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ABSTRACT

Two species of chubs in French drainages: the common chub S. cephalus
and the Catalan chub S. laietanus restricted to Oriental Pyrenees (South
of France). Morphological and molecular characters distinguishing the two
species have been described on Spanish specimens, but not tested on
French samples. 32 sites were sampled throughout the French water sys-
tem, yielding 155 specimens of which 60 were sequenced for two molec-
ular markers COI and rhodopsin. Two divergent haplotype clusters for
COlI are found, and indicate the presence of S. laietanus in France (from
Massane to Agly basins). In some sites, both species are sympatric. In
some cases, molecular results partially disagree with morphological data,
suggesting possible hybridizations between the two. This might threaten
Catalan chub in France, and its red list status should be re-evaluated in
order to undertake conservation measures.

RESUME

Le statut du chevesne catalan Squalius laietanus (Actinopterygii, Cyprinidae) en France :
apport des données morphologiques et moléculaires
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Il'y a deux especes de chevesnes dans les bassins versants frangais, le chevesne
commun S. cephalus et le chevesne catalan S. laietanus restreint aux Pyrénées
Orientales. Les spécimens espagnols des deux espéces sont clairement distin-
guables aussi bien sur le plan morphologique que sur le plan moléculaire, mais
aucun spécimen frangais n’avait été testé. Trente-deux stations sur tout le réseau
hydrographique francais ont permis de collecter 155 spécimens dont 60 ont été
utilisés pour les analyses moléculaires sur les marqueurs du COIl et de la rhodop-
sine. Deux clusters d’haplotypes sont présents pour le marqueur du COlI, indi-
quant la présence du S. laietanus en France du bassin de la Massane a I’Agly.
Les deux espéces sont sympatriques dans certaines stations. Il n’y a pas toujours
de congruence entre les résultats moléculaires et les données morphologiques,
suggérant d’éventuelles hybridations entre les deux especes. S. laietanus pour-
rait é&tre menacé en France et son statut de la Liste Rouge doit étre réévalué afin
d’entreprendre des mesures de conservation.
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During two centuries, only one species of chub (Squalius, Actinopterygii, Cyprinidae) was
known in France. It was however separated into two subspecies (Spillmann, 1961): a com-
mon form Leuciscus cephalus cephalus (Linnaeus, 1758) currently valid as Squalius cephalus
(Linnaeus, 1758), and a meridional form L. cephalus cabeda (Risso, 1827) currently valid as
S. squalus (Bonaparte, 1837). Kottelat and Freyhof (2007, pp. 275, 623), based on data cited
as “Kottelat 2007b in press” considered the two French subspecies as synonyms. Doadrio
et al. (2007) described a new species of chub, S. laietanus from Northeast Spain, from Ebre
(Spain) to Agly (France) drainages on the basis of both morphological and cytochrome b se-
quence data. S. laietanus mainly differs from S. cephalus by having a mouth slightly subinfe-
rior (vs. terminal with well marked chin), lots of brown pigments on the upper and lower tips of
the exposed part of the scales forming faint longitudinal stripes between scale rows (vs. no or
few pigments on scales, forming clearly contrasted reticulate pattern), and 17 to 20 branched
rays at pectoral fin (vs. 14 to 17). Genetic studies on S. laietanus were performed on Span-
ish specimens only (e.g. Doadrio et al., 2007; Perea et al., 2010), and never included French
samples. However Doadrio (unpublished data) noticed that French S. laietanus populations
differ morphologically from Spanish S. laietanus specimens. We therefore aim to (i) study the
morphology and two DNA markers on a large and representative sampling from the French
drainages: the mitochondrial gene coding for cytochrome C oxidase subunit 1 (COI) and the
nuclear rhodopsin retrogene, (ii) compare the morphological and molecular characters and
evaluate the presence of S. laietanus in France.

Sampling operations were performed in 2010 and 2011 with the collaboration of the French
National Agency for Water and Aquatic Environments (Onema), the Fédération Nationale de
la Péche en France (FNPF), and Associations agréées de péche et de protection des milieux
aquatiques (AAPPMA). 155 specimens were caught by electrofishing in 32 stations, in the
major drainages (Seine, Loire, Garonne, Rhine, Rhéne, Adour), with a higher collection effort
on the Mediterranean basins as Agly, Massane and Tech drainages (8 locations) (Figure 1).
Fin clips were collected for molecular study in EtOH, and specimens were fixed in formalin.
Specimens smaller than 15 cm were fixed by steps in 95% ethanol. All the specimens were
identified morphologically using diagnostic characters given by Doadrio et al. (2007). 60 spec-
imens were used for DNA analyses. Tissue samples from well identified Spanish S. laietanus
were also included (see Appendix ). For DNA extraction, PCR, sequencing and quality con-
trol, we followed Dettai et al. (2011) except for the use of CodonCode Aligner 3.9 (Codon Code
Corporation) for sequence cleaning and control. This yielded two datasets: partial COl gene
(567 pb) and partial rhodopsin retrogene (755 pb), in which we also included some sequences
from other Squalius species available in BOLD and GenBank, as well as Alburnoides, Chon-
drostoma, Leuciscus and Rutilus sequences as outgroups (Perea et al. 2010) (Appendix I). All
new sequences were deposited in the Barcode of Life database (Ratnasingham and Hebert,
2007) with their voucher information. BOLD and GenBank Accession numbers are listed in ap-
pendix. Alignment was performed manually, as neither marker includes indels. Heterozygous
sequences of rhodopsin were separated into the two alleles using as guides homozygote se-
quences (e.g. Sousa-Santos et al., 2005) from the same drainage with SEQPHASE (Flot, 2010)
and PHASE (Stephens et al., 2001). Phylogenetic analyses were performed with Bayesian in-
ference (MrBayes 3.2, Ronquist et al., 2012). For COI, a model computed by JModelTest 2.1.1
(Darriba et al., 2012), and partitioned by codon position was specified, on four analyses with
10 million generations and sampling every 200 generations. For rhodopsin, the dataset was
not partitioned because of the low sequence variability. 10% of trees were eliminated as
burnin after checking convergence. Intra- and inter-specific distances (p-distances) were cal-
culated with the software MEGA 5 (Tamura et al., 2011).

For the COI analysis (Figure 2), there are two distinct haplotype clusters, with almost no
within cluster variability: only one specimen differing by 2 bases (FFFTag10843) in the first
cluster, and in the second cluster one specimen differs by a single base from the others
(FFFTag4180). There are 22 diagnostic sites differentiating the two clusters. The first haplotype
includes specimens from all French drainages including Mediterranean basins. It clusters with
low support (0.58 ppv) with other S. cephalus from Elbe and Danube drainages in Czech
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Figure 1
Location of the 32 sampling sites, showing the presence of Squalius cephalus haplotype (black dots),
and S. laietanus (red dots).

Repubilic. This group also includes a distinct Central European group with S. vardarensis and
S. cephalus (0.91 ppv) from Danube basin. This branch and the S. cephalus sequences differ
by 5 positions. The second haplotype cluster includes Spanish S. laietanus, and samples from
Agly, Tech and Massane drainages (0.69 ppv). It is included into a North Mediterranean group
as the sister group of a Greek chub S. orpheus (1 ppv), and is distant from the Mediterranean
group sensu Perea et al. (2010). Two locations, Agly at Torreilles and the Massane stream,
yielded specimens belonging to both clusters. Central European and North Mediterranean
groups constitute the Euroasiatic group sensu Perea et al. (2010).

Morphological identification of chubs from the principal drainages was done without any dif-
ficulty using the diagnostic characters (Doadrio et al., 2007). However, the specimens from
Agly and Tech basins were more problematic, for both species. Some (morphological char-
acters placed on the COI topology, Figure 2) presented morphological data characteristic of
both species (i.e. subterminal/terminal mouth, presence/absence of faint longitudinal stripes
on flanks). All chubs caught in these Mediterranean basins have 17 pectoral fin rays, the
maximum number for S. cephalus and the minimum for S. laietanus.
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Figure 2

Bayesian tree of the cytochrome c oxidase subunit | (COIl). Numbers on the nodes represent posterior
probabilities. The mean a posteriori values of the parameters are (respectively for first, second and
third codon position): TL = 19.515126; alpha = 94.564172, 99.421936, 76.659005; pinvar = 0.841327,
0.994746, 0.089359. French samples (grey boxes) have drainage indicated. Character states supposedly
specific to S. laietanus are indicated by dots: subterminal mouth (blue), presence of brown pigments on
scales on upper and lower tips of exposed part forming faint longitudinal stripes between scale rows
(white).

There are 9 haplotypes for the rhodopsin dataset (Appendices 2 and 3), mostly represented by
a single specimen, only one (H6) is present in both species and drainages. They correspond
neither to taxonomy nor to geography, and some specimens are heterozygous. This pattern
might be due to incomplete lineage sorting (Edwards, 2009) among other processes, but this
needs further study. Thus, rhodopsin is not a good marker for DNA identification of Squalius
genus.

The COI dataset, like the cyt b dataset (Perea et al., 2010), clearly separates the two species.
More variable nuclear sequences would be needed for further analyses of these species.
Our results corroborate the presence of the Catalan chub in France from the Tech to Agly
drainages (Doadrio et al., 2007), and add a new occurrence in the Massane basin. The two
species are sympatric in Agly and Massane basins, at least at two stations, but currently only
S. laietanus has been identified in the Tech basin. Moreover, some specimens from these
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basins have a mix of diagnostic characters from both species: this might be evidence of
hybridization or introgression between S. cephalus and S. laietanus. Doadrio et al. (2007) sus-
pected exchange of genetic material based on two specimens identified as S. laietanus from
the Agly river with the lower jaw somewhat more developed. Common chub has been largely
transported and introduced since Middle Ages (Keith et al., 2011), and is considered inva-
sive in Ireland, where it is not native (Caffrey et al., 2008). In Spain, S. laietanus is sympatric
with S. pyrenaicus (Gunther, 1868) in the south of Ebro basin (see Doadrio and Carmona,
2006), where introgression is known (Doadrio, pers.com.). In France, introgression has been
described in many cyprinid species (see Keith et al., 2011). Hybridization and introgression
following the introduction of a non-native species are one of the major threats to endemic
freshwater fishes (e.g. Ribeiro and Leunda, 2012). In France, until further data about its pres-
ence in the neighbour basins to the Agly and Tech (Tét and Baillaury drainages), Catalan chub
has only been recorded in three small drainages, where it cohabits with a species with which
it can probably hybridise. The use of appropriate nuclear markers would allow to verify this
hypothesis. To our knowledge, only the Tech basin might shelter S. laietanus and no sym-
patric common chub. It would deserve further investigation and must be preserved from fish
dumping. S. laietanus might therefore deserve a place in the Red List of threatened freshwater
fish in France (Keith and Marion, 2002; UICN France et al., 2010), where it would join the 70%
of extant endemic freshwater fishes in the Mediterranean basin recognized as threatened by
extinction (Ribeiro and Leunda, 2012).

ACKNOWLEDGEMENTS

This work was supported by the Onema, and we are particularly grateful to N. Poulet and
S. Dembski. We thank all the Onema and FNPF agents, and the AAPPMA members for fish
samplings. The ichthyology curators of MNHN and MNCN allowed access to the specimens.
A. Amir helped with extractions and PCRs. This work was supported by the ‘Service de Systé-
matique Moléculaire’ (project @ SPEED-ID “Accurate SPEciEs Delimitation and IDentification
of eukaryotic biodiversity using DNA markers” proposed by F-BoL, the French Barcode of life
initiative).

REFERENCES

Caffrey J.M., Avecedo S., Gallagher K. and Britton R., 2008. Chub (Leuciscus cephalus: a new potentially
invasive fish species in Ireland. Aquatic Invasions, 3, 201-209.

Darriba D., Taboada G.L., Doallo R. and Posada D., 2012. jModelTest 2: more models, new heuristics
ans parallel computing. Nat. Methods, 9, 772.

Dettai A., Lautredou A.-C., Bonillo C., Goimbault E., Busson F., Causse R., Couloux A., Cruaud C.,
Duhamel G., Denys G., Hautecoeur M., Iglesias S., Koubbi P., Lecointre G., Moteki M., Pruvost P.,
Tercerie S. and Ozouf C., 2011. The actinopterygian diversity of the CEAMARC cruises: Barcoding
and molecular taxonomy as a multi-level tool for new findings. Deep-Sea Research Il, 58, 250-263.

Doadrio |. and Carmona J.A., 2006. Phylogenetic overview of the genus Squalius (Actinopterygii,
Cyprinidae) in the Iberian Peninsula, with description of two new species. Cybium, 30, 199-214.

Doadrio I., Kottelat M. and de Sostoa A., 2007. Squalius laietanus, a new species of cyprinid fish
from north-eastern Spain and southern France (Teleostei: Cyprinidae). Ichthyol. Explor. Fres., 18,
247-256.

Edwards S.V., 2009. Is a new and general theory of molecular systematics emerging? Evolution, 63,
783-791.

Flot J.-F.,, 2010. SEQPHASE: a web tool for interconverting PHASE input/output files and FASTA se-
quence alignments. Mol. Ecol. Res., 10, 162-166.

Keith P. and Marion L., 2002. Methodology for drawing up a Red List of threatened freshwater fish in
France. Aquat. Conserv.: Mar. Freshw. Ecosyst., 12, 169-179.

04p5



G.P.J. Denys et al.: Knowl. Managt. Aquatic Ecosyst. (2013) 408, 04

Keith P, Persat H., Feuteun E. and Allardi J., 2011. Les Poissons d’eau douce de France, collection
Inventaires & biodiversité, Biotope Editions, Publications scientifiques du Muséum, 552 p.

Kottelat M. and Freyhof J., 2007. Handbook of European freshwater fishes, Publications Kottelat,
Cornol, 646 p.

Perea S., Bshme M., Zupancic P, Freyhof J., Sanda R., Ozulug M., Abdoli A. and Doadrio I.,
2010. Phylogenetic relationships and biogeographical patterns in Circum-Mediterranean subfam-
ily Leuciscinae (Teleostei, Cyprinidae) inferred from both mitochondrial and nuclear data. BMC
Evol. Biol., 10, 1-27.

Ratnasingham S. and Hebert P.D.N., 2007. BOLD: The Barcode of Life Data System (www.barcodinglife.
org). Mol. Ecol. Notes, 7, 355-364.

Ribeiro F. and Leunda PM., 2012. Non-native fish impacts on Mediterranean freshwater ecosystems:
current knowledge and research needs. Fish. Manag. Ecol., 19, 142-156.

Ronquist F., Teslenko M., van der Mark P, Ayres D.L., Darling A., H6hna S., Larget B., Liu L.,
Suchard M.A. and Huelsenbeck J.P,, 2012. MrBayes 3.2: Efficient Bayesian Phylogenetic Inference
and Model Choice across a Large Model Space. Sys. Biol., 61, 1-4.

Sousa-Santos C, Robalo J.I., Collares-Pereira M.-J. And Almada V.C., 2005. Heterozygous indels as
useful tools in the reconstruction of DNA sequences and in the assessment of ploidy level and
genomic constitution of hybrid organisms. DNA Seq., 16, 462-467.

Spillmann C.J., 1961. Poissons d’eau douce de France, Faune de France, P. Lechevalier, Paris, 303 p.

Stephens M., Smith N.J. and Donnelly P, 2001. A new statistical method for haplotype reconstruction
from population data. Am. J. Hum. Genet., 68, 978-989.

Tamura K., Peterson D., Peterson N., Stecher G., Nei M. and Kumar S., 2011. MEGAS5: Molecular
Evolutionary Genetics Analysis using Maximum Likelihood, Evolutionary Distance, and Maximum
Parsimony Methods. Mol. Biol. Evol., 28, 2731-2739.

UICN France, MNHN, SFI and ONEMA, 2010. La liste rouge des espéces menaces en France, Chapitre
Poissons d’eau douce de France métropolitaine. Paris, 12 p.

04p6


www.barcodinglife.org
www.barcodinglife.org

Knowl. Managt. Aquatic Ecosyst. (2013) 408, 04

G.PJ. Denys et al.:

aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aoue.l4
aouel4
aouel4
aouel4
aoue.l4
aoue.l4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4
aouel4

90n0g
xnoiq
[pUOQUED-8|-UIINO\
Azewoy
BUUBIA\-INS-BXIY
J9l|IV P BUSOD
UoeH-juleS
z97-9]-sepeld
oBJO|4
oBJO|4
ung
aneqiy
aneqiy
ueubisuy
ueubisuy
ueubisuy
ueubisuy
ueubisuy
ueubBisuy
ueubisuy
ueubisuy
ueubisuy
19llInous4-sp-|ned-1ules
19llInous4-dp-|ned-jules
19llInous4-sp-|ned-jules
19llInous4-dp-|ned-jules
19llInous4-sp-|ned-jules
90UBI{-9p-IN0JET
aJauino| e
S9[|184401
s9||181401
S9[|184401
ueiquien 18 oeubneg
ueiquien 18 oeubneg

(e4107) BUUBIEA
(e4107) sWWBS
(e4107) sypeS
uousanon
(24107) @0UBINY
(@4107) @0UBWINY
(ea107) JolIY
zo7
(suuouen)) uouse|
(suuouen)) uouse|
(ouuoJen) aiknoonoq
(epny) naiqi0
(epny) nalquo
(AiBy) x1s9Q
(AIby) x1seQ
(AIBy) x1seQ
(AiBy) x1s9Q
(AIby) x1seQ
(AiBy) x1s9Q
(AIby) x1seQ
(AiBy) x1s9Q
(AiBy) x1s9Q
(A)py) suezinog
(A)by) suezinog
(A)Py) suezinog
(A)by) suezinog
(A)Py) suezinog
KBy
A By
ABy
A By
ABy
(Inopy) An7
(Inopy) An7

LG0GSEOM

8G09SEOM

790GSEOM
65095E€OM
890GGE€OM

Gr0GSEOM
970GGEOMA

6709SEOM
€G0GGEOM
c0GGEOM
£90GGE€OM
6€095E€OM
9G09SEOM
7S0GGEOM
8709GEOM
690GGE€OM
0r0G9SEOM
C¢S055EOM

090GSE€OM
G90GGEOM
2G0GSEOM
0S0G9SEOM
E€r09SEOM
2¢90GGEOM

8867SGEOM
¢00GSE€OM
L667SEOM
2c667SEOM
€667GEOM
66675GEOM
700GSEOM
0667SEOM
L LOSSEOM
G00GSEOM
£L10GGEOM
GL6¥GEOM
600GGEOM
€867GEOM
7867SEOM
¢10GSEOM
1867GEOM
86675EOM
9/6¥SEOM
9109GEOM
¢L6YSEOM
000GSE€OM

9867SEOM
8109GEOM
€L67GEOM
9667SEOM
2867SEOM
9005GEOM
7109GEOM
L00SSEOM
16675E0M
L16VSEOM
800GSEIM

¥52016e1444
G6 L0e1d44
652016e1444
89/016e1444
8geibeid-d
cehberd44
0%2016e1444
Lzeybel444
L80vbe1444
08001444
/y0t0e1d44
9zetbeldd
Geetberd44
S0 LyPe1d44
850t0e1444
950t0e1444
L2L0L6e1d44
02.016e1444
612016e1444
81/016e1444
,1201Be1444
91/016e1444
ZL2016e1444
L1L201Be1d44
0+2016e1444
60.016e1444
80/016e1444
60 L70e1444
gsoybeid44
12/016e1444
92/016e1444
Gg/01be1444
0geibeidd
622beid4d

¢16-110¢ NHNIN
¥7101-0L0¢ NHNI
¢¢6-110¢ NHNIN
Y16-F10¢ NHNIN
8€01-010¢ NHNI
L/Z1-110Z NHNIN
818-110¢ NHNIN
€G¢-110¢ NHNIN
0¥81-0L0¢ NHNI
0v81-0L0¢ NHNI
7€81-010¢ NHNIN
¥G¢-110¢ NHNIN
¥G¢-110¢ NHNIN
€67-010¢ NHNIN
8€81-010¢ NHNIN
8€81-010¢ NHNIN
€¢8-110¢ NHNIN
€¢8-110¢ NHNIN
€¢8-110¢ NHNIN
€¢8-110¢ NHNIN
€¢8-110¢ NHNIN
€¢8-110¢ NHNIN
G¢8-110¢ NHNIN
G¢8-110¢ NHNIN
G¢8-110¢ NHNIN
G¢8-110¢ NHNIN
G¢8-110¢ NHNIN
26¥-010¢ NHNIN
9€81-010¢ NHNIN
228-110¢ NHNIN
2¢8-110¢ NHNIN
228-110¢ NHNIN
Gc01-010¢ NHNIN
Gc01-010¢ NHNIN

snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g

‘1 xipuaddy

04p7



Knowl. Managt. Aquatic Ecosyst. (2013) 408, 04

G.PJ. Denys et al.:

olgndaJ yoszo
oligndau yoszo
olgndaJ yoszo
oligndau yoszo
olgndaJ yoazo
oligndau yoszn
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel
aouel

s9||181i0]
aul3
S8UIBIUOH-SBP-SIUSD)-1S
s9|ebiy
so|ebuy
s9|ebiy
s9|ebiy
so|ebuy
s9|ebiy
so|ebuy
19||Inousy}-ap-|ned-jues
s9||181i0]
s9||181i0]
CIIRERIETN
auleS-INg-poN
aulpg-Ins-Aeuidg
wodwe|oy
senbnop
ayono-Ins-Aainal4
Bureseg-jules
S9IAIN
Bssneisno)
BsSSNesno)
uey|IND-oeublIag-XNoYUQO
sleJaziew-1o-Aassy
s9|ebiy
uoBinog

elelely|
(Awen) wep
alAg
alhg
alAg
BAD9g
AIBy
yoal
(yoal) uehuel
auesseN
auesse|N
auesseN
auesseN
auesse|\
auesseN
auesse|\
(A1By) suezinog
AIBy
AIBy
SETEEN
aules
aules
(ouresg) auiepy
(euoyy) senbnor ep |eay
(euoyy) ayono
(euoyy) ureio
(euoyy) esses o7
(epny) sjes o7
(epny) sles o7
(e4nopIp) uolnan
(uyy) pe ep 1dny
auesseN
(e4107) BUEIIA

8€09SEOM
£20GGE€OM
GL0GSEOM
8.0GGE€OM
180GSEOM
720GGEOM
€80GGEOM
€20G95E€OM
¢L0GSEOM

L80GGEOM
GE0GSEOMA
9€09SEOM

VAVS[E1%0)]
I70SSEOM
€90GGEOM

990G5E€OM
F90SSEOM

Y70GGEOM

81760960H
9/90960H

8060960H
LL6¥7SEOM
G20GGEOM
720GGEOM
9¢09GEOM
£20GSE€OM
€20G5EOM
620GGE€OM
¢c0GSEOM
120GSEOM
610GSEOM
0467SE€OM
89617GEOM
6967GEOM
G667GEOM
G867GEOM
7667SEOM
8.67GEOM
V.6VSEOM
010GSEOM
G1L0GSEOM
£L00GSEOM
6867GEOM
08675EOM
6.67GEOM
€00GSE€OM
18675EOM
€10G5EOM

62803704
L2503Z04I
9100+3Z04I
G100+3Z04I
¥100L3Z04I
€8/03Z04l
¥2/016e1444
08 0e1d44
2l ybeid44
62 L0e1d44
6901081444
890t0e1444
190t0e14-44
99001444
S90t0e1444
901081444
10/016e1444
€2/01be1444
2cl01ber444
G980 16e1444
90vt0e1d44
esetbeld44
218016e1444
90/016e1444
86¢t0e1d44
61y0eid44
GlL/01bBe1444
90¢tbeId44
sogtberd44
ogetbeld44
€780 1.6e1444
LZ1ybe1444
19/016e1444

2¢8-110¢ NHNIN
¥66-010¢ NHNIN
00S-010¢ NHNIN
21G-010¢ NHNIN
L€81L-010C NHNIN
L€81-010C NHNIN
L€81-010C NHNIN
L€81L-010C NHNIN
L€81-010C NHNIN
L€81L-010C NHNIN
8¢8-110¢ NHNIN
9¢8-110¢ NHNIN
9¢8-110¢ NHNIN
GELE-110¢ NHNIN
¥6€-110¢ NHNIN
G€¢-110¢ NHNIN
€98-110¢ NHNIN
0€8-110¢ NHNIN
Olv-E10Z NHNIN
L6€-110¢ NHNIN
¥¢8-110¢ NHNIN
€2¢-110¢ NHNIN
€.¢-110¢ NHNIN
8¥¢-110¢ NHNIN
868-110¢ NHNIN
60G9-010¢ NHNIN
816-110¢ NHNIN

snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snuejale| ‘Jo 'S
snuejale| 'S
snuejale| 'S
snuejale| 'S
snuejaje| 'S
snuejale| 'S
snuejale| 'S
snuejale| 'S
snuejale| 'S
snuejaje| 'S
snjeydas "jo 's
snjeydad 4o ‘s
snjeydad *Jo ‘s
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g
snjeydad ‘g

‘penupuo) | xipuaddy

04p8



Knowl. Managt. Aquatic Ecosyst. (2013) 408, 04

G.PJ. Denys et al.:

Arey L'/GE09GINH 6S6E1VNONIN snjenbs °g
jebnyuod ole] 1 2vv661LN3 snojeualAd ‘s
eisy JoulN 1'0GE09GINH ZSNTVYHJIONONIN s|jejuaLIo 'S
oleupY 1'67€09GINH 7ESOGNONI sidsjoso1w g
uredsg sinleg (8469g) qi0D 080SSEOM G6eV-d444 SBEYNONIN snuejele| 'S
uredsg |oJend el0n |3 6,0G5€0M 20ev-444 Z02YNONIN snuejare| ‘s
uredsg adseuoN (04q3) eAuereley 120GSEDM 69GVY-444 B69SVYNONIN snuejsie| 'S
uredsg adseuoN (0193) eAuesierey 280650 820GSEOM 29SV-444 Z9SVYNONIN snuejare| ‘s
uredsg adseuoN (0193) eAuelierey 9/0SSE0M 09GV-444 09SYNONIN snuejale| 'S
uredg adseuoN (04q3) eAuerele 0/0SSEOM 020S5EOM 9GGY-444 9GSVNONIN snuejsie| 'S
oleupY L'¥¥E€09GINH FYNILIONONIN SnouAll °S
uredg el L'2¢yE09SNH 6S.21VNONIN nJayjoles s
[eBnuod (epeiy) 21916}y L'0¥E€09SINH 2L2LIYNONIN sisuspese ‘s
[ebnyod ole| L Hv661LN3 seplouinqje ‘s
oligndai yoszy (exsunesp) enoeg 6060960H 68/03Z04l snjeydad g
oligndai yoszH BY)jeIAg €90960H 00+03Z04l snjeydsd g
olgndai yosz9 eAezeg 8890960H 9£503Z04l snjeydso g
oligndai yoezH mojjno yud pues 912013204l snjeydsd g
ollgndai yoszH 80IABNISO 6080960OH 87903704l snjeydad s
ollgndal yosezo 80110 /890960H G£503Z04! snjeydsd g
oligndai yoszH eABS|O 9260960H 0803204 snjeydsd g
oligndaJ yosz9 80UBN|UOD ™ BABIOYXBIUO 610+960H 20603704l snjeyded g
oligndai yoezH alyo £860960H 59803704 snjeydsd g
olgndai yosz9 eABIPO 020+960H £0603Z04! snjeyded g
o__Qso_o._ yoozyo BABION 090013704l mENQQOO ‘S
o__Qjam‘_ yooezyn BABION 6S001L3Z04I m=~m£QwO S
o__Qjam‘_ yooezyH BABION SL00L3Zo4I m=~m£QwO S
oligndai yoszH BARIOIN S660960H 8/803Z04l snjeydsd g
ollgndai yoszH 8o1uzn 812013704l snjeyded g
oligndai yoszH euign’ I L80960H 0890304l snjeydsd g
oligndai yosz9 euignT 0180960H 6.903Z04! snjeyded g
ollgndal yoszg ooqI] 6760960H 0£803Z04! snjeydsd ‘g

‘panuiuoy) “L xipuaddy

04p9



G.P.J. Denys et al.: Knowl. Managt. Aquatic Ecosyst. (2013) 408, 04

aoueR.4
8oueBl4
8oueBl4
aoue.4
8ouBl4
809815
9000915
800015

ueiquwe) 18 oeubneg
8UIS-ING-PON
9oURI{-8p-IN0JET
BUUBIA-INS-8XIy
uoeH-1ueS

(4nopy) An7
aules
AIBy
(24107) @0UBINY
(a107) S0l
(exe] 1ueJsi0Q) BWaI OEBBIN
(1x1IN) edseud
OXe| lUIoY

(uiseg) weans

7€0GGEOM
€E09GEOM
2¢E09GEOM
L€0GGEOM
0€095GEOM

uisdopoyy

L967GEOM
99617SEOM
G967GEOM
7967SEOM
€96175EOM
,6/.0090H
¢6.0090H
}6.0090H
100

JaquinN UOISSa29Y yueguan

Ggeybeld44
80t t0e1d44
190y 6e1444
9geybel444
£v/016e1444
95-90HLNV
062-0LHLNY
/22-80HLNY

alog

8¢01-010¢ NHNI
96€-110¢ NHNIN
0€81-010¢ NHNIN
¥G01-0L0¢ NHNI
1¢8-110¢ NHNIN

Jaquinu bojeyen

snjinJ snipny

SN2sIoNaj sSNIsONay
sisuajebiping snasonNay
snseu ewo}soJpuoy?d
snjejoundiq seplouinqy
sisualep.ien 'S
sisuadsaud ‘g

snayd.o ‘s

saloadsg

‘panunuo) L xipuaddy

04p10



Knowl. Managt. Aquatic Ecosyst. (2013) 408, 04

G.PJ. Denys et al.:

L 1ppe6LN3

a9 egezybed

snuD}aID| S
+
snjpydad snijpnbs

00

6 adAjoideH —

g adAjoideH ]

J adfjodeH

9 adAjodeH B

G adAjoideH

1 adAjoideH

¢ adAoideH
Z adfodeH
| edAjodeH

SeevPREASINN SNjipNy R
snseu mEoﬁQb:oﬁ§|_w8|

1 zrve6Ln3 snojeusiAd snijenbg —————————
J

260

sapiowingje snijenbs

80v¥Pelddd SNISIoNa| SNASIoNa] —

[}

loovBeiddd - SysuaebipINg snosiona] — +

er01Be1431 - smpejounalq Saplowingyy

'1/eev/°0 =Jeauid  8Glzzz 0= (VId  08r¥62°0 = (D)iId

£¥G900°0 = (L<->H)  96/+90°0 = (L<->D)

80££20°0 = (L<->WM

069680 = (9<->¥)

£€66¥82°0 = (D)d 6088610 = (W)id

£90900°0 = (9<->J)
68£200°0 = (D<->W)
LLE00Z'C =L - 8le

siejowrled ay) Jo senjeA ousisod e ‘seiljiqeqo.d JoLsisod jussa.idal Sepou 8y} Uo Siequiny “payoeal ussq pey abusbiaAuoo Buyosyd Joye uiuInNg Se pap.iedsip alom
$88.) 8} JO %01 (ZL0Z “Ie 18 Bqleq) L L g 1Seepo! Aq pejosjes se jepow | + H15 & yum ‘suoneisushb 090G Aiers buiduwes yum suoneisush uoljiu o) uo uni sesAjeue
Juspuadapul ¢ Jo Snsussuod Ayiofew e s| 8aJ) 8y "SNUBBIE| 'S + snjeydso snijenbg yous.y jo sadAjojdey susbodjal uisdopoy Jesjonu ayj jo 8aJ) ueisefeg g xipuaddy

04p11



Knowl. Managt. Aquatic Ecosyst. (2013) 408, 04

G.PJ. Denys et al.:

4 uo (puoyy) esseg o7 190GSEOM «SL/016e1444 | snjeydeo s
2 uo suesse|\ 7¥0SGEOM LLgLyPe1dd4 snjeydad ‘s
4 uo (84107) ®OUBINY L G0GSEOM .82grbeldd snjeydad ‘g
L ug (a1107) Jol|IY 850SSEOM or.0Lbel444 | snjeydso s

uo (euuoJten) uousel 90SSEOM 8010144 snjeydad ‘g

ug (euuoten) uousel 65S0SSEOM 080%6e1444 snjeydad '
L uy (euuoJen) a1knojonoq 890S5£OM L¥0v6e1444 snjeydao ‘g
4 up (A1By) x1se@ S70SSEOM S0 Peid4d snjeydad ‘g
4 up (A1By) x1se@ 970SSEOM 850+0e1444 snjeydad ‘g
! ug (A1By) x1se@ 670SSEOM L220L6eid44 snjeydad ‘g
2 ug (A1By) x1se@ £50GSEOM 02.016e1444 snjeydad ‘s
2 ug (A1By) x1se@ Z2r0SSEOM 612016B1444 snjeydad ‘g
2 ug (A1By) x1se@ 190GSEOM 812016e1444 snjeydad ‘g
2 ug (A1By) x1se@ 6E£0SSEOM ,12016e1444 snjeydad ‘s
2 ug (A1By) x1se@ 9505SEOM 912016B1444 snjeydad ‘g
! ug (A1By) suezjnog #S0SSEON gL2016e1444 snjeydad ‘g
4 up (A|By) suez|nog 870SSEOM LL20LBeId44 snjeydad ‘g
! ug (A|By) suez|nog 690SSEOM 0L2016e1444 snjeydad ‘g
! ug (A|By) suez|nog 070SSEOM 60.01.6e1444 snjeydad ‘g
4 up (A|By) suez|nog 2S0SSEOM 80./01.6e1444 snjeydad ‘g
4 up (A|By) suez|nog /E0SSEOM £0/016e1444 snjeydad ‘g
2 up KBy 090SSEOM gsovbeid4d snjeydad ‘g
4 up AiBy G90SSEOM /2/016e1444 snjeydad ‘s
4 uo Ay /S0SSEOM 92.016e1444 snjeydad ‘g
4 uo Ay 0S0SSEOM Gz/,016erd44 snjeydad ‘g
4 uo Ay 8E£0SSEOM ¥2.016e1d44 snjeydad ‘g

uo (dnopy) An7 £70SSEOM 0gzybelddd snjeydad ‘g
4 uo (4Inopy) An 290SSEOM .622ybe1444 snjeydad ‘s

'€ xipuaddy

04p12



Knowl. Managt. Aquatic Ecosyst. (2013) 408, 04

G.PJ. Denys et al.:

's91064Az0Ja18y Wou) so|9||e a1esedas 01 sepinb se pasn alom osllse ue Ag payew saousnbag

2 uo (01g3) eAueiiereN 120SSEOM 695V-444 snuejsje| 'S
4 up (0193) eAueLIEIEN 2809GEOM 29SV-444 snuejale| 'S
4 up (0193) eAueLIEIEN 9/0GSEOM 095V-d44 snuejale| ‘s
4 ug (0193) eAueLIEIEN 0/0GSEOM 95GV-444 snuejale| 'S
4 up (e4608) q109 080SSEOM S6EV-d444 snuejale| 'S

uo elo0n |3 6/.0GSEOM 20gv-444 snuejale| 'S
4 uo yoaL //0GSEOM 081vbe1444 snuejale| 'S
L uy (yosy) LeAuel G/0SSEOM 2l Lyberd44 snuejsje| ‘s
4 ug auesselN 8/0GSEOM 62 Lbe1444 snuejaie| ‘s
4 ug auesseN L80SSEOM 69076e1444 snuejaie| ‘s
4 ug auesseN ¥/0GSEOM 890v6e1444 snuejaie| ‘s
4 ug auesseN £80GSEOM 290v6e1444 snuejaie| ‘s
4 ug auesselN £/0GSEOM 990v6e1444 snuejaie| ‘s
4 ug auesseN 2.0SGEOM 590v6e1444 snuejaie| 'S

ug KBy GE0SSEON £2/016e1444 snjeydad 4o s
! ug KBy 9£0S5E0M gcl0lbeid44 snjeydad 4o s
! ug auleg /70GSEOM 90y vbe1444 snjeydad ‘g
! up (euoyy) senbnor ep |eay L 70SSEOM 90.01.6e1444 snjeydad ‘g
! ug (eUoyy) eyonQ £90S5E0M 86£t0e1d4 snjeydad ‘g

ug (eUoyy) uresQ 99055E0M 6L yoeid4d snjeydad ‘g

‘panuiuoy) g xipuaddy

04p13



	Status of the Catalan chub Squalius laietanus (Actinopterygii, Cyprinidae) in France:  input from morphological and molecular data
	Acknowledgements
	References

