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During the period 1965-1985, Professor Carlos Almaça produced 
a great amount of data on the Barbus group. From the end of the eighties, 
he joined a European consortium ("Barbus Roundtables") which aimed 
at developing methods and concepts, gathering numerous specialists 
from different fields like systematics and genetics, around Europe. At 
present, we may consider that the structure of Barbus sensu lato (s.l.) 
is relatively well known, even if some new results are still pending 
and other studies still needed. Barbus s.l. which was first defined on 
the trivial character of the presence of barbels around the mouth, has 
proved to include diploid, tetraploid and hexaploid lineages, themselves 
polyphyletic, which explains the difficulty to establish a comprehensive 
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taxonomy. The numerous contributions published since 1990, based 
on karyology and molecular markers gave us a clear view of the main 
attributes of the evolutionary history of this complex group. First, 
according to taxonomy rules, the "true Barbus" (Barbus sensu stricto) are 
composed of tetraploid species distributed around the Mediterranean, 
including Danubian and Mesopotamian (Tigris and Euphrates) regions. 
They are composed of a north Mediterranean lineage (Barbus subgenus) 
and a south Mediterranean lineage (Luciobarbus subgenus). Other 
tetraploid Barbus s.l. are known in South Africa. Barbus s.l. includes also 
diploid and hexaploid lineages. Diploids are widespread and diversified, 
comprising Asian (mainly south-east Asia) and African species. The 
phylogenetic relationships between diploid and polyploid species need 
yet to be described. Hexaploid Barbus s.l. probably appeared after 
hybridization between tetraploid species (as evidenced for the genus 
Capoeta). A clear and homogeneous hexaploid lineage can be followed 
from Middle East up to South Africa. This rapid African radiation 
constituted the genus Labeobarbus, the "large Barbus", occupying the 
entire continent. The present contribution develops both the known 
structure of this "Chinese puzzle" and the history of its description, 
which is not yet finished.

resumo

Durante os anos de 1965 a 1985, o Professor Carlos Almaça 
produziu uma grande quantidade de dados sobre o grupo Barbus. No 
final dos anos 80, ele aderiu ao consórcio europeu “Barbus Rountables”, 
que tinha por objectivo desenvolver métodos e conceitos, agregando 
vários especialistas de toda a Europa, de diferentes áreas como a 
sistemática e a genética. Presentemente, podemos considerar que a 
estrutura de Barbus sensu lato (s.l.) é relativamente bem conhecida, 
apesar de alguns novos resultados ainda carecerem de confirmação e  de 
estudos adicionais serem necessários. Barbus s.l. foi definido tendo por 
base um caracter trivial, a presença de barbilhos, tendo-se verificado 
que inclui linhagens diplóides, tetraplóides e hexaplóides, sendo estas 
polifiléticas, o que explica a dificuldade em estabelecer uma taxonomia. 
As numerosas contribuições publicadas desde 1990, baseadas em 
marcadores cariológicos e moleculares, permitem-nos ter um panorama 
claro da história evolutiva deste grupo complexo. Em primeiro lugar, e 
de acordo com as regras de taxonomia, os “verdadeiros Barbus” (Barbus 
sensu stricto) incluem espécies tetraplóides, com distribuição ao redor do 
Meditarrêneo, incluindo as regiões do Danúbio e da Mesopotânia (Tigre 
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If biology is a description of the living world and an attempt to 
understand its functioning, if we can think that in a remote future, all 
this living reality will be described (and hopefully before it disappears), 
the way that scientists will achieve this aim depends on women and men, 
their history, their skills, their relationships, their personality, their taste, 
their intuition...

Around the year 1980, I was a 30 years old scientist, and had to spend 
two years in Morocco, with an employment but no money for scientific 
research. I was a recent PhD specialized in fish parasitology, on protozoan 
in particular. I was unofficially welcomed in the Institut Scientifique de 
Rabat, which provided me with a bench place and a binocular. In this 
environment, the only way to obtain fish for free was to catch it, and the 
only way to fish it, was with a fishing-rod.

I spent my weekends fishing several Moroccan rivers with bread on 
my hook, and catching, beyond water turtles, the only abundant kind of 
fish in these warm-water rivers: barbels.

Asking my local colleagues to what species belonged these fish, I was 
told that barbels constituted a "Chinese puzzle" (as Myers said in 1960) 

Foreword

e Eufrates). Eles incluem a linhagem do norte do Mediterrâneo (género 
Barbus) e uma linhagem do sul do Mediterrâneo (género Luciobarbus). 
Existem Barbus s.l. tetraplóides na África do Sul. Os Barbus s.l. diplóides 
têm uma vasta distribuição e são muito diversificados, incluindo espécies 
asiáticas (em especial do sudoeste asiático) e africanas. As relações 
filogenéticas entre as espécies diplóides e poliplóides ainda estão por 
descrever. Pensa-se que os Barbus s.l. hexaplóides terão aparecido por 
hibridação entre espécies tetraplóides (conforme evidenciado para o 
género Capoeta). Uma rápida homogenização da linhagem hexaplóide 
pode ser observada do Médio Oriente para a África do Sul. Esta rápida 
radiação africana constitui o género Labeobarbus, os “grandes Barbus”, 
que se distribuem por todo o continente. A presente contribuição 
procurar desenvolver a estrutura deste “puzzle Chinês” e a história da 
sua descrição, a qual ainda não está fechada.
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and that I would better work on other parasite hosts. But I was also told 
that the only specialist on these fish was a professor in Lisbon, Carlos 
Almaça.

I sent twenty specimens in formalin to Lisbon, sure to be ignored by 
this renowned professor who should have so many other more interesting 
things to do. But in a relatively short time, if we consider the delay for 
the parcel to go and for the letter to come back, I received one of the first 
expression of international fraternity among scientists: a clear answer letter 
of Carlos, suggesting the presence of three species, determined individual 
by individual. These specimens are probably still in the collection of the 
Museu Bocage. 

Our epistolary exchanges never totally ended. This is important for 
me because it demonstrated how senior scientists help young ones and 
give them the possibility to begin a great research. This exchange is at the 
origin of all my interest in barbels and of the development of researches 
and meetings (the Barbus Roundtables) during the following twenty 
years. This article is an attempt to describe the richness of the scientific 
discoveries Carlos helped to initiate in 1980, together with Ignacio 
Doadrio from 1987. This adventure was shared by several PhD students 
and post-doctoral scientists: Annie Machordom (1987-1990), Salwa El 
Gharbi (1989-1994), Laurent Crespin (1992-1996), Anne Chenuil (1994-
1996), Costas S. Tsigenopoulos (1996-1999) and Petr Kotlík (1997-2001), 
together with several Master students.

                                                                                                P.B.

Before the nineties, the genus Barbus sensu lato (s.l.) has been attributed 
to all species of Barbinae showing two pairs of barbels (while some have a 
single pair as a secondary character state). This wide definition has been long 
maintained because over centuries, very little has been done to be more precise, 
most concepts based on morphology being disappointing, probably because of 
homoplasy and convergence. Morphological characters, however, do not allow 
these species to be classified into proper and systematically well defined genera 

GENERAL ORGANISATION OF THE GENUS BARBUS SENSU LATO
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Diploid lineages: a world still to describe

This polyphyletic lineage is widespread, complex, and includes "small 
Barbus" in Africa and Puntius in Asia, and it is still insufficiently analysed even 
in its cradle, which is thought to be in Asia. Tsigenopoulos et al. (2002b) first 
analysed together Asian and African diploid forms, using mtDNA sequences. 
They did not lead support to the general opinion that African small Barbus 
are close to Asian Puntius species (formerly considered as “Barbus”) due to 
karyological studies (Golubtsov & Krysanov, 1993; Ráb & Collares-Pereira, 
1995; Ráb et al., 1995; Tsigenopoulos et al., 2002b). Being at the basis of all 
polyploid Barbus s.l., the diploid “Barbus” present numerous independent clades 
all around Asia and Africa. A taxonomic and phylogeographic effort needs to 
be developed for the understanding of this difficult polyphyletic assemblage. 

(Howes, 1987, 1991; Banarescu, 1992; Berrebi et al., 1996).
Most of the studies concerning this group were limited to species 

listings and during the sixties, understanding any phylogenetic structure was 
considered as nearly impossible (Myers, 1960). Disentangling this monstrous 
assemblage would require reconstructing the phylogeny of the entire family 
comprising 210 genera and more than 2000 species (Liu & Chen, 2003). 

The first real progress arrived through karyology (Ráb, 1981; Collares-
Pereira & Madeira, 1990; Oellermann & Skelton, 1990), followed by molecular 
genetics using allozymes (Machordom, 1990; Machordom et al., 1995; El 
Gharbi, 1994), then mtDNA sequences (Tsigenopoulos, 1999; Kotlík, 2001). In 
summary, three ploidy levels were recorded: diploid (about 50 chromosomes), 
tetraploid (about 100 chromosomes), and hexaploid (about 150 chromosomes) 
(Agnèse et al., 1990; Berrebi et al., 1990, 1996; Oellerman & Skelton, 1990; 
Golubtsov & Krysanov, 1993; Guégan et al., 1995; Ráb et al., 1995; Naran, 1997). 
In fact, these polyploidization events seem to have occurred several times (at 
least four) in the evolution of the group, leading to the different evolutionary 
lineages that were assembled in Barbus s.l. (Machordom & Doadrio, 2001a; 
Tsigenopoulos et al., 2002b). The tree diagrammed in Fig. 1 is a compilation 
based on analyses of molecular data (Zardoya & Doadrio, 1999; Tsigenopoulos 
& Berrebi, 2000; Machordom & Doadrio, 2001a,b; Doadrio et al., 2002; Kotlík 
& Berrebi, 2002; Tsigenopoulos et al., 2002b; Berrebi & Tsigenopoulos, 2003; 
Tsigenopoulos et al., 2003; Kotlík et al., 2004; Swartz et al., 2009; Marková et 
al., 2010; Levin et al., 2012).
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Fig. 1 - Phylogeny of barbels. The topology is a compilation from published 
trees inferred from molecular data (see text for the references) and shows the 
relationships of the Palaearctic ‘true Barbus’ (Barbus sensu stricto) relative to 
the predominantly African diploid (2n), tetraploid (4n) and hexaploid (6n) 
barbels (Barbus sensu lato).
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Tetraploid lineages: several genera and sub-genera well established

Tetraploid cyprinids are reported in the genera Cyprinus, Carassius, 
Aulopyge, Tor and Schizothorax (not all species), Barbus s.l. and probably 
several other genera not yet karyotyped. Among the Barbus s.l. lineages, 
tetraploidy has been evidenced in the “true Barbus” (Berrebi & Tsigenopoulos, 
2003), which are the main target of this review (see below). This lineage is 
widespread in peri-Mediterranean region with extensions to Central and 
Northern Europe (mainly B. barbus) and Western Asia (Black and Caspian 
Seas tributaries). Tetraploidy is also found in South Africa: the Pseudobarbus 
spp. (called “red fins”, Skelton, 1980) and the “sawfin” composed of Barbus 
s.l. serra, andrewi, erubescens, calidus, trevelyani and some others. All these 
lineages show around 100 chromosomes (Collares-Pereira, 1994). Barbels, 
red fins and sawfins are thought to stem from independent tetraploidization 
events (Tsigenopoulos et al., 2002b). Most probably, these transformations 
followed hybridization (allopolyploidy, Chenuil et al., 1999). Hybridization 
occurs frequently in cyprinids but a modification of the chromosome number 
seems rare, or at least rarely conserved in evolution. These polyploidizations, 
when exceptionally conserved, are the starter of new ecological capacities for 
the new lineage as observed in tetraploid true Barbus (larger size than diploid 
ones, peri-Mediterranean radiation), hexaploid Labeobarbus (fast invasion of 
Africa and radiation, large size) and hexaploidy of genus Capoeta (rapid and 
abundant local speciations).

The entire subfamily Cyprininae including Barbinae (sensu Howes, 1991) 
or Cyprininae and Barbinae (sensu Chen et al., 1984 and Cavender & Coburn, 
1992) should be analysed together with lineages which have never been called 
Barbus but are putative relatives, like Tor or Barbodes.

Hexaploid lineages: most is known, among them the genera 
Labeobarbus and Capoeta

These lineages are relatively well studied, thanks to the syntheses of 
Tsigenopoulos et al. (2010) and Levin et al. (2012). The first lineage is placed 
in the new genus Labeobarbus (Golubtsov & Krysanov, 1993; Berrebi et al., 
1996) and is clearly centred in Africa where it radiated after its arrival around  
7 million years ago (Mya) in the Late Miocene (Tsigenopoulos et al., 2010),  
forming what is called “large Barbus” all around Africa and “yellowfish” in 



36

Patrick Berrebi et al.

THE TRUE BARBUS

This lineage is generally called “true Barbus” because the type species of the 
genus is Barbus barbus. The true Barbus are exclusively tetraploid species (100 
chromosomes with very few variation) distributed around the Mediterranean, 
mainly in Europe and North Africa, but also in Middle East (Berrebi, 1995). 
In fact, they may be called “Mediterranean true Barbus”, even though some of 
them live in Danubian central Europe and in drainages of the Baltic Sea and 
North Sea, and some others live in the Tigris-Euphrates system, that flows to 
the Indian Ocean. The most eastern representatives are distributed around the 
Black and Caspian Seas (e.g. B. circaucasicus and B. tauricus) (Kotlík et al., 
2004). The true Barbus probably have a close Asian origin but their radiation 
developed around the Mediterranean (Berrebi & Tsigenopoulos, 2003). 

The ecological conditions of the north and the south of the Mediterranean 
had probably never been similar, each zone allowing the isolation and the 
differentiation of distinct genera: Barbus at the north, Luciobarbus at the south 
in Middle East, North Africa and Iberian Peninsula. Both lineages belong to 
the true Barbus. 

South Africa. The western Asian origin of the genus Labeobarbus is evidenced 
by Middle East affinities with Labeobarbus species like L. canis, kosswigi and 
longiceps. 

Several species formerly considered as belonging to the genus Varicorhinus 
are in fact Labeobarbus species: V. beso in Ethiopia (Berrebi & Valiushok, 1998), 
V. maroccanus and V. issenensis in Morocco (Almaça, 1970), and V. capoeta in 
Armenia (Krysanov, 1999).

The second clearly identified hexaploid lineage constitutes the genus 
Capoeta, nested within the Luciobarbus lineage, i.e. stemming from true 
Barbus ancestors (Berrebi & Tsigenopoulos, 2003; Tsigenopoulos et al., 2010; 
Levin et al., 2012), probably in Middle East. This hexaploidization permitted 
a local radiation with more than 20 Capoeta species in Middle East while true 
Barbus are only five to eight species in this region (Turan et al., 2008; Levin 
et al., 2012). It is therefore highly probable that Labeobarbus and Capoeta are 
two genera which appeared after two independent hexaploidizations: the first 
one in East Asia and the second one in Middle East. Capoeta foundation was 
temporally posterior to that of the African Labeobarbus species (Tsigenopoulos 
et al., 2010).
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Several contact zones between the two genera are known:
- the Iberian Peninsula is inhabited by Luciobarbus species with the 

exception of two species belonging to the Barbus genus in Catalonia (B. 
haasi and B. meridionalis). The affinities between north-western African 
and Spanish true Barbus have been suggested by their sibling morphology 
(Pellegrin, 1930; Bertin & Arambourg, 1958; Almaça, 1967, 1971) and 
have been confirmed by molecular surveys (Machordom & Doadrio, 
2001b).

- at the eastern part of the Mediterranean, Greece is occupied by 
barbels of the Barbus genus with the exception of two Luciobarbus 
species: L albanicus and graecus.

- the Caspian Sea hosts at least three Barbus (circaucasicus, cyri and 
goktschaicus) and three Luciobarbus (mursa, brachycephalus and capito).

These distributions show a clear separation of the two genera at the west 
(Pyrenees Mountains) and a fuzzy limit, probably overlapping, at the east.

During the years 1990-2000, European scientists concentrated their 
researches on European barbels. Several dedicated workshops, the “Barbus 
Roundtables”, have been organized in Montpellier (France) in 1989, Liège 
(Belgium) in 1993, Liblice (Czech Republic) in 1995 and Thessaloniki (Greece) 
in 1997. New species have been genetically discovered and some of them 
described (Kotlík et al., 2002; Marková et al., 2010). These researches went 
far beyond systematics and several very interesting biological fields have been 
investigated. Among them, transcontinental phylogeography, polyploidization, 
hybridization, behaviour and ecology.

HYBRIDIZATION WITHIN AND BETWEEN PLOIDY LEVELS

Hybridizations between Barbus species have been reported several times 
in the literature showing the genomic plasticity of these polyploid organisms. It 
is thought that hybridization is at the origin of most polyploidization events in 
this group (Chenuil et al., 1999). Each hybridization has its own characteristics 
and no model is similar to another. Below are presented some of them. 

Hybrid zones are thought to result from the antagonistic action of two 
forces: dispersal, which tends to homogenise the hybridizing taxa and thus 

Hybridization of two Barbus in France
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to yield smooth shallow clines of introgression for diagnostic markers, and 
selection against hybrids, which, in contrast, produces steep clines (Barton & 
Hewitt, 1985, 1989; Barton & Gale, 1993). 

The hybridization between Barbus barbus and Barbus meridionalis 
(Berrebi et al., 1993; Crespin & Berrebi, 1994; Crespin, 1996) constitutes 
one of the rare hybrid zones among freshwater organisms (Rosenthal et al., 
2003, Jones et al., 2006; Hayden et al., 2011). In the Lergue River hybrid 
zone, most hybrids are actually recombined genotypes with few genotypes of 
first generation (F1; see Berrebi et al., 1993; Crespin, 1996). Several clines of 
different markers (allozymes and microsatellites) have been described in this 
hybrid zone (Chenuil et al., 2004), extending from the mountainous habitat 
of B. meridionalis, that B. barbus cannot reach because of its size, to the plain 
habitat where both B. barbus and B. meridionalis can coexist (Berrebi et al., 
1988). 

Two lines of evidence have suggested that selection against hybrids plays 
a major role in the Lergue hybrid zone: (1) breeding experiments have shown 
the partial and asymmetric sterility of some hybrids (Philippart & Berrebi, 
1990) and (2) an investigation of the morphology of the last ray of the dorsal fin 
has revealed abnormal structures only in natural hybrids from the hybrid zone 
(Darius & Berrebi, 1993). The patterns of introgression are also asymmetrical 
(Crespin et al., 1999) and there are marked differences in survival between 
upstream and downstream sites, suggesting an environmental gradient of 
selection along the hybrid zone (Crespin et al., 2002). A combination of capture-
recapture and genetic data from 11 surveys within two years in the center 
of the hybrid zone allowed estimating a distance range for fish movement, 
assuming changes in hybridization index were not due to natural selection on 
adults. Cohesive movements among barbels are strongly suggested to occur 
in relation with river flow variations and the displacement of the center of 
the hybrid zone was estimated to have reached 1500 m during the survey 
(Chenuil et al., 2000), higher flows corresponding to upstream to downstream 
displacements. Individual movements were not reported between stations 
distant of  1.9 km or more, but were relatively numerous at distances of about 
300-400 m (Chenuil et al., 2000). 

These two hybridizing species are not particularly closely related in 
the phylogeny (Fig. 1), and they arrived in southern France about 5 Mya 
for B. meridionalis and much more recently, not earlier than during the last 
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Hybridization of two Barbus in Spain

In the north-east of Spain, in Catalonia, several (more or less) parallel 
streams harbour two barbels belonging to the genus Barbus (and therefore, 
more related to French than to Spanish barbels which belong to the genus 
Luciobarbus). Barbus meridionalis lives in the north Catalan streams, B. haasi 
in the southern ones, and between them, in particular in the Ripoll stream, 
the present adapted form is composed of natural hybrids mostly haasi in 
their mitochondrial composition and meridionalis in their nuclear genes 
(Machordom et al., 1990). 

interglacial, for B. barbus (Persat & Berrebi, 1990; Kotlík & Berrebi, 2001). 
Despite this, behavioural studies have concluded that the maintenance of 
similar reproductive behaviours between the two species has facilitated the 
natural hybridization (Poncin et al., 1994). This original linear tension hybrid 
zone displayed an interesting pattern which, although theory predicts it should 
be observed, has never been reported yet in other hybrid zones: a differential 
introgression at autosomal loci between males and females (Chenuil et al., 
2004). When hybrid males and females are not submitted to the same intensity 
of counter selection, which appears to be the rule for species with chromosomal 
sex determination (Haldane, 1922; Coyne, 1985), clines are expected to display 
different gradients, thus, at any location except at the centre, males and females 
are expected to display different allele frequencies. This increases the selective 
load with respect to general tension zone models since more hybrids are thus 
produced than in the case of panmixia (Chenuil et al., 2004).

The Carpathian barbel, Barbus carpathicus, has only recently been 
recognised as a distinct species, whose distribution is limited to the Western 
and Eastern Carpathians (Kotlík & Berrebi, 2002; Kotlík et al., 2002). Over 
its entire distribution, the Carpathian barbel occurs sympatrically with the 
common barbel Barbus barbus. The existence of hybrids in Slovakia was 
demonstrated in the Poprad River of the Vistula River drainage based on 
protein electrophoresis (Valenta et al., 1979; Stratil et al., 1983), and Šlechtová 
et al. (1993) demonstrated using the same approach the occurrence of the 
hybrids also in the Tisza River system of the Danube River drainage. A more 
recent survey of allozyme loci, a microsatellite locus and mtDNA showed that 

Hybridization of two Barbus in the Carpathians
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In the biogeographic study of the Italian Barbus species, Tsigenopoulos 
et al. (2002a) reported for the Pellice River (tributary of the Po River), where 
B. caninus coexists with B. plebejus, two B. caninus individuals carrying six 
allozyme alleles and mitochondrial DNA (a 664bp fragment of the cytochrome 
b gene) specific for B. plebejus. Each of the allozyme alleles (except that of PGM-
2) was in a heterozygous state with a B. caninus specific allele. These alleles may 
therefore be the result of an introgression and this is supported by the mtDNA 
data, as these two individuals carried the haplotype characteristic of the larger 
B. plebejus. Furthermore, this is probably a relatively recent hybridization given 
the introgression of nuclear alleles in B. caninus population and the fact that 
mitochondrial haplotypes are identical in B. plebejus and the two B. caninus 
individuals from the Pellice River. The extent of sequence divergence among 
B. plebejus and B. caninus (8.7%) possibly indicates that introgression may 

Hybridization of two Barbus in Italy

the species produced viable and fertile hybrids in the Vistula River drainage 
as well as in the Danube River drainage (Lajbner et al., 2009). However, the 
numbers of hybrids were very low, much lower than in sympatric populations 
of B. barbus with B. meridionalis in France, and within the Vistula River 
drainage they occurred in only one of the surveyed localities. That population 
was instead composed mostly of pure individuals of both species. Bayesian 
analyses of the genotypes indicated a high frequency of F1s among the sampled 
hybrids, and some backcrossing with B. barbus but not with B. carpathicus 
(Lajbner et al., 2009). None of the hybrids carried B. carpathicus mtDNA, 
suggesting unidirectional interspecific mating with an exclusive contribution 
of B. barbus mothers. This pattern may be due to size-assortative maiting: males 
of B. carpathicus and F1 males are more likely to enter deeper the spawning 
habitat of B. barbus and find a mate among female B. barbus than vice versa. 
Moreover, if female (the heterogametic sex) hybrids are more affected than 
males by selection on viability and/or fertility as they are in B. barbus and 
B. meridionalis hybrids (Chenuil et al., 2004), it could explain the absence of 
introgression towards B. carpathicus by means of F1 females backcrossing to 
B. carpathicus males (Lajbner et al., 2009). Taken together, the available data 
provide evidence of strong constraints on hybridization of these two species 
and the lack of introgression towards B. carpathicus, despite the geographically 
broad occurrence of the hybrids (e.g. Kux & Weisz, 1958; Rolik, 1967; Krupka 
& Holčík, 1976).
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Hybridization of a tetraploid Barbus and a hexaploid Capoeta in 
Middle East

Firstly, Steinitz and Ben-Tuvia (1957) described a sterile 
hybridization between Luciobarbus longiceps and Capoeta damascina 
in Israel (respectively placed in genera Barbus and Varicorhinus in the 
original publication). Independently, Krupp (1985) suspected B. continii 
to be a hybrid between Labeobarbus canis and Luciobarbus longiceps. B. 
continii was described in Lake Kineret and considered to be close to L canis 
(Vinciguerra, 1926), while Berg (1949) suggested that B. continii should 
be close to Luciobarbus pectoralis. Other authors proposed several other 
hypotheses on these species relationships. Finally, Mir (1988) resolved 
this half century confusion by demonstrating that B. continii is not a 
valid species but a hybrid between Luciobarbus longiceps and Capoeta 
damascina (a hexaploid species of a genus stemming from the Luciobarbus 
lineage). Several authors analysed the physiological development of 
gonads of such a particular intergeneric sterile hybrid, showing that the 
gonad development is stopped at the first meiotic division, far from the 
fertility of species of the same ploidy level (van Vuren & Fishelson, 1990; 
Stoumboudi et al., 1993, 1996; Fishelson et al., 1996).

occur between lineages that were separated for several million years, having 
meanwhile accumulated pronounced morphological differences and come into 
secondary contact, with B. plebejus invading river basins probably previously 
occupied only by B. caninus (see also Tsigenopoulos & Berrebi, 2000).

Polyploidization is a basic and important evolutionary mechanism 
for evolution of entire eukaryote lineages, for their diversification and for 
speciation (Ohno, 1970; Soltis & Soltis, 1999). In fish, the occurrence of this 
phenomenon is rather scarce because of its paucity in vertebrates probably 
due to sex determination mechanisms (Müller, 1925; Basolo, 1994), while 
its role is considered as central in evolution (Hafez, 1981, Dowling & Secor, 
1997; Otto & Whitton, 2000). Polyploidy was recorded in several fish orders: 
Acipenseriformes, Salmoniformes, and in several families of the ostariophysan 
orders Cypriniformes (Cyprinidae, Catostomidae, Cobitidae), Siluriformes 

CONSEQUENCES OF POLYPLOIDIZATION IN BARBUS SENSU LATO
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The genus Barbus s.l. has also been studied as a model to infer 
biogeographic and palaeogeographic patterns. As primary freshwater fish, 
restricted to determinate basins and with limited dispersion capability, barbels 
provided some interesting data about the areas they inhabit. Several studies 
about their phylogenetic or phylogeographical relationships permitted to better 
understand patterns of distribution or past relationships among areas. In this 
way, biogeography of different areas as Balkan, Italian or Iberian peninsulas 
(Economidis & Banarescu, 1991; Karakousis et al., 1995; Machordom et al., 
1995; Callejas & Ochando, 2000; Doadrio et al., 2002; Tsigenopouplos et al., 
2002a), Danubian basin and circum Black Sea (Kotlík & Berrebi, 2001; Kotlík et 
al., 2004), Middle East (Almaça, 1991), North Africa (Machordom et al., 1998) 
or Sahara (Doadrio et al., 1998) was approached proposing different patterns, 
not always concordant. On the other hand, several palaeogeographical changes 
were considered responsible of different speciation events at different levels, 
since late epochs as the Oligocene to the last glaciations (Persat & Berrebi, 
1990; Machordom et al., 1998; Tsigenopoulos et al., 2003; Kotlík et al., 2004; 
Kotlík & Berrebi, 2007), even proposing new association between areas in the 
light of the results. For instance, phylogenetic analyses including barbels from 

BIOGEOGRAPHIC PATTERNS

(Callichthyidae), Poeciliiformes (Poeciliidae) and Atheriniformes (Klinkhard 
et al., 1995; Mable et al., 2011).

Polyploidy in fish is not a reversible process (as it is in most plants). It 
happened in general several million years ago, probably among a majority 
of counter selected polyploidizations, obviously giving the fish lineage a 
new capability for speciation and dispersion when successful. The dynamic 
evolutionary development of groups such as catostomids (Buth, 1983), 
salmonids (Allendorf & Thorgaard, 1984), Barbus (Berrebi et al., 1996), 
large size of African hexaploids barbs (Tsigenopoulos et al., 2010), Lake 
Tana Labeobarbus species flock (Berrebi & Valiushok, 1998) and Capoeta 
explosive speciation in Middle East, where about 20 species appeared by 
hexaploidization of a Luciobarbus tetraploid species (Berrebi & Tsigenopoulos, 
2003; Tsigenopoulos et al., 2010; Levin et al., 2012), should be partly a 
consequence of ancestral polyploidization. It is thought that polyploidy confers 
animals more tolerance to ecological variation because the duplication of their 
genes provides metabolic flexibility similar to a permanent high genomic 
heterozygosity (Uyeno & Smith, 1972; Otto & Whitton, 2000).
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CONCLUSION

It is clear that despite the great amount of data produced the last 20-30 
years for this Barbinae lineage with the description of new species and the 
rejection of others, the discovery of numerous hybridizations and the study 
of the phylogenetic and biogeographic relationships among taxa in the 
three continents, fascinating fields remain to be explored. One of the most 
prominent is the need of a global phylogeny of the group which would allow to 
better understand polyploidy and hybridization phenomena by placing them 
in a chronological context. In order to accomplish this, numerous other genera 
should be involved and, while describing the whole structure of Barbus s.l., there 
is great chance to jointly establish the entire cyprinid family phylogeny. This 
large objective is, by the way, not far, considering the numerous contributions 
recently published and the rhythm that cyprinid studies are published, 
especially by new Asian contributors that are taking the lead. A large part of 
the 320 genera of the family is already involved in these surveys (e.g. Wang et 
al., 2007; Duan et al., 2009; Tang et al., 2009; Yang & Mayden, 2010).

Furthermore, several cases of hybridization may reveal valuable 
information if they will be studied more thoroughly, in particular using 
available molecular markers from the mitochondrial and the nuclear genome 
which appear to be cross-amplifying, in most cases, among tetraploid barbels 
(Chenuil et al., 1997; Esa et al., 2011; Gante et al., 2008, 2011). 

Finally, serious efforts are needed to perform basic morphological work 
according to modern standards. Accurate descriptions of most species are still 
lacking (Berrebi et al., 1996).

Hybridization is thought to be the ignition of new genome organization and 
thus of new dynamic polyploid lineages. The propensy to hybridize, including 
intergeneric crossing, is a general character of cyprinids, but polyploidy may 

the Kabilian mountains (Algeria) and Southern Iberian Peninsula, pointed to a 
longer association during the Cenozoic of these two areas (Betic and Kabilian 
regions) than previously considered (Machordom & Doadrio, 2001b). In the 
same way, problems in the interpretation of some phenomena as the Messinian 
Salinity Crisis, at the end of the Miocene, still persist: was the drought in that 
period responsible for the isolation or connexion among areas? Studies on 
Barbus have largely contributed to a better knowledge of the evolution not only 
of the members of this group, but also of its distribution area, highlighting the 
relevance of the south-western Palaearctic palaeogeographic history.



44

Patrick Berrebi et al.

Acknowledgements

We thank Laurent Crespin for helpful comments on a draft of the 
manuscript.

References

AGNÈSE, J.-F., BERREBI, P., LÉVÊQUE, C., GUÉGAN, J. F. (1990) - Two 
lineages, diploid and tetraploid, demonstrated in African species of Barbus 
(Osteichtyes, Cyprinidae). Aquatic Living Resources, 3: 305-311.

ALLENDORF, F. W., THORGAARD, G. H. (1984) - Tetraploidy and the 
evolution of Salmonid fishes. In: Evolutionary Genetics of Fishes (TURNER, B. 
J. ed.), pp: 1-53. Plenum Press, New York.

ALMAÇA, C. (1967) - Estudo das populaçôes portuguesas do Gén. Barbus 
Cuvier, 1817 (Pisces, Cyprinidae). Revista da Faculdade de Ciências de Lisboa, 
14: 151-400.

ALMAÇA, C. (1970) - Sur un Cyprinidé nord-africain: Barbus issenensis ou 
Varicorhinus issenensis? Bulletin du Muséum d’Histoire Naturelle de Paris, 42: 
159-160.

ALMAÇA, C. (1971) - Sur la spéciation des barbeaux nord-africains. Bulletin 
du Muséum d’Histoire Naturelle de Paris, 42: 853-856.

ALMAÇA, C. (1991) - Evolutionary, biogeographical, and taxonomic remarks 
on Mesopotamian species of Barbus s. s. Arquivos do Museu Bocage Nova Serie, 
2: 63-78.

add more plasticity. Experiments of artificial interspecific crosses may help to 
confirm whether diploid species are less plastic than tetraploid or hexaploid 
ones as suggested by some studies (Otto & Whitton, 2000). The open question 
of to what extent the hybridization and polyploidization events, repeatedly 
demonstrated in cyprinid fish, are independent from each other offers a 
fascinating challenge to  open-minded scientists aiming at crossing different 
exciting scientific fields (e.g. genomics and community ecology).

This short review easily demonstrated the determinant role of some 
visionary scientists in the development of large and multi-field international 
research projects. We are grateful to regretted Professor Carlos Almaça who 
initiated the Barbus project.



45

Evolutionary History of Barbus

BANARESCU, P. (1992) - Distribution and dispersal of freshwater animals in 
North America and Eurasia. Aula-Verlag, Wiesbaden.

BARTON, N. H., GALE, K. S. (1993) - Genetic analysis of hybrid zones. In: 
Hybrid zones and the evolutionary process (HARRISON, R. G. ed.), pp: 13-45. 
Oxford University Press, New York.

BARTON, N. H., HEWITT, G. M. (1985) - Analysis of hybrid zones. Annual 
Review of Ecology and Systematics, 16: 113-148.

BARTON, N. H., HEWITT, G. M. (1989) - Adaptation, speciation and hybrid 
zones. Nature, 341: 497-503.

BASOLO, A. L. (1994) - The dynamics of Fisherian sex-ratio evolution: 
theoretical and experimental investigations. American Naturalist, 144: 473-
490.

BERG, L. S. (1949) - Freshwater fishes of the U.S.S.R. and adjacent countries. 
IPST Press, Jerusalem.

BERREBI, P. (1995) - Speciation of the genus Barbus in the North Mediterranean 
basin: recent advances from biochemical genetics. Biological Conservation, 72: 
237-249.

BERREBI, P., CATTANEO-BERREBI, G., LE BRUN, N. (1993) - Natural 
hybridization of two species of tetraploid barbels: Barbus meridionalis and B. 
barbus (Osteichtyes, Cyprinidae) in southern France. Biological Journal of the 
Linnean Society, 48: 319-333.

BERREBI, P., KOTTELAT, M., SKELTON, P., RÁB, P. (1996) - Systematics of 
Barbus: state of the art and heuristic comments. Folia Zoologica, 45: 5-12.

BERREBI, P., LAMY, G., CATTANEO-BERREBI, G., RENNO, J.-F. (1988) - 
Variabilité génétique de Barbus meridionalis Risso (Cyprinidae): une espèce 
tétraploïde quasi monomorphe. Bulletin Français de Pêche et de Pisciculture, 
310: 77-84.

BERREBI, P., LEVEQUE, C., CATTANEO-BERREBI, G., AGNESE, J.-F., 
GUEGAN, J.-F., MACHORDOM, A. (1990) - Diploid and tetraploid African 
Barbus (Osteichtyes, Cyprinidae): on the coding of differential gene expression. 
Aquatic Living Resources, 3: 313-323.



46

Patrick Berrebi et al.

BERREBI, P., TSIGENOPOULOS, C. (2003) - Phylogenetic organisation of the 
genus Barbus sensu stricto - A synthesis on the molecular markers data. In: 
Freshwater fishes of Europe - Cyprinidae, Vol. 5 II (BANARESCU, P. ed.), pp: 
11-22. Aula-Verlag, Wiebelsheim.

BERREBI, P., VALIUSHOK, D. (1998) - Genetic divergence among 
morphotypes of Lake Tana (Ethiopia) barbs. Biological Journal of the Linnean 
Society, 64: 369-384.

BERTIN, L., ARAMBOURG, C. (1958) - Super-ordre des Téléostéens, 
Teleostei. In: Traité de zoologie Vol. 13(3) (GRASSÉ, P. ed.), pp: 2204-2500. 
Masson et Cie, Paris. 

BUTH, D. G. (1983) - Duplicate isozyme loci in fishes: origins, distribution, 
phyletic consequences and locus nomenclature. In: Isozymes: Current topics in 
biological and medical research Vol. 10 (RATTAZZI, M. C., SCANDALIOS, J. 
G., WHITT, G. S. eds.), pp: 381-400. LISS, A. R. New York.

CALLEJAS, C., OCHANDO, M. D. (2000) - Recent radiation of Iberian barbel 
fish (Teleostei, Cyprinidae) inferred from cytochrome b genes. Journal of 
Heredity, 91: 283-288.

CAVENDER, T.  M., COBURN, M. (1992) - Phylogenetic relationships of North 
American Cyprinidae. In: Systematics, historical ecology, and North American 
freshwater fishes (MAYDEN, R. ed.), pp: 293-327. Stanford University Press, 
Stanford, CA.

CHEN, X. L., YUE, P.  Q., LIN, R. D. (1984) - Major groups within the family 
Cyprinidae and their phylogenetic relationships. Acta Zootaxonomica Sinica, 
9: 424-440.

CHENUIL, A., CRESPIN, L., POUYAUD, L., BERREBI, P. (2000) - Movements 
of adult fish in a hybrid zone revealed by microsatellite genetic analysis and 
capture-recapture data. Freshwater Biology, 43: 121-131.

CHENUIL, A., CRESPIN, L., POUYAUD, L., BERREBI, P. (2004) - Autosomal 
differences between males and females in hybrid zones: a first report from 
Barbus barbus and Barbus meridionalis (Cyprinidae). Heredity, 93: 128-134.

CHENUIL, A., DESMARAIS, E., POUYAUD, L., BERREBI, P. (1997) -. Does 
polyploidy lead to fewer and shorter microsatellites in Barbus (Teleostei: 
Cyprinidae)? Molecular Ecology, 6: 169-178.



47

Evolutionary History of Barbus

CHENUIL, A., GALTIER, N., BERREBI, P. (1999) - A test of the hypothesis of 
an autopolyploid vs. allopolyploid origin for a tetraploid lineage: application to 
the genus Barbus (Cyprinidae). Heredity, 82: 373-380.

COLLARES-PEREIRA, M. J. (1994) - Révision caryologique des barbinés et 
hypothèses concernant la plésiomorphie possible de l’état polyploïde chez les 
cyprinidés. Bulletin Français de Pêche et de Pisciculture, 334: 191-199.

COLLARES-PEREIRA, M. J., MADEIRA, J. M. (1990) - Cytotaxonomic 
studies in Iberian Cyprinids. III. Karyology of Portuguese populations of 
Barbus Cuvier, 1817, with some reconsiderations on the karyological evolution 
of Cyprinidae. Caryologia, 43: 17-26.

COYNE, J.A. (1985) - The genetic basis of Haldane’s rule. Nature, 314: 736-738.

CRESPIN, L. (1996) - Sélection et dispersion dans la zone d’hybridation entre 
Barbus barbus et Barbus meridionalis (Cyprinidae): capture / recapture et 
marqueurs allozymiques. PhD Thesis, Université Montpellier 2, Montpellier, 
France.

CRESPIN, L., BERREBI, P. (1994) - L’hybridation naturelle entre le barbeau 
commun et le barbeau méridional en France. Compte rendu de dix années de 
recherche. Bulletin Français de Pêche et de Pisciculture, 334: 177-189.

CRESPIN, L., BERREBI, P., LEBRETON, J. D. (1999) - Asymmetrical 
introgression in a freshwater fish hybrid zone as revealed by morphological 
index of hybridization. Biological Journal of the Linnean Society, 67: 57-72.

CRESPIN, L., BERREBI, P., LEBRETON, J. D. (2002) - Spatially varying natural 
selection in a fish hybrid zone. Journal of Fish Biology, 61: 696-711.

DARIUS, H., BERREBI, P. (1993) - Asymétrie et anomalies morphologiques 
dans la zone hybride de la Lergue (sud de la France): Barbus barbus x Barbus 
meridionalis. Cahiers d’Ethologie, 13: 243-244.

DOADRIO, I., BOUHADAD, R., MACHORDOM, A. (1998) - Genetic 
differentiation and biogeography in Saharan populations of the genus Barbus 
(Osteichthyes, Cyprinidae). Folia Zoologica, 47: 7-20.

DOADRIO, I., CARMONA, J. A., MACHORDOM, A. (2002) - Haplotype 
diversity and phylogenetic relationships among the Iberian barbels (Barbus, 
Cyprinidae) reveal two evolutionary lineages. Journal of Heredity, 93: 140-147.



48

Patrick Berrebi et al.

DOWLING, T. E., SECOR, C. L. (1997) - The role of hybridization and 
introgression in the diversification of animals. Annual Review of Ecology and 
Systematics, 28: 593-619.

DUAN, Z., ZHAO, K., PENG, Z., LI, J., DIOGO, R., ZHAO, W., HE, S. (2009) 
- Comparative phylogeography of the Yellow River schizothoracine fishes 
(Cyprinidae): Vicariance, expansion, and recent coalescence in response to 
the Quaternary environmental upheaval in the Tibetan Plateau. Molecular 
Phylogenetics and Evolution, 53: 1025-1031.

ECONOMIDIS, P. S., BANARESCU, P. M. (1991) - The distribution and 
origins of fresh-water fishes in the Balkan Peninsula, especially in Greece. 
Internationale Revue der Gesamten Hydrobiologie, 76: 257-283.

EL GHARBI, S. (1994) - Biosystématique, évolution et biogéographie dans 
les interactions hôte-parasite le modèle Barbus (Cyprinidés) Dactylogyrus 
(Monogenea). PhD Thesis, Faculté des sciences de Rabat, Morocco.

ESA, Y. B., SIRAJ, S. S., RAHIM, K. A. A., DAUD, S. K., CHONG, H. G., GUAN, 
T. S., SYUKRI, M. F. (2011) - Genetic characterization of two Mahseer species 
(Tor douronensis and Tor tambroides) using microsatellite markers from other 
cyprinids. Sains Malaysiana, 40: 1087-1095.

FISHELSON, L., GOREN, M., VAN VUREN, J., MANELIS, R. (1996) - Some 
aspects of the reproductive biology of Barbus spp., Capoeta damascina and 
their hybrids (Cyprinidae, Teleostei) in Israel. Hydrobiologia, 317: 79-88.

GANTE, H. F., ALVES, M. J., DOWLING, T. E. (2008) - Development of 
cytochrome b primers for mitotyping of barbels (Barbus spp.). Molecular 
Ecology Resources, 8: 786-789.

GANTE, H. F., ALVES, M. J., DOWLING, T. E. (2011) - Paralog-specific 
primers for the amplification of nuclear loci in tetraploid barbels (Barbus: 
Cypriniformes). Journal of Heredity, 102: 617-621.

GOLUBTSOV, A. S., KRYSANOV, E. Y. (1993) - Karyological study of some 
cyprinid species from Ethiopia. The ploidy differences between large and small 
Barbus of Africa. Journal of Fish Biology, 42: 445-455.

GUÉGAN, J.-F., RÁB, P., MACHORDOM, A., DOADRIO, I. (1995) - New 
evidence of hexaploidy in “large” African Barbus with some considerations of 
the origin of hexaploidy. Journal of Fish Biology, 47: 192-198.



49

Evolutionary History of Barbus

HAFEZ, R. (1981) - Etude sur la cytogénétique et l’évolution génétique chez 
quelques cyprinidés de la région Midi-Pyrénées. PhD Thesis, Institut National 
polytechnique de Toulouse, France.

HALDANE, J. (1922) - Sex ratio and unisexual sterility in hybrid animals. 
Journal of Genetics, 12: 101-109

HAYDEN, B., MASSA-GALLUCCI, A., CAFFREY, J., HARROD, C., 
MARIANI, S., O’GRADY, M., KELLY-QUINN, M. (2011) - Trophic dynamics 
within a hybrid zone – interactions between an abundant cyprinid hybrid and 
sympatric parental species. Freshwater Biology, 56: 1723–1735.

HOWES, G. J. (1987) - The phylogenetic position of the Yugoslavian Cyprinid 
fish genus Aulopyge Heckel, 1841, with an appraisal of the genus Barbus 
Cuvier and Cloquet, 1816, and the subfamily Cyprinidae. Bulletin of the British 
Museum of Natural History (Zoology), 52: 165-196.

HOWES, G. J. (1991) - Systematics and biogeography: an overview. In: 
Cyprinid fishes - Systematics, biology and exploitation, Vol. 3 (WINFIELD, I. J., 
NELSON, J. S. eds.), pp: 1-33. Chapman and Hall, London.

JONES, F. C., BROWN, C., PEMBERTON, J. M., BRAITHWAITE, V. A. (2006) 
- Reproductive isolation in a threespine stickleback hybrid zone. Journal of 
Evolutionary Biology, 19: 1531-44.

KARAKOUSIS, Y., MACHORDOM, A., DOADRIO, I., ECONOMIDIS, P. 
S. (1995) - Phylogenetic relationships of Barbus peloponnesius Valenciennes, 
1842 (Osteichthyes: Cyprinidae) from Greece and other species of Barbus as 
revealed by allozyme electrophoresis. Biochemical Systematics and Ecology, 4: 
365-375.

KLINKHARD, T. M., TESCHE, M., GREVEN, H. (1995) - Database of fish 
chromosomes. Westarp-Wiss, Magdeburg, Germany.

KOTLIK, P. (2001) - Phylogéographie et systématique des barbeaux d’Europe 
Centrale. PhD Thesis, Muséum National d’Histoire Naturelle de Paris, France.

KOTLÍK, P., BERREBI, P. (2001) - Phylogeography of the barbel (Barbus 
barbus) assessed by mitochondrial DNA variation. Molecular Ecology, 10: 
2177–2185.

KOTLÍK, P., BERREBI, P. (2002) - Genetic subdivision and biogeography of the



50

Patrick Berrebi et al.

Danubian rheophilic barb Barbus petenyi inferred from phylogenetic analysis 
of mitochondrial DNA variation. Molecular Phylogenetics and Evolution, 24: 
10-18.

KOTLÍK, P., BERREBI, P. (2007) - Nested clade phylogeographical analysis of 
the barbel (Barbus barbus) mitochondrial DNA variation. In: Phylogeography 
of southern European refugia. (WEISS, S., FERRAND, N. eds.), pp 315-325. 
Springer, Dordrecht, The Netherlands.

KOTLÍK, P., BOGUTSKAYA, N. G., EKMEKÇI, F. G. (2004) - Circum Black 
Sea phylogeography of Barbus freshwater fishes: divergence in the Pontic 
glacial refugium. Molecular Ecology, 13: 87-95.

KOTLÍK, P., TSIGENOPOULOS, C. S., RÁB, P., BERREBI, P. (2002) - Two 
new Barbus species from the Danube River basin, with redescription of B. 
petenyi (Teleostei: Cyprinidae). Folia Zoologica, 51: 227-240.

KRUPKA, I., HOLČÍK, J. (1976) - On the occurrence of Barbus plebejus in the 
Propad river (Vistula basin, Czechoslovakia) with regard to its assumed hybrid 
origin. Vestnik Ceskoslovenske Spolecnosti Zoologicke, 40: 163-178.

KRUPP, F. (1985) - Barbus continii Vinciguerra 1926, a possible natural hybrid 
of Barbus canis and Barbus longiceps (Pisces: Osteichthyes: Cyprinidae). 
Senckenbergiana Biologii, 66: 9-15.

KRYSANOV, E. Y. (1999) - Karyotypes of Varicorhinus capoeta and Barbus 
goktshaicus (Cypriniformes) from Lake Sevan, Armenia. Journal of Ichtyology, 
39: 187-189.

KUX, Z., WEISZ, T. (1958) - Příspěvek k poznání ichtyofauny řeky Toplé v 
bardějovském okrese. Acta Musei Moraviae, 43: 145-174. (in Czech)

LAJBNER, Z., ŠLECHTOVÁ, V., ŠLECHTA, V., ŠVÁTORA, M., BERREBI, 
P., KOTLÍK, P. (2009) - Rare and asymmetrical hybridization of the endemic 
Barbus carpathicus with its widespread congener B. barbus. Journal of Fish 
Biology, 74: 418–436.

LEVIN, B. A., FREYHOF, J., LAJBNER, Z., PEREA, S., ABDOLI, A., 
GAFFAROGLU, M., ÖZULUG, M., RUBENYAN, H. R., SALNIKOV, V. 
B., DOADRIO, I. (2012) - Phylogenetic relationships of the algae scraping 
cyprinid genus Capoeta (Teleostei: Cyprinidae). Molecular Phylogenetics and 
Evolution, 62: 542-549.



51

Evolutionary History of Barbus

LIU, H., CHEN, Y. (2003) - Phylogeny of the East Asian cyprinids inferred 
from sequences of the mitochondrial DNA control region. Canadian Journal 
of Zoology, 81: 1938-1946.

MABLE, B. K., ALEXANDROU, M. A., TAYLOR, M.I. (2011) - Genome 
duplication in amphibians and fish: an extended synthesis. Journal of Zoology, 
284: 151-182.

MACHORDOM, A. (1990) - Filogenia y evolución del género Barbus en la 
península Ibérica mediante marcadores moleculares. PhD Thesis, Universidad 
Complutense de Madrid, Spain.

MACHORDOM, A., BERREBI, P., DOADRIO, I. (1990) - Spanish barbel 
hybridization detected using enzymatic markers: Barbus meridionalis Risso x 
Barbus haasi Mertens (Osteichthyes, Cyprinidae). Aquatic Living Resources, 3: 
295-303.

MACHORDOM, A., BOUHADAD, R., DOADRIO, I. (1998) - Variation 
and evolutionary history of North African populations of the genus Barbus 
(Osteichthyes, Cyprinidae). Diversity and Distributions, 4: 217-234.

MACHORDOM, A., DOADRIO, I. (2001a) - Evolutionary history and 
speciation modes in the cyprinid genus Barbus. Proceedings of the Royal Society 
of London B, 268: 1297-1306.

MACHORDOM, A., DOADRIO, I. (2001b) - Evidence of a Cenozoic Betic-
Kabilian connection based on freshwater fish phylogeny (Luciobarbus, 
Cyprinidae). Molecular Phylogenetics and Evolution, 18: 252-263.

MACHORDOM, A., DOADRIO, I., BERREBI, P. (1995) - Phylogeny and 
evolution of the genus Barbus in the Iberian Peninsula as revealed by allozyme 
electrophoresis. Journal of Fish Biology, 47: 211-236.

MARKOVÁ, S., ŠANDA, R., CRIVELLI, A. J., SHUMKA, S., WILSON, I. F., 
VUKIC, J., BERREBI, P., KOTLÍK, P. (2010) - Nuclear and mitochondrial 
DNA sequence data reveal the evolutionary history of Barbus (Cyprinidae) in 
the ancient lake systems of the Balkans. Molecular Phylogenetics and Evolution, 
55: 488-500.

MIR, S. (1988) - A new natural intergeneric cyprinid hybrid from the Jordan 
River drainage, with a key to the large barbine cyprinids of the southern 



52

Patrick Berrebi et al.

Levant. Journal of Fish Biology, 32: 931-936.

MÜLLER, H. J. (1925) - Why polyploidy is rarer in animals than in plants. 
American Naturalist, 59: 346-353.

MYERS, G. S. (1960) - Preface to any future classification of the cyprinid fishes 
of the genus Barbus. Stanford Ichthyological Bulletin, 7: 212-215.

NARAN, D. (1997) - Cytogenetic studies of Pseudobarbus and selected Barbus 
(Pisces: Cyprinidae) of South Africa. Master of Sciences PhD Thesis, Rhodes 
University, Grahamstown, South Africa.

OELLERMANN, L. K., SKELTON, P. H. (1990) - Hexaploidy in yellowfish 
species (Barbus, Pisces, Cyprinidae) from southern Africa. Journal of Fish 
Biology, 37: 105-115.

OHNO, S. (1970) - Evolution by gene duplication. Springer-Verlag, New York.

OTTO, S. P., WHITTON, J. (2000) - Polyploid incidence and evolution. Annual 
Review of Genetics, 34: 401-437.

PELLEGRIN, J. (1930) - La faune ichthyologique dulçaquicole de la Péninsule 
Ibérique. Comptes Rendus Sommaires des Séances de la Société de Biogéographie, 
56: 53-55.

PERSAT, H., BERREBI, P. (1990) - Relative ages of present populations of 
Barbus barbus and Barbus meridionalis (Cyprinidae) in southern France: 
preliminary considerations. Aquatic Living Resources, 3: 253-263.

PHILIPPART, J.-C., BERREBI, P. (1990) - Experimental hybridization of 
Barbus barbus and Barbus meridionalis: physiological, morphological, and 
genetic aspects. Aquatic Living Resources, 3: 325-332.

PONCIN, P., JEANDARME, J., BERREBI, P. (1994) - A behavioural study of 
hybridization between Barbus barbus and Barbus meridionalis. Journal of Fish 
Biology, 45: 447-451.

RÁB, P. (1981) - Karyotypes of two African barbels Barbus bariloides and 
Barbus holotaenia. Folia Zoologica, 30: 181-190.

RÁB, P., COLLARES-PEREIRA, M. J. (1995) - Chromosomes of European 
cyprinid fishes (Cyprinidae, Cypriniformes): a review. Folia Zoologica, 44: 193-
214.



53

Evolutionary History of Barbus

RÁB, P., MACHORDOM, A., PERDICES, A., GUÉGAN, J. F. (1995) -  
Karyotypes of three ‘’small’’ Barbus species (Cyprinidae) from Republic of 
Guinea (Western Africa) with a review on karyology of African small Barbus. 
Caryologia, 48: 299-307.

ROLIK, H. (1967) - O nektórych naturalnych krzyżówkach ryb karpiowatych 
(Pisces, Cyprinidae) w Polsce. Fragmenta Faunistica, 14: 153 –167. (in Polish)

ROSENTHAL, G. G., DE LA ROSA REYNA, X. F., KAZIANIS, S., STEPHENS, 
M. J., MORIZOT, D., RYAN, M. J. C., GARCÍA DE LEÓN, F. J. (2003) - 
Dissolution of sexual signal complexes in a hybrid zone between the swordtails 
Xiphophorus birchmanni and Xiphophorus malinche (Poeciliidae). Copeia, 
2003: 299‐307.

SKELTON, P. H. (1980) - Systematics and biogeography of the redfin Barbus 
species. Rhodes University, Grahamstown.

ŠLECHTOVA, V., ŠLECHTA, V., BERREBI, P. (1993) - Diversité génétique du 
genre Barbus dans les rivières tchèques et slovaques. Cahiers d’Ethologie, 13: 
207-210.

SOLTIS, D. E., SOLTIS, P. S. (1999) - Polyploidy: recurrent formation and 
genome evolution. Trends in Ecology and Evolution, 14: 348-352.

STEINITZ, H., BEN-TUVIA, A. (1957) - The hybrid of Barbus longiceps C. 
V. and Varicorhhinus damascinus C. V. (Cyprinidae, Teleostei). Bulletin of the 
Research Council of Israel, 6B: 76-188.

STOUMBOUDI, M. T., ABRAHAM, M. (1996) - The spermatogenetic process 
in Barbus longiceps, Capoeta damascina and their sterile hybrid (Teleostei, 
Cyprinidae). Journal of Fish Biology, 49: 458-468.

STOUMBOUDI, M. T., VILLWOCK, W., SELA, J., ABRAHAM, M. (1993) 
- Gonadosomatic index in Barbus longiceps, Capoeta damascina and their 
natural hybrid (Pisces, Cyprinidae), versus spermatozoan index in the parental 
males. Journal of Fish Biology, 43: 865-875.

STRATIL, A., BOBÁK, P., TOMAŠEK, V., VALENTA, M. (1983) - Transferrins 
of Barbus barbus, Barbus meridionalis petenyi and their hybrids. Genetic 
polymorphism, heterogeneity and partial characterisation. Comparative 
Biochemestry and Physiology, 76: 845-850.



54

Patrick Berrebi et al.

SWARTZ, E. R., SKELTON, P. H., BLOOMER, P. (2009) - Phylogeny and 
biogeography of the genus Pseudobarbus (Cyprinidae): Shedding light on the 
drainage history of rivers associated with the Cape Floristic Region. Molecular 
Phylogenetics and Evolution, 51: 75-84.

TANG, Q., GETAHUN, A., LIU, H. (2009) - Multiple in-to-Africa dispersals 
of labeonin fishes (Teleostei: Cyprinidae) revealed by molecular phylogenetic 
analysis. Hydrobiologia, 632: 261-271.

TSIGENOPOULOS, C. S. (1999) - Phylogéographie du genre Barbus (Poissons, 
Cyprinidae) dans les régions péri-méditerranéennes. Reconstitution des grandes 
lignées de migration au moyen des marqueurs nucléaires et mitochondriaux. 
PhD Thesis, Université Montpellier 2, Montpelier, France.

TSIGENOPOULOS, C., BERREBI, P. (2000) - Molecular phylogeny of 
North Mediterranean freshwater barbs (Genus Barbus: Cyprinidae) inferred 
from cytochrome b sequences: biogeographic and systematic implications. 
Molecular Phylogenetics and Evolution, 14: 165-179.

TSIGENOPOULOS, C. S., DURAND, J. D., ÜNLÜ, E., BERREBI, P. (2003) 
- Rapid radiation of the Mediterranean Luciobarbus species (Cyprinidae) 
after the Messinian salinity crisis of the Mediterranean Sea, inferred from 
mitochondrial phylogenetic analysis. Biological Journal of the Linnean Society, 
80: 207-222.

TSIGENOPOULOS, C. S., KASAPIDIS, P., BERREBI, P. (2010) - Phylogenetic 
relationships of hexaploid large-sized barbs (genus Labeobarbus, Cyprinidae) 
based on mtDNA data. Molecular Phylogenetics and Evolution, 56: 851-856.

TSIGENOPOULOS, C. S., KOTLÍK, P., BERREBI, P. (2002a) - Biogeography 
and pattern of gene flow among Barbus species (Teleostei: Cyprinidae) 
inhabiting the Italian Peninsula and neighbouring Adriatic drainages as 
revealed by allozyme and mitochondrial sequence data. Biological Journal of 
the Linnean Society, 75: 83-99.

TSIGENOPOULOS, C. S., RÁB, P., NARAN, D., BERREBI, P. (2002b) - 
Multiple origins of polyploidy in the phylogeny of southern African barbs 
(Cyprinidae) as inferred from mtDNA markers. Heredity, 88: 466-473.

TURAN, D., KOTTELAT, M., EKMEKÇI, F. G. (2008) - Capoeta erhani, a new 
species of cyprinid fish from Ceyhan River, Turkey (Teleostei: Cyprinidae). 



55

Evolutionary History of Barbus

Ichthyological Exploration of Freshwaters, 19: 263–270.

UYENO, T., SMITH, G. R. (1972) - Tetraploid origin of the karyotype of 
catostomid fishes. Science, 175: 644-646. 

VALENTA, M., RÁB, P., STRATIL, A., KÁLAL, L. OLIVA, O. (1979) - 
Karyotypes, heterogeneity and polymorphism of proteins in the tetraploid 
species Barbus meridionalis and its hybrids with Barbus barbus. Proceedings of 
the XVIth International Conference on Animal Blood Groups and Biochemical 
Polymorphism, Leningrad, IV: 204-214.

VAN VUREN, J., FISHELSON, L., (1990) - Ultrastructure features of the 
gonads of Capoeta damascina x Barbus canis hybrids. Proceedings of the 
Electron Microscopy Society of Southern Africa, 20: 23-24.

VINCIGUERRA, D. (1926) - Sopra una collezione di pesci della Palestina. 
Annali del Museo civico di storia naturale Giacomo Doria, 52: 210-226.

WANG, X., LI, J., HE, S. (2007) - Molecular evidence for the monophyly of 
East Asian groups of Cyprinidae (Teleostei: Cypriniformes) derived from the 
nuclear recombination activating gene 2 sequences. Molecular Phylogenetics 
and Evolution, 42: 157-170.

YANG, L., MAYDEN, R. L. (2010) - Phylogenetic relationships, subdivision, 
and biogeography of the cyprinid tribe Labeonini (sensu Rainboth, 1991) 
(Teleostei: Cypriniformes), with comments on the implications of lips and 
associated structures in the labeonin classification. Molecular Phylogenetics 
and Evolution, 54: 254-265.

ZARDOYA, R., DOADRIO, I. (1999) - Molecular evidence on the evolutionary 
and biogeographical patterns of European cyprinids. Journal of Molecular 
Evolution, 49: 227-237.


