIGES P.Y., RoOs M., ZANDEE M. 1988 - Cladistic biogeography. In: Myers A.A., Giller P.S. (eds.),
Analytical Biogeography. Chapman & Hall, London, New York: 371-404.

IHLENFELDT H.-D. 1994 - Diversification in an arid world: The Mesembryanthemaceae. Ann. Rev. Ecol. Syst., 25:
521-46.

JaBLONSKI D., SEPKOSKI J. J. 1996 - Paleabiology, community ecology, and scales of ecological pattern. Ecology, 77:
1367-1378.

JEANNEL R. 1942 - La Gengse des Faunes Terrestres. Eléments de Biogéographie. Presses Universitaires de France, Paris.
JEANNEL R.1957 - Révision des petits scaritides endogés voisins de Reicheia Saulcy. Rev. Frang. Ent., 24: 129-212.
JURGENS N. 1997 - Floristic biodiversity and history of African arid regions. Biodiv. Conserv., 6: 495-514.
KIREJTSHUK A.G., AUDISIO P. 1995 - Preliminary revision of South African Meligethes subgenus Lariopsis (Coleoptera:
Nitidulidae, Meligethinae). Fragm. Entomol., 27: 191-254.

KosucH ]., VENCES M., DuBois A., OHLER A., BOHME W. 2001 - Out of Asia: Mitochondrial DNA evidence for an
Oriental origin of Tiger Frogs, genus Hoplobatrachus. Mol. Phyl. Evol, 21: 398-407.

La GrReca M. 1970 - Considérations sur le peuplement animal terrestre de PAfrique. C.R. Soc. Biogéogr., 409: 5-33.
La GRECA M. 1990 - Considerazioni sul popolamento animale dell’Africa Orientale. Biogeographia, (n.s.) 14: 541-578.
LivINGSTONE D.A. 1975 - Late Quaternary climatic change in Africa. Ann. Rev. Ecol. System., 6: 249-280.
LoaDER S.P., GOweR D.J., HoweLL K.M., DOGGART N., RODEL M.O., Crarxe B.T., DE Sa” R.O., Conen B.L.,
WILKINSON M. 2004 - Phylogenetic relationships of African microhylid frogs inferred from DNA sequences of
mitochondrial 125 and 16S rRNA genes. ODE, 4:227-235.

15



Louw S. 1986 - Revision of the Microcerinae (Coleoptera: Curculionidae) with an analysis of their Phylogeny and
Zoogeography. Mem. Nat. Mus. Bloemfontein, 21: 1-331.

Louw §. 1993 - Systematics of Urodontidae (Coleoptera: Curculionoidea) of Southern Africa. Ent. Mem. Dep. Agr.
South Africa, 87: 1-92.

MaTeu J. 2002 - Sur un genre nouveau et une espéce cavernicole inédite appartenant 3 une nouvelle sous-famille de
Coléopteres Carabiques Promecognathidae. Rev. Frang. Entomol,, (n.s.) 24: 67.

MAaTEU J., BELLES X. 2003 - Position systématique et remarques biogéographiques sur Dalyat mirabilis Mateu, 2002
(Coleoptera: Adephaga: Promecognathidae), cavernicole du sud-est Ibérique. Ann. Soc. Entomol. Fr., (n. s.) 39: 291-303.
McCarTHY D. 2003- The Trans-Pacific zipper effect: disjunt sister taxa and matching geological outlines that link the
Pacific margins. J. Biogeogr., 30: 1545-1561.

McDiarmip RW., CameseLL J.A., Toure T.A., 1999 - Snake species of the World: a taxonomic and geographic
reference, vol. 1. Washington, D.C., USA Herpetologists” League.

McGUIRE A.F., KrON K. 2005 - Phylogenetic relationships of European and African Ericas. Int. J. Plant Sci,, 166: 311-318.
MONGE-NAJERA J. 1995 - Phylogeny, biogeography and reproductive trends in the Onychophora. Zool. J. Linn. Soc.,
114: 21-60.

Moreau R.E. 1952 - Africa since the Mesozoic: with particular reference to certain biological problems. Proc. Zool.
Soc. Londen, 121: 869-913.

MorgAU R.E. 1963 - Vicissitudes of the African biomes in the late Pleistocene. Proc. Zool. Soc. London, 141: 395-421.
MORRONE J.J. 2002 - Biogeographical regions under track and cladistic scrutiny. J. Biogeogr., 29: 149-152.
MORRONE J.J. Crisct .V. 1995 - Historical biogeography: introduction to methods. Ann. Rev. Ecol. System., 26: 373-401.
Murery W.J.,, CoLLER G.E. 1997 - A molecular phylogeny for aplocheiloid fishes (Atherinomorpha,
Cyprinodontiformes): The role of vicarfance and the origins of annualism. Mol. Biol. Evol., 14: 790-799.

Murray A.M. 2001 - The fossil record and biogeography of the Cichlidae (Actinopterygii: Labroidei). Biol. J. Linn.
Soc., 74: 517-532.

NELSON G., PraTnick NI 1981 - Systematics and biogeography: Cladistics and Vicariance. Columbus Univ. Press,
New York.

OBERPRIELER R. 1988 - Revision of the Tanyrhynchini of continental Africa (Coleoptera: Curculionidae). I. Entom.
Mem., Depart. Agric. Water Supply, 71: 1-50.

OLIvVERIO M., BoLoGNA MLA., MARIOTTINI P. 2000 - Molecular biogeography of the Mediterranean lizards Podarcis
Wagler, 1830 and Teira Gray, 1838 (Reptilia, Lacertidae). J. Biogeogr., 27: 1403-1420.

OMODEO P. 1963 - Distribution of the terricolous oligochaetes on the two shores of the Atlantic. In: Léve A., Léve D.
(eds.), North Atlantic biota and their history Pergamon, Oxford: 127-151.

OMODEO P. 2000 - Evolution and biogeography of megadriles (Annelida, Clitellata). Ital. J. Zool, 67: 179-201.
OOSTERBROEK P., ARNTZEN J.W. 1992 - Area cladograms of Circum-Mediterranean taxa in relation to Mediterranean
palacogeography. J. Biogeogr., 19: 3-20.

OseLLA G., COLONNELLI E., ZurpPA A.M. 1998 - Mediterranean Curculionoidea with Southern African affinities
(Coleoptera). In: Colonnelli E., Louw S., Osella G. {eds.), Taxonomy, ecology and distribution of Curculionoidea
(Coleoptera: Polyphaga). Mus. Reg. Sci. Nat., Torino: 221-265.

OzENDA P. 1983 - Flore du Sahara. Centre National de la Recherche Scientifique, Paris.

PAGE R.D.M. 1994 - Maps between trees and cladistic analysis of relationships among genes, organisms, and areas. Syst.
Biol., 43: 58-77.

PAGE R.D.M.. (ed.} 2003 - Tangled trees. Phylogeny, cospeciation and coevolution. The University of Chicago Press,
Chicago and London.

PEYERIMHOFF P. de 1938 - Physionomie de la faune entomologique (Coléoptéres) au Sahara. La vie dans la Région
désertique nord-tropicale de PAncien Monde. Mém. Soc. Biogéogr., 6: 178-218.

PIERCE RW., TURNER J.T. 1993 - Global biogeography of marine tintinnids. Mar. Ecol. Progr. Ser., 94: 11-26.
PouGH F.H., ANDREWS R M., CADLE J.E., CRuMP M.L., SAvVITZKY A.H. & WELLS K.D. 1998. Herpetology. New
Jersey, Prentice-Hall.

PRUSER F., MOssAkowsKl D. 1998 - Conflicts in phylogenetic relationships and dispersal history of the supertribe
Carabirae (Coleoptera: Carabidae). In: Ball G. E., Casale A., Vigna Taglianti A. (eds.), Phylogeny and classification of
Caraboidea. Mus. Reg. Sci. Nat., Torino: 297-328.

QUEZEL P., BARBERO M. 1993 - Variations climatiques au Sahara et en Afrique depuis le Pliocene: enseignements de la
flore et de la végération actuelles. Bull. Ecol., 24: 191-202.

RAVEN P.H. 1973 - The evolution of Mediterranean floras. In: Castri F., Mooney H.A. (eds.), Mediterranean type
ecosystems: origin and structure. Springer, New York: 213-224.

RIBERA L, BLASCO-ZUMETA J. 1998 - Biogeographical links between steppe insects in the Monegros region (Aragdn,
NE Spain), the eastern Mediterranean, and central Asia. J. Biogeogr., 25: 969-986.

RIBERA 1., MATEU J., BELLES X. 2005 - Phylogenetic relationships of Dafyat mirabilis Mateu, 2002, with a revised
molecular phylogeny of ground beetles (Coleoptera, Carabidae). ]. Zool. Syst. Evol. Res., 43: 284-296.

16



RonquisT F. 1998 - Phylogenetic approaches in coevolution and biogeography. Zool. Scripta, 26: 313-322.
SANMARTIN 1. 2003 - Dispersal vs. vicariance in the Mediterranean: historical biogeography of the Palearctic
Pachydeminae (Coleoprera, Scarabaeoidea). ]. Biogeogr., 30: 1883-1897.

SANMARTIN L., ENGHOFF H., RONQUIST F. 2001 - Patterns of animal dispersal, vicariance and diversification in the
Holoarctic. Biol. J. Linn. Soc., 73: 345-390.

SisLEY C. G., AHLQUIST J.E. 1990 - Phylogeny and classification of birds: a study in molecular evolution. Yale
Univessity Press, New Haven and London.

Sims R.W. 1980 - A Classification and the distribution of earthworms, suborder Lumbricina (Haplotaxida:
Oligochaeta). Bull. Brit. Mus. (Nart. Hist.) Zoology, 39: 103-124.

SPARKS ].S. 2004 - Molecular phylogeny and biogeography of the Malagasy and South Asian cichlids (Teleostei:
Perciformes:Cichlidae). Mol. Phyl. Evol., 30: 599-614.

SPARKS J. S., SMITH W.L. 2004 - Phylogeny and biogeography of cichlid fishes (Teleostei: Perciformes: Cichlidae).
Cladistics, 20: 501-517.

Tan S.H., PETER K.L. 1997 - Decapods of the Maliau Basin, Sabah, Malaysia, with description of a new species of
Thelphusula (Brachyura: Gecarcinucidae). J. Crust. Biol., 17: 555-561.

UvaRrov B.P. 1938 - Ecological and biogeographical relations of the Eremian Acrididae. Mém. Soc. Biogéogr., 6:
231-273.

Van OreeN M.JH., OLsiN J.L., STam W.T., HOEk C, VAN DEN WIENCKE C. 1993 - Arctic-Antarctic disjunctions
in the benthic seaweeds Acrosiphonia arcta (Chlorophyta) and Desmarestia viridis/willii (Phacophyta) are of recent
origin. Mar. Biol., 115: 381-386.

VAN ZINDEREN BAKKER E.M. 1978 - Quaternary vegetation changes in Southern Africa. In: Werger M. J. (ed.),
Biogeography and Ecology of Southern Africa. Junk, The Hague: 131-143.

VERME] G.J. 1992 - Trans-equatorial connections between biotas in the temperate Atlantic. Mar. Biol., 112: 343-348,
VoN DoHnLEN C.D., Kurosu U., Aokt S. 2002 - Phylogenetics and Evolution of the eastern Asian-eastern North
American disjunce aphid tribe, Hormaphidini (Hemiptera: Aphididae). Mol. Phyl.. Evol., 23: 257-267.

WEIDNER H. 1941 - Die Heterodinae des Hamburgischen Zoologischen Museum und Insticut. Zool. Anz., 134: 263-295.
WEN J. 1999 - Evolution of eastern Asian and eastern North American disjunct distributions in flowering plants.
Ann. Rev. Ecol. Syst., 30: 21-455.

WERGER M.]. 1983 - Vegeration geographical patterns as a key to the past, with emphasis on dry vegetation types of
South Africa. Bothalia, 14: 405-410.

WriITE F. 1983 - The vegetation of Africa. Unesco, Paris.

WiLLIAMSON P.G. 1985 - Evidence for an early Plio-Pleistocene rainforest expansion in East Africa. Nature, 315:
487-489.

WiLkiNsON M., SHEPs J.A., OOMMEN O.V., COHEN B.L. 2002 - Phylogenetic relationships of Indian caecilians
(Amphibja: Gymnophiona) inferred from mitochondrial tRNA gene sequences. Mol. Phyl. Evol., 23: 401-407.
WIiLsON D.E., REEDER D.M. (eds.) 2005 - Mammal Species of the World: A Taxonomic and Geographic Reference.
Third Edition. The Johns Hopkins University Press, Baltimore.

17



