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Interrelationships of the two specialized scraping
periphyton-feeders, Varicorhinus beso and V. jubae,
and some large African barbs, Labeobarbus spp.,
inhabiting three main regions of Ethiopia (the Western
and Eastern Plateaus, and the Rift Valley separating
them) were investigated using the sequence analysis
of a fragment (609 base pairs) of the mtDNA control
region. The two scraping forms in question appeared
to be phylogenetically distant: V. beso had branched
off before the main radiation of the Ethiopian
Labeobarbus took place, whereas V. jubae is a sister
group of the Labeobarbus gananensis complex
sympatrically occurring with it in the south of the
Eastern Plateau. For geographical reasons, among the
congeneric species, V. jubae could be considered as
the most closely related to V. beso, the type species of
the genus, but judging from the available data this
genus seems to be monotypic, while jubae should be
classified as a member of Labeobarbus.
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The scraping periphyton-feeders with specialized
morphological features (the widened straight

mouth, horny edge of the lower jaw and some
others) evolved in several cyprinid lineages. In some
of them (such as the Asian genera Capoeta, Cyprinion,
Onychostoma, Scaphiodonichthys, and Semiplotus),
all the species are specialized periphyton-feeders,
in others (such as the Asian Diptychus, Schizocypris,
Schizopygopsis, Schizothorax, Poropuntius, and African
Labeobarbus) only some species exhibit this special-
ization. It is clear that these numerous cases of
trophic and morphological similarity resulted
from the parallel evolution.

For a long time, the chiselmouths of the genus
Varicorhinus Rüppell (1835) were considered as an
assemblage of African scraping periphyton-feeders
occurring in different parts of the continent but
sharing the trophic specialization and correspond-
ing morphological adaptations based on a common
ancestry (Boulenger 1909–1916; Lévêque & Daget
1984; Poll & Gosse 1995; Tweddle & Skelton 1998).
Some morphological observations, however, call
into question the monophyletic nature of the
group (Banister 1972, 1984; Banister & Bailey 1979),
while recent molecular data (Tsigenopoulos et al.
2010) have clearly demonstrated an independent
origin of at least some ‘Varicorhinus’ species from
South, West and North Africa. At the same time,
these molecular data support the karyological
findings (Golubtsov & Krysanov 1993; Guégan et al.
1995; Krysanov & Golubtsov 1996) that at least
some species affiliated with the genus Varicorhinus
belong to the lineage of African evolutionary
hexaploid barbins composed mostly of the large
African barbs currently assigned to the genus
Labeobarbus (Skelton 2001).

The genus Varicorhinus, established by Rüppell
(1835) for V. beso (Fig. 1a) from the upper reaches of
the Blue Nile system, includes up to 36 valid species
according to CLOFFA 1 (Lévêque & Daget 1984)
and the Catalog of Fishes (Eschmeyer 1998, updated
version http://researcharchive.calacademy.org/
research/Ichthyology/catalog/fishcatmain.asp).
Varicorhinus jubae (Fig. 1b) was described by Banister
(1984) from the Juba River system in southeastern
Ethiopia (the catchment area of the Indian Ocean).
Among the congeneric species, it has the range*Author for correspondence. E-mail: borislyovin@gmail.com
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nearest to that of the type species of the genus. No
other Varicorhinus species currently recognized as
valid (Lévêque 1990; Tsigenopoulos et al. 2010) are
known in the Nilo-Sudan ichthyofaunal province
as defined by Roberts (1975). It is reasonable to as-
sume that if there is a clade represented by V. beso
and other related species, the most probable sister
group of V. beso is V. jubae.

The present work was aimed at clarification of
the phylogenetic interrelationships of V. beso,
V. jubae and other Ethiopian evolutionary hexaploid
barbins using mtDNA sequence data and using
the European barbel Barbus meridionalis Risso,
1827, the evolutionary tetraploid, as an outgroup.

Material was collected in the three main geo-
graphical regions of Ethiopia (Fig. 2) in 2008–2012:
V. beso and Labeobarbus intermedius (Rüppell 1835)
sensu Banister (1973) from the Western Plateau
and Ethiopian Rift Valley; V. jubae and Labeobarbus
gananensis (Vinciguerra 1895) complex from the
Eastern Plateau; and Labeobarbus ethiopicus
(Zolezzi 1939), endemic to the Lake Ziway basin,
from the Ethiopian Rift Valley (Fig. 2). Sampling
localities and the GenBank accession numbers for
DNA sequences are indicated in Table 1. Voucher
specimens were deposited at the Zoological
Museum of Moscow State University (ZMMU),
Moscow. DNA samples from 146 specimens of
Varicorhinus and Labeobarbus were sequenced,

while the data on a specimen of Barbus meridionalis
(Gilles et al. 2001, No. AJ388416) and eight speci-
mens of L. gananensis complex (Dimmick et al.
2001) were taken from the GenBank sequence
database.

DNA was extracted from a small piece of the
fin or muscle using the salt method (Aljanabi &
Martinez 1997). For all individuals studied, a
fragment of the mtDNA control region was PCR
amplified with the primers LProF (5’-AACTCTCA
CCCCTAGCTCCCAAAG-3’) (Meyer et al. 1994)
and DL623 (5’- GGAATAGATATGTTATGC
ACTTG-3’) (designed for this study). Double-
stranded DNA was amplified in 25 µl reactions
(2 µl 1x Hot buffer, 2 µM MgCl2, 0.25 mm of each
primer, 0.2 µM dNTP of each nucleotide, 18.5 µl
ddH20, 1 µl template DNA, and 1U Hot Taq poly-
merase (Sileks, Moscow). The PCR process was
95°C (10 min), 30 cycles at 95°C (20 s), 52°C (30 s),
72°C (1 min), and a final extension at 72°C (5 min
30 s). The PCR products were visualized by
mini-gel electrophoresis using ethidium bromide
staining and 1.5% agarose gels. The PCR products
were purified with double volume of ethanol 96%
and sodium acetate (3M) precipitated after 10 min
centrifugation at 13200 rpm, and centrifuged twice
with 70% alcohol. Both strands were sequenced
on Applied Biosystems 3100 DNA sequencer
following the manufacturer ’s instructions. The
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Fig. 1. a, Varicorhinus beso, SL 206 mm, from the Didessa River drainage, the Blue Nile system in the Atlantic Ocean
catchment; b, ‘Varicorhinus’ jubae, SL 243 mm, from the Genale River, the Juba system in the Indian Ocean catch-
ment: lateral view of the freshly caught specimens and bottom view of their heads with the horny cutting edge on the
lower jaw (arrowed).



DNA sequences were deposited in GenBank
(accession numbers are indicated in Table 1).

Homologous regions were aligned manually
against previously published control region
sequences of the large African barbs (Dimmick
et al. 2001). Chromatograms and alignments were
visually checked and verified; there were no gaps
in the resulting part of control region gene align-
ment. The Mediterranean barbel Barbus meridionalis,
a representative of the Eurasian lineage of evolu-
tionary tetraploid barbs (Doadrio et al. 2002), was
used as an outgroup. The Akaike Information
Criterion (AIC) implemented in jModelTest 0.1.1
(Posada 2008) was used to determine the evolu-
tionary model that best fits the data set. The model
selected was used for subsequent analyses.
Bayesian inference (BI) performed with MrBayes
3.1.2 (Ronquist & Huelsenbeck 2003) by simulat-
ing two simultaneous Markov chain analyses
(MCMC) for 2 700 000 generations each, to estimate
the posterior probabilities distribution. The first
4500 trees were discarded as burn-in. Topologies

were sampled every 100 generations and a major-
ity-rule consensus tree was estimated after elimi-
nating the first 105 generations in each analysis.
The tree was constructed using FigTree v.1.2.3.

The part of control region gene (609 base pairs)
was sequenced. Base frequencies were A = 0.35, C
= 0.17, G = 0.13, T = 0.35. For this marker, 223
characters were variable, 144 sites were parsimony
informative (23.65%). The best-fit model selected
following the Akaike Information Criterion (AIC)
was the TrN+G. Rate matrix was as follows:
R(a)[A-C] = 1.15, R(b)[A-G] = 14.77, R(c)[A-T]
= 0.98, R(d)[C-G] = 0.94, R(e)[C-T] = 11.56,
R(f)[G-T] = 1.00. Among-site variation was
approached by the gamma distribution shape
parameter (a) = 0.262.

As follows from the phylogram obtained (Fig. 3),
Varicorhinus beso and ‘Varicorhinus’ jubae belong to
distinctly different lineages. The haplotypes of
V. beso formed the cluster basal to all other Ethio-
pian hexaploids studied. Phylogenetic position of
this species in relation to other African hexaploids
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Fig. 2. Schematic drawing of hydrographic network of Ethiopia with three main regions designated: Western Plateau
(I), Rift Valley (II, its edges shown with the dashed lines) and Eastern Plateau (III).Sampling localities for Varicorhinus
beso (�),‘Varicorhinus’ jubae (�), Labeobarbus intermedius complex (�), Labeobarbus ethiopicus (�), and
Labeobarbus gananensis complex (�) numbered with the same sample codes as in Table 1.



(at the wider geographic scale) was investigated
by Tsigenopoulos et al. (2010) using the cytochrome
b sequences. They showed that it was rather
ancient but not basal derivate on a tree of the Afri-
can hexaploids. For the sake of the present consid-
eration, we note merely that V. beso had branched
off before the radiation of other Ethiopian
hexaploids (including the very morphologically
distinct Labeobarbus ethiopicus) took place.

All haplotypes of ‘Varicorhinus’ jubae sampled
from the three different tributaries of the Juba
River in the Eastern Plateau (Fig. 3, Table 1) clus-
tered together. It is noteworthy that previously
this species was known only from the type locality,
the Genale River (Banister 1984). The jubae cluster
was a sister group of the Labeobarbus gananensis
complex reported from the Genale River

(Golubtsov 1993; Mina et al. 1998; Dimmick et al.
2001). Thus, in our tree the hexaploids from the
Eastern Plateau appeared to be opposed to all
hexaploid barbs studied from the Western Plateau
and Ethiopian Rift Valley. Previously discovered
divergence between the generalized and lipped
forms on the one hand, and the large-mouthed
predatory form on the other, within the L. gananensis
complex (Dimmick et al. 2001) was confirmed in
the present study with four and five new individuals
analysed for the former and latter groups, respec-
tively.

The haplotypes of Labeobarbus intermedius sensu
Banister (1973) from the endorheic drainages of
the Rift Valley, the Omo-Turkana and Nile systems
draining the Western Plateau, as well as the repre-
sentatives of the large barb species flock from Lake
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Table 1. Materials studied from Ethiopia.

Sample no., locality Number of ZMMU catalogue GenBank
specimens studied numbers Accession numbers

Varicorhinus beso

1, Genfel River, Atbara-Tekeze system, 13°46’N, 39°35’E 4 P-23448 KC576931
2, Agula River, Atbara-Tekeze system, 13°41’N, 39°35’E 3 P-23449 KC576932-33
3, Bebew River, tributary of Angereb River, Atbara-Tekeze 5 P-23450 KC576930

system,13°10’N, 37°14’E
4, Ribb River, Lake Tana tributary, 11°47’N, 37°41’E 1 P-23451 JQ701748
5, Gumara River, Lake Tana tributary, 11°47’N, 37°41’E 2 P-21990 JQ701744–45
6, Lake Tana at Bahir-Dar, 11°35’N, 37°23’E 3 P-19747 JQ701746–47
7, Dura River, Blue Nile system, 10°59’N, 36°25’E 1 P-23452 JQ701755
8, Chancho (Gorfo) River, Blue Nile system, 9°24’N, 38°50’E 4 P-23453 JQ701750
9, Didessa River, Blue Nile system, 8°41’N, 36°25’E 6 P-21991 JQ701751–54

10, Awash River, Rift Valley, 8°24’N, 39°25’E 4 P-23454 JQ701749
‘Varicorhinus’ jubae

11, Welmel River, Juba River system, 6°14’N, 39°49’E 2 P-23455 JQ701761–62
12, Genale River, Juba River system, 5°42’N, 39°32’E 8 P-23456 JQ701763–70
13, Awata River, Juba River system, 5°47’N, 38°56’E 3 P-23457 JQ701758–60
Labeobarbus intermedius complex
14, Genfel River, Atbara-Tekeze system, 13°46’N, 39°35’E 7 P-23458 JQ701784–85
15, Lake Tana at Bahir-Dar, 11°35’N, 37°23’E 71 ZMMU uncat. JQ701788–93
16, Didessa River, Blue Nile system, 8°24’N, 36°17’E 4 P-23460 JQ701778–79, JQ701787
17, Gojeb River, Omo-Turkana basin, 7°15’N, 36°48’E 4 P-23461 JQ701774–77
18, Lake Langano, Rift Valley, 7°33’N, 38°41’E 2 P-23462 JQ701786
19, Lake Awassa, Rift Valley, 7°05’N, 38°28’E 2 P-23463 JQ701782–83
Labeobarbus ethiopicus

20, Meki River, Lake Ziway tributary, Rift Valley, 8°16’N, 38°31’E 5 P-23464 JQ701780–81
Labeobarbus gananensis complex
21, Genale River, Juba River system, 5°42’N, 39°32’E

generalized and lipped forms 10 P-23466 AF352842*, AF352843*,
AF352858*, AF352859*,
AF352860*, JQ701771–73

large-mouthed form 8 P-23467 AF352861*, AF352862*,
AF352864*, JQ701756–57

*Obtained from GenBank.
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Fig. 3. Phylogenetic tree rendered by Bayesian analysis of the mitochondrial control region data set (609 base pairs).
Numbers above branches mean posterior probabilities of Bayesian Inference (only values larger than 0.60 are
shown).Terminal branches are marked with pictorial codes of the taxa same as in Fig. 2;after the GenBank number of
particular haplotype, the name of source river or lake is given supplemented with the basin code: JS, Juba system
(Eastern Plateau); RV, Rift Valley; AT, Atbara-Tekeze; BN, Blue Nile; OT, Omo-Turkana systems (the last three in the
Western Plateau). Large-mouthed form within the Labeobarbus gananensis complex and different Lake Tana
morphotypes within the Labeobarbus intermedius complex are indicated with grey symbols.The scale bar represents
20% estimated sequence divergence.
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Tana (Nagelkerke et al. 1994; Mina et al. 1996),
produced a cluster whose structure was not
completely resolved with the data available. Six
mtDNA haplotypes of Labeobarbus from Lake Tana
mentioned in Table 1 were found in 71 specimens
representing L. acutirostris (Bini 1940) or ‘Acute’
morphotype, L. crassibarbis (Nagelkerke & Sibbing
1997) or ‘Barbel’ morphotype, L. macrophtalmus
(Bini 1940) or ‘Bigmouth big-eye’ morphotype
and not-identifiable ‘shore complex’ in terms of
Nagelkerke & Sibbing (1997) including Labeobarbus
intermedius (Rüppell 1835). The mtDNA haplo-
types were randomly distributed among the Lake
Tana species/morphotypes as it was previously
demonstrated (De Graaf et al. 2010) for cytochrome
b. Thorough consideration of the relationships
within the L. intermedius complex is beyond the
scope of this paper. Generally, there was corre-
spondence between the mtDNA sequence similar-
ity and geographic origin of the samples, but it was
not complete. The distinct position of Labeobarbus
ethiopicus matching to its peculiar morphology
was already mentioned.

Based on the phylogeny revealed with mtDNA
sequences, the scraping form from the Juba River
system should be classified as Labeobarbus jubae
(Banister 1984). Taking into account the independ-
ent origin of specialized scraping forms in the
adjacent drainage systems of Ethiopia, as well as
the morphological (Banister 1972, 1984; Banister &
Bailey 1979) and genetic (Tsigenopoulos et al. 2010)
evidences of independent origin of such forms
in the other parts of the African continent, it is
reasonable to suggest a monotypy of the genus
Varicorhinus. It is interesting to contrast the evolu-
tionary history of the apparently polyphyletic
African scraping feeders (considered previously as
‘Varicorhinus’) to the West-Asian scraping feeders
of the genus Capoeta comprising about 20 species
of monophyletic origin; at least some members of
this lineage are evolutionary hexaploids, while the
whole group is nested within the evolutionary
tetraploid Luciobarbus (Levin et al. 2012). Morpho-
logical comparison of the Ethiopian scraping
feeders to Asian Capoeta showed that in a number
of characters related to the feeding mode (jaw
modification, widening of the head, gut elonga-
tion, reduction of barbels) V. beso exhibited the level
of transformation similar to the most specialized
Capoeta, while L. jubae manifested less specialized
traits than most Capoeta species (Karaman 1969;
Levin et al. 2005; Levin 2012; Levin et al. 2012).

Finally, we have to draw attention to Capoeta

bingeri Pellegrin 1905, a scraping feeder described
from the Wabi Shibeli River system neighboring
the Juba system. It is known only from a holotype
and later classified as a large African Barbus
(= Labeobarbus) by Lévêque & Daget (1984). This
taxon may be a senior synonym of L. jubae or
present another example of parallel evolution of a
scraping form among the Ethiopian barbins.
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Fekadu Tefera, Redeat Habteselassie and F.N. Shkil for
assistance in material collecting and sharing field opera-
tions; S.E. Cherenkov for photography and M.V. Mina
for the critical comments on the manuscript. This study
was funded in part by the Russian Foundation for Basic
Research (Project Nos 11-04-00109, 11-04-01252, and
11-04-02056, and 13-04-01319) and the Programs of Presid-
ium of Russian Academy of Sciences ‘Biodiversity’ and
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REFERENCES

ALJANABI, S.M. & MARTINEZ, I. 1997. Universal and
rapid salt-extraction of high genomic DNA for
PCR-based techniques. Nucleic Acids Research 25:
4692–4693.

BANISTER, K.E. 1972. On the cyprinid fish Barbus alluadi
Pellegrin: a possible intergeneric hybrid from Africa.
Studies on African Cyprinidae. Pt. I. Bulletin of the
British Museum of Natural History (Zoology) 24: 263–290.

BANISTER, K.E. 1973. A revision of the large Barbus
(Pisces, Cyprinidae) of east and central Africa. Part II.
Bulletin of the British Museum of Natural History
(Zoology) 26: 1–148.

BANISTER, K.E. 1984. Three new species of Varicorhinus
(Pisces, Cyprinidae) from Africa. Bulletin of the British
Museum of Natural History (Zoology) 47: 273–282.

BANISTER, K.E. & BAILEY, R.G. 1979. Fishes collected by
the Zaire River Expedition, 1974–1975. Zoological
Journal of the Linnean Society 66: 205–249.

BINI, G. 1940. I pesci del Lago Tana. Missione di Studio al
Lago Tana, Roma 3: 135–206.

BOULENGER, G.A. 1909–1916. Catalogue of the Freshwater
Fishes of Africa in the British Museum (Natural History).
Vols. I–IV. London.

DE GRAAF, M., MEGENS, H-J., SAMALLO, J. &
SIBBING, F. 2010. Preliminary insight into age and
origin of the Labeobarbus fish species flock from Lake
Tana (Ethiopia) using the mtDNA cytochrome b
gene. Molecular Phylogenetics and Evolution 54:
336–343.

DIMMICK, W.W., BERENDZEN, P.B. & GOLUBTSOV,
A.S. 2001. Genetic comparison of three Barbus
(Cyprinidae) morphotypes from the Genale River,
Ethiopia. Copeia 2001: 1123–1129.

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



ESCHMEYER, W. N. 1998. Catalog of Fishes Online.
Online at: http://research.calacademy.org/redirect?
url=http:/ /researcharchive.calacademy.org/
research/Ichthyology/catalog/fishcatmain.asp (last
accessed 22 February 2012).

GILLES, A. , LECOINTRE, G., MIQUELIS, A. ,
LOERSTCHER, M., CHAPPAZ, R. & BRUN, G. 2001.
Partial combination applied to phylogeny of Euro-
pean cyprinids using the mitochondrial control
region. Molecular Phylogenetics and Evolution 19:
22–33.

GOLUBTSOV, A.S. 1993. Biogéographie des ‘grands
Barbus’ d’Éthiopie avec référence spéciale à des
formes à statuts taxinomiques incertains. Cahiers
d’Ethologie 13: 227–230.

GOLUBTSOV, A.S. & KRYSANOV, E.Yu. 1993. Karyo-
logical studies of some cyprinid species from Ethio-
pia. The ploidy differences between large and small
Barbus of Africa. Journal of Fish Biology 42: 445–455

GUÉGAN, J-F., RAB, P., MACHORDOM, A. & DOADRIO,
I. 1995. New evidence of hexaploidy in ‘large’ African
Barbus with some considerations on the origin of
hexaploidy. Journal of Fish Biology 47: 192–198.

KARAMAN, M.S. 1969. Süßwasserfische der Türkei. Teil
7. Revision der kleinasiatishen und forderasiatishen
Arten des Genus Capoeta (Varicorhinus, partim).
Mitteilungen aus dem Hamburgischen Zoologischen
Museum und Institut 66: 17–54.

KRYSANOV, E.Yu. & GOLUBTSOV, A.S. 1996. Karyo-
types of some Ethiopian Barbus and Varicorhinus from
the Nile basin including Lake Tana morphotypes.
Folia Zoologica 45 (Suppl. 1): 67–75.

LÉVÊQUE, C. 1990. Relict tropical fish fauna in central
Sahara. Ichthyological Explorations of Freshwaters 1:
39–48.

LÉVÊQUE, C. & DAGET, J. 1984. Cyprinidae. In:
Check-list of the Freshwater Fishes of Africa. CLOFFA 1,
(eds) J. Daget, J-P. Gosse & D.F.E. Thys van den
Audenaerde, pp. 217–342. ISNB, Bruxelles, MRAC,
Tervuren, and ORSTOM, Paris.

LEVIN, B.A. 2012. New data on morphology of the Afri-
can scraping feeder Varicorhinus beso (Osteichthyes:
Cyprinidae) with the special reference to specialized
traits. Journal of Ichthyology 52: 908–923.

LEVIN, B.A., RUBENYAN, A.R. & SALNIKOV, V.B. 2005.
Phenetic diversity of khramulya Capoeta capoeta
(Ostariophysi, Cyprinidae). Journal of Ichthyology 45:
754–767.

LEVIN, B.A., FREYHOF, J., LAJBNER, Z., PEREA, S.,
ABDOLI, A., GAFFARO�LU, M., ÖZULU�, 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.

MEYER, A., MORRISSEY, J.M., & SCHARTL, M. 1994.
Recurrent origin of a sexually selected trait in Xipho-
phorus fishes inferred from a molecular phylogeny.
Nature 368 (6471): 539–542.

MINA, M.V., MIRONOVSKY, A.N. & DGEBUADZE, Y.Y.
1996. Lake Tana large barbs: phenetics, growth and
diversification. Journal of Fish Biology 48: 383–404.

MINA, M.V., MIRONOVSKY, A.N., GOLUBTSOV, A.S. &

DGEBUADZE, Y.Y. 1998. The Barbus intermedius
species flock in Lake Tana (Ethiopia): II Morphologi-
cal diversity of ‘large barbs’ from Lake Tana and
neighbouring areas: homoplasies or synapomorphies?
Italian Journal of Zoology 65 (Suppl.): 9–14.

NAGELKERKE, L.A.J., SIBBING, F.A., BOOGAART,
J.G.M., LAMMENS, E.H.R.R. & OSSE, J.W.M. 1994.
The barbs (Barbus spp.) of Lake Tana: a forgotten
species flock? Environmental Biology of Fishes 39: 1–22.

NAGELKERKE, L.A.J. & SIBBING, F.A. 1997. A revision
of the large barbs (Barbus spp., Cyprinidae, Teleostei)
of Lake Tana, Ethiopia, with a description of seven
new species. Chapter 5, pp. 105–170. In: Nagelkerke,
L.A.J. The barbs of Lake Tana, Ethiopia, 1–296.

PELLEGRIN, J. 1905. Poissons d’Abyssinie et du lac
Rodolphe (collection Maurice de Rothschild). Bulletin
du Muséum National d’Histoire Naturelle, Paris 11:
290–294.

POLL, M. & GOSSE, J-P. 1995. Genera des poissons d’eau
douce de l’Afrique. Académie royale de Belgique.
Mémoire de la Classe des Sciences 9: 1–324.

POSADA, D. 2008. jModelTest: Phylogenetic Model Aver-
aging. MBE Advance Access published April 8, 2008.
18 p.

RISSO, A. 1827. Histoire naturelle des principales productions
de l Europe méridionale, et particulièrement de celles des
environs de Nice et des Alpes maritimes. F. G. Levrault,
París & Strasbourg. Hist. Nat. Europe Mérid. v. 3: i-xvi
+ 1–480, Pls 1–16.

ROBERTS, T.R. 1975. Geographical distribution of
African freshwater fishes. Zoological Journal of the
Linnean Society 57: 249–319.

RONQUIST, F. & HUELSENBECK, J.P. 2003. MRBAYES 3:
Bayesian phylogenetic inference under mixed
models. Bioinformatics 19, 1572–1574.

RÜPPELL, E. 1835. Neuer Nachtrag von Beschreibungen
und Abbildungen neuer Fische, im Nil entdeckt. Mu-
seum Senckenbergianum: Abhandlungen aus dem Gebiete
der beschreibenden Naturgeschichte von Mitgliedern der
Senckenbergischen naturforschungen Gesellschaft 11: 1–28.

SKELTON, P.H. 2001. A Complete Guide to the Freshwater
Fishes of Southern Africa. Struik Publishers, Cape
Town.

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.

TWEDDLE, D. & SKELTON, P.H. 1998. Two new species
of Varicorhinus (Teleostei: Cyprinidae) from the Ruo
River, Malawi, Africa, with a review of other southern
Varicorhinus species. Ichthyological Exploration of
Freshwaters 8: 369–384.

VINCIGUERRA, D. 1895. Esplorazione del Giuba e dei
suoi affluenti compiuta dal Cap. V. Bottego durante
gli anni 1892–93 sotto gli auspicii della Società
geografica Italiana. Resultati zoologici. III. Pesci.
Annali di Museo Civico di Storia Naturale, Genova (serie
2a) 15 (35): 21–60.

ZOLEZZI, G. 1939. Descrizione di tre nuovi ciprinidi
raccolti dalla Missione Ittiologica in A.O.I. Bollettino di
Pesca, di Piscicoltura e di Idrobiologia 15: 369–373.

406 African Zoology Vol. 48, No. 2, October 2013

Responsible Editor: O.L.F. Weyl



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.14286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.14286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00583
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [5952.756 8418.897]
>> setpagedevice


