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ABSTRACT

The genus Luciobarbus Heckel, 1843 is characterized by medium to large fish species occurring in large  rivers 
and downstream zones with slow-moving waters. Remarkably also rheophilic Luciobarbus occur in Morocco, 
which are of small size and exhibit distinct morphological traits as well as different habitat requirements. These 
rheophilic species have traditionally been assigned to Luciobarbus nasus (Günther, 1874) and L. magniatlantis 
(Pellegrin, 1919), although some authors consider L. magniatlantis as a junior synonym of L. nasus. This lack of 
consensus on the taxonomy of rheophilic barbs is constrained by limited population studies that do not encom-
pass their entire distribution range. Using molecular, morphometric, and osteological data we studied popula-
tions of rheophilic barbs of three drainage basins in which they are currently present: Tensift, Moulouya and 
Oum er Rbia. Our results clearly identified the rheophilic barbs of each basin as different species. The species 
Luciobarbus magniatlantis is a well-recognized species endemic to Tensift Basin. In contrast, the investigated 
populations from the Moulouya and Oum er Rbia basins could not be assigned to any previously described 
 species. Consequently, we describe two new Luciobarbus species in the Moulouya and Oum er Rbia basins.

http://lsid:zoobank.org:pub:2494C25A-F4CB-41A1-B6C5-C124D14FD8C4

Key words: North Africa; Luciobarbus; Systematics; mtDNA; morphology.

RESUMEN

Taxonomía de las especies reófilas del gØnero Luciobarbus Heckel, 1842 (Actinopterygii, 
Cyprinidae) de Marruecos con la descripción de dos nuevas especies

El gØnero Luciobarbus Heckel, 1843 se caracteriza por presentar especies de medio y gran tamaæo que 
viven en las zonas bajas de grandes ríos con aguas lentas. Singularmente, en Marruecos tambiØn existen espe-
cies reófilas del gØnero Luciobarbus de pequeæo tamaæo y que presentan diferentes caracteres morfológicos y 
distintos requerimientos de hÆbitat. Estas especies reófilas han sido tradicionalmente asignadas a Luciobarbus 
nasus (Günther, 1874) y L. magniatlantis (Pellegrin, 1919) aunque algunos autores consideran a L. magniatlantis 
como un sinónimo de L. nasus. Esta falta de consenso en la taxonomía de los barbos reófilos estÆ limitada por los 
escasos estudios poblacionales realizados que no abarcan la totalidad del Ærea de distribución de estos barbos. 
Nosotros, usando datos moleculares, morfomØtricos y osteológicos, estudiamos las poblaciones de los barbos 
reófilos de tres cuencas hidrogrÆficas, en las cuales estÆn actualmente presentes: Tensift, Moulouya y Oum er 
Rbia. Nuestros resultados claramente identifican a los barbos reófilos de cada una de estas cuencas como dife-
rentes especies. La especie L. magniatlantis es una especie bien definida y endØmica de la cuenca del Tensift. 
En contraste, las poblaciones analizadas de las cuencas del Moulouya y Oum er Rbia no pudieron ser asignadas 
a ninguna especie previamente descrita. Consecuentemente, nosotros describimos dos nuevas especies de 
Luciobarbus en las cuencas del Moulouya y del Oum er Rbia.

Palabras clave: Norte de `frica; Luciobarbus; SistemÆtica; ADN mitocondrial; morfología.
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Three cyprinid species were collected in the Kasab 
River during the past two decades: Luciobarbus ksibi 
(Boulenger, 1905), “Labeobarbus” reinii (Günther, 
1874), and Carasobarbus fritschii (Günther, 1874). 
However, the endemic “L”. reinii and L. nasus from 
the Kasab River have not been found in the past ten 
years, and it is likely that the species have disappeared 
or at least they are extremely rare. Therefore, our study 
of rheophilic Luciobarbus from the Kasab River was 
limited to the museum specimens of the two syntypes 
of Barbus nasus.

The material studied comprised the following speci-
mens and locations: Tensift Basin: 3 specimens from 
the Reraia River, Moulay Brahim (31.2862, -7.9597), 
Morocco (voucher numbers: MNCN 280454-280456); 
2 specimens from the N’Fiss River, Imaounane (30.9899, 
-8.2011), Morocco (voucher numbers: MNCN 208172-
280173); 7 specimens from the Ourika River, Morocco 
(voucher  numbers: MNHN-IC-1919-0431-0437); 
Lectotype and Paralectotypes of Barbus magniatlan-
tis Pellegrin, 1919; 3 specimens from N’Fiss River, 
Kasbah Goundafi (30.9899, -8.2011), Morocco 
(voucher numbers: MNHN-IC-1919-0438-040). Oum 
er Rbia Basin: 1 specimen from the Douna River, El 
Khemis (32.7508, -5.5416) Morocco, (voucher number: 
MNCN 55094); 2 specimens from the Serrou River, El 
Herri (32.8276, -5.6152), Morocco (voucher numbers: 
MNCN 208115-280116); 14 specimens from Arba 
River, Ksiba (32.5668, -6.0174), Morocco (voucher 
numbers: MNCN: 54987-55000); 9 specimens from 
the Oum er Rbia River, El Borj (33.0157, -5.6295), 

Morocco (voucher numbers: MNCN 208168-208169; 
MNCN 71972-71978); 7 specimens from the Chbouka 
River, El Herri (32.8595, -5.6213), Morocco (voucher 
numbers: MNCN 279704-279707; MNCN 280083; 
MNCN 279695-279696). Moulouya Basin: 3 speci-
mens from the Melloulou River, Guercif (34.2180, 
-3.3467 and 34.215, -3.3756), Morocco (voucher 
numbers: MNCN 286595-286596; MNCN-290831); 
9 specimens from the Moulouya River, Ghafoula 
(34.145, -3.388), Morocco (voucher numbers: MNCN 
290832-290840). Kasab Basin: 2  syntype specimens 
of Barbus nasus Günther, 1874 from the Kasab River 
preserved at the Natural History Museum (BMNH 
1874.1.30.25-26).

All sampling sites (Fig. 1) presented similar river-
ine morphology, with clear water, rapid current and 
gravel bottom.

Twenty-four morphometric measurements were 
taken with digital callipers (0.01 mm), and ten mer-
istic variables were counted with a stereoscopic 
microscope. The following acronyms were used for 
morphometric and meristic characters: A, number of 
anal fin rays; AFH, anal fin height; AFL, anal fin length; 
APL, anal peduncle length; BL1, first barbel length; 
BL2, second barbel length; BD, body depth; BLD, 
body least depth; C, central caudal fin rays; CFL, cau-
dal fin length; CPL, caudal peduncle length; D, dorsal 
fin rays, DFL dorsal fin length; DFH dorsal fin height; 
ED, eye diameter; GR, gill rakers ( number); HL, 
head length; IOW, interorbital width; LL lateral line 
scales; P, pectoral fin rays; PFL, pectoral fin length; 
PrAD, pre-anal distance; PrDD, pre-dorsal distance; 
PrOL, pre-orbital length; PrPD, pre-pectoral distance; 
PrVD, pre-ventral distance; PsOL, postorbital length; 
PVL, pectoral-ventral length; RSA, scale rows above 
lateral line; RSB scale rows below lateral line; SL, 
standard length; V, ventral fin rays; VFL, ventral fin 
length; VE, Number of vertebrae. The number of ver-
tebrae was obtained by counting on X-ray images of 
specimens from all sampled populations. Osteological 
characteristics were investigated through computer 
tomography (CT) scan and digital dissection using 
VGStudio MAX v2.2 (Volume Graphics, http://www.
volumegraphics.com).

After constructing the measurement matrix, 
Burnaby’s method was used to correct for size effect. 
The Burnaby method removes the effects of a within-
population size-factor from between-group morpho-
metric analyses through an orthogonal projection 
procedure (Burnaby, 1966; Röhlf & Bookstein, 1987).

All analyses were conducted with the corrected 
matrix. Morphometric and meristic characters were 
analysed independently. To assess sexual dimorphism 
and to identify the variables that contributed most 
to the variation among populations, two principal 
component analyses (PCA) were performed using 
the covariance matrix for morphometric characters. 
Statistical analyses were carried out using PAST 
 software (Hammer et al., 2001).

Fig. 1.� Sampling localities of Luciobarbus populations in 
Morocco. Melloul River, Guercif (1, 2); Moulouya R., Ghafoula 
(3); Oum er Rbia R., El Borj (4); Chbouka R., El Herri (5); 
Douna R., El Khemis (6); Serrou R., El Herri (7); Arba R., Ksiba 
(8); Ourika R., (9); Reraia R., Moulay Brahim (10); N�Fiss R., 
Kasbah Goundafi, and Imaounane (11); Kasab R., Essaouira 
(Former Mogador) (12).

Fig. 1.� Localidades de las poblaciones de Luciobarbus 
de Marruecos muestreadas. Río Melloul, Guercif (1, 2); Río 
Moulouya, Ghafoula (3); Río Oum er Rbia, El Borj (4); Río 
Chbouka, El Herri (5); Río Douna, El Khemis (6); Río Serrou, 
El Herri (7); Río Arba, Ksiba (8); Río Ourika, (9); Río Reraia, 
Moulay Brahim (10); Río N�Fiss, Kasbah Goundafi and 
Imaounane (11); Río Kasab, Essaouira (antiguo Mogador) (12).
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For molecular analyses, we obtained specimens of 
rheophilic Luciobarbus from Oum er Rbia, Tensift, 
and Moulouya basins along with the limnophilic 
L. ksibi from Oum er Rbia, Tensift and Kasab basins, 
(Table 1). Also, the Iberian species of Luciobarbus 
and L.  setivimensis (Valenciennes, 1842) from Algeria 
were added. Aulopyge hueguelli Heckel, 1843 and 
Barbus meridionalis Risso, 1827 were selected as 
outgroups, based on previous phylogenetic analy-
ses (Zardoya & Doadrio, 1999). Total genomic DNA 
was extracted from fin-clip tissue using the commer-
cial kit Biosprint15 for tissue and blood (Qiagen). 

For each specimen, the complete region (1140 bp) 
of the mitochondrial cytochrome b (cytb) was ampli-
fied. Primers and protocols used for PCR for cytb 
 followed Machordom & Doadrio (2001b). After check-
ing PCR products on 1% agarose gels, they were purified 
by ExoSAP-IT™ (USB) and directly sequenced on 
MACROGEN service using a 3730XL DNA sequencer. 
Sequences were deposited in the GenBank database 
under accession numbers KU257523-KU257539.

Phylogenetic analyses were performed using Bayes -
ian inference (BI) implemented in MrBayes v. 3.2 
(Ronquist et al., 2012). The Akaike Information Criterion 

Table 1.� Sampling localities for Luciobarbus from Moroccan and GenBank Accession numbers.

Tabla 1.� Localidades de muestreo para Luciobarbus de Marruecos y nœmeros de acceso de GenBank.

Population assignment/species Locality
No. Individuals studied 
Morphology/molecular

Number in 
Phylogenetic 

tree

GenBank 
Accession 
Numbers

Number 
in map

Moulouya population Melloulou R. Guercif/
Moulouya Basin

3/1 M3 KU257527 1, 2

Moulouya population Moulouya R. Ghafoula/
Moulouya Basin

9/3 M1, M2, M4 KU257525, 
KU257526, 
KU257528

3

Oum er Rbia population Oum er Rbia R. El Borj/Oum 
er Rbia Basin

9/3 R1, R2, R3 AY004744, 
KU257531, 
KU257532

4

Oum er Rbia population Chbouka R. El Herri/Oum er 
Rbia Basin

7/- 5

Oum er Rbia population Douna R. El Khemis/Oum er 
Rbia Basin

1/- 6

Oum er Rbia population Serrou R. El 
Herri/Oum er Rbia Basin

2/1 R4 KU257533 7

Oum er Rbia population Arba R. Ksiba/Oum er 
Rbia Basin

14/- 8

Tensift population. Lectotype and 
Paralectotypes of Barbus magniatlantis

Ourika R./Tensift Basin 7/- xxx 9

Tensift population Reraia R. Moulay Brahim/
Tensift Basin

3/2 T2, T3 KU257536, 
KU257537

10

Tensift population. Paralectotypes of 
Barbus magniatlantis

N�Fiss R. Kasbah Gouda� /
Tensift Basin

3/- xxx 11

Tensift population N�Fiss R. Imaounane/Tensift 
Basin

2/2 T1, T4 KU257534, 
KU257535

11

Kasab population. Syntypes of Barbus 
nasus

Kasab R. Essaouira/Kasab 
Basin

2/- 12

L. ksibi Kasab R. /Kasab Basin. -/2 1, 2 KU257523, 
KU257524

12

L. ksibi Reraia R./Tensift basin -/2 3, 4 KU257538, 
KU257539

10

L. ksibi Chbouka R./Oum er Rbia 
basin

-/2 5, 6 KU257529, 
KU257530

5

L. bocagei Duratón R./Duero Basin -/1

L. comizo Tajo R./Tajo Basin -/1

L. graellsii Irati R./Ebro Basin -/1

L. guiraonis Turia R./Turia Basin -/1

L. microcephalus Zujar R./Guadiana Basin /1

L. sclateri Segura R./Segura Basin /1

L. setivimensis Soumman R./Soumman Basin /1
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(Akaike, 1973) implemented in jModeltest (Posada, 
2008) was used to determine the evolutionary model 
that best fit the data. In this case, TIM1+G model was 
selected. Bayesian inference was performed using two 
independent runs of four Markov Montecarlo coupled 
chains (MCMC) of 5×106  generations each to estimate 
the posterior probability distribution. Topologies were 
sampled every 100 generations, and a majority-rule 
consensus tree was estimated after discarding the first 
10% of generations. The robustness of the clades was 
assessed using Bayesian posterior probabilities. The 
average uncorrected p-distances among Luciobarbus 
populations were calculated for the cytb gene using 
MEGA package v. 6.0 (Tamura et al., 2013).

Results and Discussion

COMPARISON OF MORPHOLOGY AMONG 
POPULATIONS

Due to the sexual dimorphism of Luciobarbus 
(Doadrio, 1990), and because few female speci-
mens were available, we removed females from the 
 subsequent morphological analyses. Non-parametric 
Kruskal–Wallis and Mann–Whitney post hoc compari-
son analyses were used to assess differences in size 
and body shape among populations (Appendix 1). No 
differences in SL were found among Luciobarbus pop-
ulations. However we found significant differences in 
morphometric measures, with the exception of preven-
tral and preanal distances, anal and dorsal fin lengths, 
pre and post-orbital distances, and caudal peduncle 
length (Appendix 1).

The population from Moulouya basin exhibited an 
elongated body shape with the smallest body depth 
of any studied population. The dorsal fin was placed 
slightly more anterior, and the predorsal distance was 
shorter, than in Tensift and Oum er Rbia populations. 
All fins in the Moulouya population were larger than 
the ones present in the remaining populations, with the 
height of the anal fin significantly bigger than in other 
populations, in some specimens reaching, or nearly 
reaching, the anterior rays of the caudal fin when 
folded. The population of Oum er Rbia Basin possessed 
the longest anal caudal peduncle. This population had a 
narrow skull, characterized by the lowest inter-orbital 
width. The population of Tensift Basin had the smallest 
head, with the head and prepectoral distances shorter 
than in Moulouya and Oum er Rbia populations. The 
deepest caudal peduncle was also found in the Tensift 
population. The fins in the Tensift population were sig-
nificantly smaller than in Moulouya and Oum er Rbia 
populations. Some specimens of the Tensift popula-
tion, belonging to paralectoypes of Barbus magniat-
lantis, presented three pairs of barbels, a characteristic 
that was not observed in any other populations. An 
overview of the general morphology of the analysed 
 populations is illustrated in Figs. 2 and 3.

The number of scales along the lateral line 
(median=45), superior transverse line (median=7.5) 
and inferior transverse line (median=5.5) was signifi-
cantly lower in the Moulouya population than in the 
Tensift and Oum er Rbia (Appendix 1). Scale num-
ber along the lateral line (median=51) and superior 
transverse line (median=9.5) were significantly higher 
in the Oum er Rbia population than in Tensift and 
Moulouya populations.

Fig. 3.� Syntypes of Barbus nasus showing the characteristic 
deep caudal peduncle. Figure from the Natural History Museum 
(London).

Fig. 3.� Sintipos de Barbus nasus mostrando su característico 
y profundo pedœnculo caudal. Figura del Museo de Historia 
Natural de Londres.

Fig. 2.� Morphology of the analysed populations. Arrows 
show principal traits of each population. A: Tensift Basin 
population; B: Oum er Rbia Basin; C: Moulouya Basin. Scale: 
10 mm.

Fig. 2.� Morfología de las poblaciones analizadas. Las 
flechas muestran los principales rasgos de cada población. 
A: población del Tensift; B: población del Oum er Rbia; 
C: población del Moulouya. Escala: 10 mm.
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