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Abstract: The entire sequence of the mitochondrial cytochrome b gene and 2 partial sequences of the ribo- 

somal RNA12S and 16S genes have been used to study the molecular phylogeny in 10 species of soles belonging 

to the genera Solea, Monochirus, Microchirus, Dicologlossa, and Synaptura from the Atlantic waters of the Gulf 

of Cádiz (Spain). The results obtained by means of different phylogenetic analyses (maximum likelihood, 

maximum parsimony, and neighbor-)oining) were quite similar, supporting the monophyly of the Solea 

species. Nevertheless, they favor the differentiation of Dicologlossa cuneata and Dicologlossa hexophthalma in 2 

distinct genera, since the most closely related species to the last one is Microchirus azevia. The fact that M. 

azevia is also more closely linked to Monochirus hispidus than to its congeneric Microchirus boscanion argues in 

favor of a taxonomic reorganization of these genera.
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In t r o d u c t io n

Soleidae are benthic flatfishes that share several m orpho­
logic characteristics. They have both eyes on the right side 
of the body, with the body oval in outline and strongly 
compressed, and the preoperculum covered by skin and 
scales (Quéro et al., 1986; Bauchot, 1987). They preferen­
tially inhabit sandy or sand-mud bottoms of the continental 
shelf and slope, from close to shore down to 1300 m, 
feeding mainly on a wide range of small bottom-living 
organisms like crustaceans, mollusks, and marine worms
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(Quéro et al., 1986). Seven genera with 17 different species 
are distributed in the northeastern Atlantic and the Medi­
terranean (Quéro et al., 1986). In the Atlantic waters of the 
Gulf of Cádiz, the area where this survey is focused, Soleidae 
are represented by 6 different genera including 14 species: 
Buglossidium (B. luteum ), Solea (S. vulgaris, S. senegalensis, 
S. lascaris, S. kleinii, and S. impar), Microchirus (Aí. azevia, 
Aí. boscanion, Aí. ocellatus, and M. variegatus), Monochirus 
(M  hispidus), Synaptura (S. lusitanica), and Dicologlossa (D. 
cuneata and D. hexophthalma) (Quéro et al., 1986; Bauchot, 
1987). Most of them have high commercial value in Spain, 
including common sole, Klein’s sole, sand sole, Senegalese 
sole, wedge sole, bastard sole, or the six-eyed sole.

Traditional systematic studies of the Soleidae have 
been based on morphologic features. In this sense the re­
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suits of several authors showed great differences in the 
number and nomenclature of taxa depending on the rele­
vance assigned to the characters used (Bini, 1968; Torchio, 
1973; Tortonese, 1975; Quéro et al., 1986; Bauchot, 1987; 
Ben-Tuvia, 1990). W ithin the genus Solea there was a 
classic subdivision into 2 subgroups based on the shape of 
the anterior nostril on the blind side: Pegusa-like (nostril 
enlarged) and Solea-like (nostril not enlarged). The first 
one included 4 species: S. kleinii, characterized by a cupola- 
shaped nostril, and S. nasuta, S. lascaris, and S. impar, with 
a rossete-shaped nostril. In contrast, the species S. vulgaris, 
S. aegyptiaca, and S. senegalensis were included in the Solea- 
like subgroup on the basis of a normal-shaped nostril 
(Quéro et al., 1986; Bauchot, 1987). Nevertheless, further 
reappraisals based on morphologic data (Ben-Tuvia, 1990) 
and mitochondrial DNA (mtDNA) partial sequences of the 
cytochrome b (cytb) and ribosomal RNA 16S genes (Tinti 
and Piccinetti, 2000) supported a taxonomy in which only 
4 species are maintained: S. vulgaris, S. senegalensis, S. 
kleinii, and S. lascaris, each branching off independently 
from a common ancestor. However, some authors argued 
later in favor of maintaining S. aegyptiaca and S. impar as 
valid species according to morphologic and phylogenetic 
data (Borsa and Quignard, 2001). So, this issue remains 
controversial.

In the case of the genus Microchirus, the 2 species 
analyzed show enough morphologic differences to be easily 
distinguished. The species M. boscanion shows small dark 
cross-bands on the body, ending in conspicuous dark 
patches on dorsal and anal fins. On the contrary, in M. 
azevia these bands are absent, though ocassionally juveniles 
can present some large indistinct spots (Quéro et al., 1986; 
Bauchot, 1987). The genus Monochirus, only represented by 
the species M. hispidus, is characterized by the lack of a 
pectoral fin on the blind side, and by the presence of a 
nostril on the eyed side that is tubular shaped and very 
long, usually reaching to the pupil of the lower eye (Quéro 
et al., 1986; Bauchot, 1987). The genus Synaptura is also 
represented by only one species, S. lusitanica, characterized 
by the presence of dorsal and anal finrays confluent with 
the caudal fin (Quéro et al., 1986; Bauchot, 1987).

The genus Dicologlossa groups 2 very different species 
in appearance, D. hexophthalma and D. cuneata. The for­
mer presents on the eyed side a series of characteristic 
conspicuous black spots ringed by a narrow light border 
(named ocelli), 3 along the dorsal fin and 3 along the anal 
fin (Quéro et al., 1986; Bauchot, 1987). The second of the 
species, D. cuneata, does not show any kind of ocelli, but

has a body elongate and the supratemporal branch forming 
an angular S-shape characteristic of the genus (Quéro et al., 
1986; Bauchot, 1987).

Several morphologic studies have focused on defining 
the phylogenetic relationships of flatfishes (Chapleau, 1993; 
Hensley, 1997; Cooper and Chapleau, 1998a, 1998b; 
Hoshino and Amaoka, 1998; Hoshino, 2001). These surveys 
have been complemented with others based on enzyme 
polymorphisms (Verneau et al., 1994; Kotoulas et al., 1995; 
Borsa et al., 1997; Exadactylos and Thorpe, 2001). Never­
theless, it seems clear that the development of molecular 
techniques based on DNA could help to elucidate some 
controversial aspects of flatfish systematics. So, analyses of 
mitochondrial markers, including slowly evolving rRNA 
genes (Berendzen and Dimmick, 2002) and the highly 
variable mtDNA control region (Tinti et al., 1999), have 
been applied to the establishment of phylogenetic relations 
between flatfishes belonging to different families. More 
specifically, partial sequences of the cytb and ribosomal 
RNA 16S mitochondrial genes have proven to be useful in 
the analysis of the systematics between several species of 
Mediterranean soles (Tinti et al., 2000) and between Atl- 
anto-Mediterranean Solea species (Tinti and Piccinetti, 
2000).

The aim of this work was to assess the phylogenetic 
relationships among 10 species belonging to 5 different 
genera of the family Soleidae. All these species inhabit the 
Atlantic waters of the Gulf of Cádiz (Spain), and some of 
them have high commercial value. In each case we have 
obtained the entire sequence of cytb gene, and a partial 
sequence of the 16S and 12S rRNA genes. The results of the 
molecular analyses have been evaluated in relation to others 
previously published.

M a t e r ia l s  a n d  M e t h o d s

All species included in the present study (Table 1) were 
collected during monthly samplings of demersal fishes 
carried out as a part of the scientific project “Fisheries 
Resources of the Gulf of Cádiz” , supported by the “Con­
sejería de Agricultura y Pesca” of the “Junta de Andalucía” 
(Spain). Soles were classified according to Bauchot (1987). 
A muscular portion of each of the specimens was excised 
and kept at -80°C. Total genomic DNA was isolated from 
150 mg of the tissue using FastDNA kit for 40 seconds and 
speed setting 5 in the Fastprep FG120 instrument (BiolOl, 
Inc.). All DNA isolation procedures were performed fol­
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Table 1. Species o f Soleidae Included in the Analysis

Species Author, Year Comm on name

Solea lascaris Risso, 1810 Sand sole
Solea senegalensis Kaup, 1858 Senegalese sole
Solea vulgaris Quensel, 1806 Common sole
Solea kleinii Risso, 1827 Klein’s sole
Microchirus azevia Capello, 1867 Bastard sole
Microchirus boscanion Chabanaud, 1926 Lusitanian sole
Monochirus hispidus Rafinesque, 1814 Whiskered sole
Dicologlossa cuneata Moreau, 1881 Wedge sole
Dicologlossa hexophthalma Bennett, 1831 Six-eyed sole
Synaptura lusitanica Capello, 1868 Portuguese sole

lowing the manufacturer’s protocol. Polymerase chain 
reaction (PCR) was carried out in a 25-pl reaction volume 
containing 16.75 pi sterilized distilled water, 2.5 pi deoxy- 
nucleoside triphosphate (dNTPs 10 mM), 2.5 pi of lOx 
buffer, 1 pi MgCl2 (50 mM), 0.5 pi each primer (10 pM), 
and 0.25 pi Bio Taq DNA polymerase (Bioline). All primers 
were designed using the software Oligo Version 6.82 
(Medprobe). Fragments of the rRNA 12S gene were 
amplified using the forward primer 12S»1 ( 5 ' - g a c  

a g c t a c g a c a c a a a c t g c g a t t a g a t a c c - 3 ' )  and the reverse 
prim er 12S«2 ( S ' - t g c a c c t t c c a g t a c a c t t a c c a t g t t a c g a c - 

3'). For the rRNA 16S gene, the prim ers used were 16S«1 
( 5 / - c c t c g c c t g t t t a c c a a a a a c a t c g c c t c - 3 / ) as forward, and 
16S«2 ( 5 / - t a a t a g c g g c t g c a c c a t t a g g a t g t c c t g - 3 / ) as re­
verse. The therm al cycle profile for rRNA genes was 30 
cycles of dénaturation at 96°C for 30 seconds, annealing 
at 60°C for 30 seconds, and extension at 72°C for 1 
m inute. For the cytb gene the prim ers used for each of 
the species are given in Table 2. In the cases of S. lascaris, 
S. senegalensis, and S. kleinii, it was necessary to  amplify 2 
overlapping products to obtain the complete sequence of 
the gene. PCR conditions were similar as those used for 
rRNA genes, differing only in  the annealing tem perature 
(see Table 2) and the extension tim e of 90 seconds in ­
stead o f 1 m inute. PCR products were electrophoresed 
on a 2% agarose gel and visualized via ultraviolet tran- 
silum ination before sequencing.

Double-stranded DNA products were purified using a 
PCR product purification kit (Marlingen Bioscience) and 
subsequently used for direct cycle sequencing with BigDye 
Terminator Version 3.1 kit (Applied Biosystems). All 
sequencing reactions were performed according to the 
manufacturer’s instructions on a 377 DNA sequencer

(Applied Biosystems). Primers used were the same as those 
for PCR.

Nucleotide sequences were analyzed using the com­
puter programs Sequencing Analysis Version 3.4.1 (Applied 
Biosystems) and Seqman Version 5.51 (DNASTAR), and 
further aligned with the Megalign 5.51 package (DNAS­
TAR). The sequences obtained have been deposited in 
GenBank/EMBL/DDBJ with the following accession num ­
bers: AB125234 to AB125244 (rRNA 12S), AB125245 to 
AB125255 (rRNA 16S), AB125325 to AB125335 (cytb). 
Amino acid cytb sequences were translated from nucleotide 
sequences applying vertebrate mitochondrial DNA genetic 
code.

The base compositional bias (Irwin et al., 1991) for 
each species was calculated for the 3 mitochondrial frag­
ments, and for each codon position of cytb sequences. In 
order to assess if transitions reached saturation in the 
compared species, the num ber of substitutions was plotted 
against uncorrected genetic p-distance for each pairwise 
ingroup comparison.

The Modeltest Version 3.06 software (Posada and 
Crandall, 1998) was employed as a guide to determine the 
best-fit maximum likelihood (ML) model as described by 
Cunningham et al. (1998). Additionally, ML, maximum 
parsimony (MP), and neighbor-joining (NJ) (Saitou and 
Nei, 1987) analyses were carried out both on individual and 
on combined data sets using PAUP*4.0bl0 (Swofford, 
2000). The degree of confidence assigned to nodes in trees 
was determined by bootstrapping (Felsenstein, 1985) with 
2000 replicates (Hedges, 1992). The MP analyses were 
performed applying the heuristic search option with tree 
bisection-reconnection (TBR) branch-swapping and 1000 
random-taxon-addition replicates. Heuristic MP bootstrap
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Table 2. Primers Used to Obtain the Entire Sequence of the cytb gene for each species

Species Forward/reverse Annealing temp. (°C)

Solea lascaris G lu»l/cytb»2, cytb»l/12S»4 Glu»l/cytb.2 50, 60
Solea senegalensis G lu»l/cytb»2, cytb»l/12S»6 Glu»l/cytb.2 60
Solea vulgaris G lu»l/Thr»2 Glu» l/cytb.2 60
Solea kleinii G lu»l/cytb»2, cytb»3/12S»4 Glu» l/cytb.2 50, 58
Microchirus azevia G lu»l/Thr»2 Glu» l/cytb.2 56
Microchirus boscanion G lu»l/Thr»2 Glu» l/cytb.2 50
Monochirus hispidus G lu»l/Pro»2 Glu»l/cytb.2 50
Dicologlossa cuneata G lu»l/Pro»2 Glu»l/cytb.2 50
Dicologlossa hexophthalma G lu»l/Thr»2 Glu» l/cytb.2 56
Synaptura lusitanica G lu»l/Pro»2 Glu»l/cytb.2 54
Platichthys flesus
G lu»l
Thr»2
Pro»2
cytb»l
cytb»2
cytb»3
12S»4
12S»6

G lu»l/Thr»2 Glu» l/cytb.2
5'- GGGGATTTTAACCTCAGGCGTTCAGTTTAC- 3' Glu» 1 /cytb.2 
5'-GGACTAATCGCTTGAAAAACCACCGTTG-3' G lu»l/cytb.2 
5'-GCTTTGGGAGTTAGGGGTAGGAGTTGAAATCT-3' G lu»l/cytb.2 
5'- CTGACCCGATTCTTCACCTTCCACTTCCT- 3' Glu» 1 /cytb.2 
5'-GGAATTGAGCGGAGGATTGCGTATGC-3' G lu»l/cytb.2 
5'- GACAACTTCACCCCAGCAAACCCCCTA- 3' Glu» 1 /cytb.2 
5'-TGCACCTTCCAGTACACTTACCATGTTACGAC-3' Glu»l/cytb.2 
5'-TCTCATGTGCTACACCTCGACCTGACGTT-3' Glu»l/cytb.2

60

analyses also consisted of 2000 pseudoreplicates (TBR 
branch swapping), with 10 random-taxon-addition repli­
cates per pseudoreplicate. In the case of cytb amino acid 
sequences, ML distance matrices were obtained with the 
program Molphy Version 2.3 (Adachi and Hasegawa, 1996) 
using the mtREV24 model. Subsequently, Neighbor and 
Consense programs implemented in Phylip Version 3.6b 
(Felsenstein, 2004) were employed to build NJ trees and 
generate the final consensus tree with bootstrap values 
(1000 replicates) for nodes.

R e s u l t s

An alignment of 1141 nucleotide sites for cytb, 525 for 
rRNA 12S, and 548 for rRNA 16S was obtained. The 
number of variable sites ranged from 558 (48.9%) for cytb 
(Figure 1), 201 (38.3%) for rRNA 12S (Figure 2), to 170 
(31%) for rRNA 16S (Figure 3). As expected, most of the 
cytb variable sites were found at the third codon position 
(first, 35.3%; second, 16.3%; third, 95.3%). No nucleotide 
compositional bias was evident in the rRNA 12S or rRNA 
16S gene fragments, while in the cytb sequences a bias to ­
ward T and C was found at the second and third positions,

respectively (Table 3). An anti-G bias was also detected at 
the second and third positions, a general feature of the 
mitochondrial genes encoded on the H strand. The com­
positional bias was high at the second and third codon 
positions (0.226 and 0.260, respectively), but was consid­
erably lower at the first position (0.040).

The scatter plots of transitions and transversions 
against genetic distances for each pairwise comparison re­
vealed that transitions become saturated in the rRNA 16S 
gene when sequence divergence was near 15%, and at the 
third codon position of cytb gene when sequence diver­
gence was about 20% (data not shown). In the cytb gene the 
highest value of the transitions-to-transversions ratio was 
reached between M. azevia and D. hexophthalma (3.42), 
while in the rRNAs fragments, the highest values were 
found between S. vulgaris and S. senegalensis (6.5 for rRNA 
12S and 8.0 for rRNA 16S). Between distantly related 
species these values were much lower owing to the double 
effect of back mutations of transitions and an increasing 
number of transversions.

After sites of sequence alignment showing missing data 
and insertions/deletions were removed, rRNA 12S and 
rRNA 16S variable and phylogenetically informative data 
were of 123 and 137 pb, respectively. Because of saturation
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.VI lascaris ACAGCTGTCT TATAATGTCA ACTCGTATTT AGCCCACTTG CAGAGTCCCT CCGGCCCAAT TACCATGTTA CCGCATGTAC

S. senegalensis . T . . TAA. . . ACGCA.T. G ...................... C . . TA. T . . . . . . . ACTT.C T A .C . . . .G . . G . . . C . . C . A.TTGC.AGT
S. sttlgans .T . .T A A . . . A T .C A .T . G ................... C . . .T G ........... . . . .A C T ..A T A .C .............. ....................C . A .C T .C . AGT

S. kleinii . T . . TGA. » . . GCCGCA.T. ......................C C A .T .G .C . . . . . .A C T ..A . . .A T ........... . . T . G . . . . G G .A T .C .AGT
kl. caesia . .C A .C A . .C . .A T .C . .T . . . . T . A . .CC C . T . T . T . . . . . . .A C ..A C .A .T . .T .G C ............C . . C . .T A .G . . .G .

kl. boscanion G . . . .C A . .C C T A T .. A .T . G . . . . A . .CG C .T .T .T C C . . C . .A C T .. . .A .C A .T .G . . . . T . . . . C . .T A .G C .G ..
kl. hi!ifHelus G . . . .AA. . c C .A T .. . .TG G .A T ........... C T ..G A .T C C . . . . . ACTG.C .A .C T ..T G C . .  . T .............. .T A T ........... T
IX cuneata , T . .TGA. A . . .C C .C . .T . G .G T .. . C . . . . .A C . .C C . . . ACACTA.C . A . T . . . GGG A .T ..............C A .T T . . . .G .

1). hexofdtihalma G .C C .C A . . c . .A T .C . .T . G . .T .A . .C C C .T . T . T . . . . C . . A C . .AC .G .C T ..T G G . . . T . C . . C . . . A . . . . C . .
S. lusitanica .A ..T C A A . c G T A ..C ..T G . . G . C . . .CG ..T A A ..C C T . . . GACTTTC ..A C A T ------- . . .A .C C .A T G .A T C .A .. .

/'. flesus G . .ATCT. . c CTCT.C.CAG . TGTTAG. . C . . . . A . . C . . T C ..A C T G .C TA .A .TTG G . A..............CCC . TATCA. . . .

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
6 6 7 7 7 7 7 7 7 8 8 8 8 8 9 9 9 9 9 0 0 0 0 1 1 1 1 1 2 2 2 3 3 3 3 4 4 4 4 4 4 5 5 5 6 6 6 6 7 7 7 7 7 8 8 8 8 9 9 9 0 0 0 0 0 1 1 1 2 2 2 2 2 2 2 3 3 3 3 3
8 9 1 4 5 6 7 8 9 0 1 3 6 9 0 2 5 8 9 0 1 4 7 0 2 3 6 9 2 S 8 1 2 4 7 0 2 3 4 6 9 2 5 8 1 4 5 7 0 3 4 6 9 0 2 5 8 1 4 7 0 3 4 6 9 2 5 8 1 2 3 4 5 6 7 0 2 3 4 6

S. lascaris AGACGCTTCC TCATTGTCGT TCCCGATATT CACTTTATGC CCCCATTCCC ACTGTTTCCG ACCTTTCCCG TAAACGAAAC
.V se ne Halensis . .G T . »C . » . A . . C . C C . . . A............C T .C G . . A C . . . . T . T . . . A . . . T . TCACC. . .A . . . A C . A . . . »C . . A . . . A

S. Miliaris . .  .T . A . . . . C C . . . G . . . . G C T . . A .T A C A .. . . ............A . . . T .T C A .C .. . A . A . . CCAAT. . C . . A .G . .
S. kleinii . . . T . .C .  .T A T .C .A C A .. G .T ..G CG C C ..T A C A .C .T ............A . . .T . .C A .C . .T A . A . . .C .A .A .C . . A . .G .

M. azevia . . C . . .C G . . A . . C . . C T . . . . .T A . . .C C G . . . C C . . . T . . . AGAC.T. . . . A . C C . . C . . . G . C . T . . CC. T A .G ..
kl. boscanion . . . T . . .A .A A . . . . A C . . . ATT. ATCCCC . . . .C C . . .T . T T . . AAAT. . . CACCCT. C G .T A C C ...A C . . TA . . . .

kl. hisfuihis . CG.T A . T . .A C A .. C T T .A .C C .C G . TA ____ CT . . . ACAAA.T . . . A . C A . . T . . . C . . . T . A c . . . . . G . .
IX. cunéala .  .  .T . . C . . . A .C C .A .A A . A . . . A .C .C C G . . . C . . C . A . . . A C . . . TT . . . A . . A T .T G G .C C C .A .A .C T T .A ____

l). hexo/ihllkilma . . . T . .C G .. A ..C .A C T .. ------ A . . .C C G . .A C A .. .T . . . A .ACTT. . . . A ........... T . . .A C . .T .A CC. TA ------
S. lusitanica CCG.ATCAA. A .C . .C A . .C A.................C . T G .G .A .C A T . T . .CACATT G A CA C.C ..C .A A .C . . .T A CC. •A C T.T

1*. flexus -T T T A T .G .T ATCCACCT.C A ..T .G CC C C T . . CCAGCAT T . . G . A . . T . .T C A .C .T .C . T . AC. .T .C .T T T .  . .  .A

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5
3 4 4 4 4 4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 8 8 8 9 9 9 9 9 0 0 1 1 1 2 2 2 2 3 3 3 4 4 4 4 4 5 5 5 5 5 6 6 6 6 7 7 7 7 7 7 7 8 8 8 8 9 9 9 0 0 0 1 1 1 2
9 1 2 4 5 8 0 1 2 4 5 7 8 0 1 3 4 6 7 9 2 3 4 5 8 1 4 7 0 3 6 7 9 2 8 1 4 7 0 3 6 9 2 5 8 1 4 5 7 8 0 3 6 7 9 2 5 6 8 1 2 3 4 5 7 8 0 3 6 9 2 8 9 1 4 7 0 3 6 2

S. lascaris AATTTATGGT CCC GATCTCA GGCCATTATC CCCTAGGCCA GCAGTCCCGC CGCACGCAGC AATGATACAA TGGCCTTCCC
S. senegalensis . . C . C . G. . . . . .A .A . .G . A. .TCCC. . . ........... A . . . G A . . C . A . . T . »A. . .C .G .A . . .A C ............ C A .A .G C .. .

S. snlgans . . C . C . .TAC •A .T .A .A G T A. . .G C C .A . . . . C . . A . . . A T .A .A . .C . TAT. . C.GAA . . . A C . . T . . . C . A T . . T . .
S. kleinii ........... G .CAA T A .C .G . . .T A. .T .C C .G T T .T C .A . .T . A T .C C A ..T . .C T . .TTG .A . . CAGCGT.. C . .G T .A . . .

M. asesta . . C . . . . C . A . A .CC.TAGT A. . ACCC. .T . . A . C A A ... . A .C C A T .C . . C . . .C .G C T . . CACCCA.. C . . . .A A .T .
kl. boscanion . . . C A . .A C . . A . T . . .AGT A. . ACCC. . . . . . . T A A . . . . T . T . A . . C . ACT. .TTG T. . .C A C C ..G . C . C . . .A T .A

kl. hisfudus . . C . . . . .T A C A ..GT A. .A C C ..C . A .T G .A .T . . C . . C . A . . A . .T A . .A T G .T ..CA CCT.G G . . .G T A .T ..
IX. cuneata . » c . . . .AAC . . .A T C .A .C . T . . C .A . T . T . . A . . . . A . . T . . . . T . .C .  . . ATGTT . . . A TCTA .. C . .G .C A . .T

D. hexofthihalma . . C . c . . C . A .A.TCC.AGC A. .ACCC.CT .T A C T .A T .. A . . CCA. .C . TC . . • T .G .T . .CA CC.G .G C T . . .A A T . .
S. lusitanica G . .  .  .G . A . . . . .T C ..A G T A. . T . ACCA. A .A A .A A .. . A T .T . . .TAT AAAGAA..T. • . C A C C .T .. .A ..T A A T .G

1'. flesus . C . .  . . .T .A .A . .C .  .CGT AATGCCCTA. ........... A .A . . T A T T .. . .T T AT.G .TTGTA G G C A .C T.. . .C . .T C A .T .

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
2 2 2 2 3 3 3 3 4 4 4 4 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 8 8 8 8 8 8 9 9 9 9 9 0 0 0 0 1 1 1 2 2 2 2 2 3 3 3 3 3 3 4 4 4 4 4 4 4 4 5 5 5 5 6 6 7 7 7 7 7 8 8 8 8
3 5 7 8 1 4 7 8 0 3 6 9 2 3 5 8 1 2 4 5 7 9 0 3 5 6 7 8 9 0 2 3 5 8 9 1 2 4 7 0 3 7 9 2 5 8 1 4 5 6 70 1 3 5 6 7 9 0 1 2 3 4 5 8 1 2 4 7 0 6 2 3 4 5 8 1 4 5 7

S. lascaris CGCCACCACC CCTCGATATC ACAGTGACAC CCCCCATTCC CACCACCCAC ACCACCTAGG TGGTTGGTAC CCACCTACCA
»V senegalensis .A .T ........... T . . C . C C C . . . . . G . . T ------- T . T ------ C T. . . . T .............. • TTG........... C A . .G C A .C T. G .................T .

S  snlgans .A .................T . T . . C . . . C T . . G A . C . . . . A . T . T . . • .T . . A . . T . . . . . . . . . . . . .  C A. .G C .A .C . A .............. T T .
S. kleinii . A . . . T . . . T . T C . CCC. . . . . . A . T G . . . A .T T .C .C . . . .A ................. . . . T . . . C . . C . .A .A A .C T A . . G . C . . . .

M. asesta . T . T .............. . . G . T C . . . G T . . A C C . . . . A . . . . C . . . T .T A .C ..A G . . . T .............. C . A.AACC. -----------. . . C
kl. boscanion . A . . . . T . T . T T C .C C .G .G T . .A .T .T G A G . T . .C .C .T . . . . TTTA. . . . . G . . . T A A C* . ACAACC. T . . T ........... G

kl. hispidus T A .A .T T .T . . . . . T C C . . G T . . T C C . . . T A .T T A T .C .A T T T ..T .G G . C A .. . T . C . . C . .G .A .AC. . T . . . C . .AT
1). cuneata ............T T . . . . .G .A C C .. . T . .C .C . .T G T . A T T ..C .T . .A . . . . T C T T . . T . T . C . C G. . ACAA.C. A . . . . C . . . .

D. hexofihlhalma .C .T G ........... . .A .T .C .C G T .C A C C ...T , . T . . C . C . . . T G . T . . T . . . . . G .............. C . . ACAACT. . . . . T . G T . C
S. lusitanica . A A .C .T G T . . T . . A T . . .A TTTT____ C . . . G . . . A C . A T .A A T T .. .T . . . .A .A .AA TA .A AC.T . . T . T . . . . C

f. flesus .C ..G T T G A . . .CTCGC.CA T .G C C A .. .G A A T ...C C T . .  .G ................. . G . . A . . . . A C T C .. A .C C . . . . . A C . . .C

6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
8 9 9 9 9 9 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 3 3 3 3 3 3 4 4 4 4 5 5 5 5 6 6 6 7 7 7 8 8 8 8 9 9 9 0 0 0 0 1 1 1 1 2 2 2 2 3 3 3 4 4 4 4 5 5 5 6 6
8 0 3 6 8 9 0 2 3 5 6 8 9 0 1 2 3 4 5 7 8 0 1 2 3 4 6 7 9 0 1 2 5 6 8 1 4 7 8 0 3 6 9 2 5 8 1 4 7 3 4 6 9 2 5 8 0 1 4 7 0 3 6 9 2 3 5 8 1 4 7 0 3 6 9 2 5 8 1 2

S. lascaris TAGCCAGCTA TAACCCTCCA GCACCTGGTA TACGCCCCTG ACATTCCTAC CGCTTTACTA AGACCTACAC CTGGGTCCAC
S. senegalensis C .A ........... AG C .G .T . .T T . . T . . . C A . . . . . T . . T . . C A . T . C C T ..G T •T A C C ..T .. .A G .T C T .C . T C A C A .T ..T

S. vulgari \ C . AT. GATCT . . T . . . . T . . .T G . .C C . . . .  .  .T ........... A G T .C C T T C .. . T . . C . . T C . . A . . .C .T T . . C C C A .T T ..
S. kleinii . . . T . . . A . . CC........... TT . A T .. .C C .C T ............T .T .A . . .C C .T C C . .A . C . A . . .G ............C .T T . TCAA.C .T . .

kl. azesta CCAT. . .ACC .G .T ............G .T T .T C A .A . . . .T G . .T .A . . .C C . .C C G . TTACA. TCG . A . . .C .T C . . C C A A .T .. .
kl. boscanion C C C .. . . G . . .G .T A A .T .G ........... C A .A . . . . T . . .T .A G .G C C T ..T . . T . . C ........... .A G . .C . .C . .C C . .C T .G .

kl. hisfudus C .C ..C C G C T C G .T T . . T . . A T . . .C T .C . C .T T T T .T C . . .C C ...C C A .A TG C..TCG • . .T .C . .C T . .A A T .T .. .
IX. cuneata G G C .G .A .CT .T T .T ........... . . T .T C . .C . . . T . . . .T .A . . CCCTACCG . T .C G A .. . . . A . . • • GTC. T . . A T . T . . .

1). hexofflulkilma C C A T .. .AA. . . . T T . . G . . . . T . . C . . A . . G . T . G . . .A G ..C C T .C C . T .T A C .T ..G . A . T . C . . C . . .T A A C .T ..
S. lusitanica . .C ..G A A C G CC.TTGCG.C A. C T. CAACC • G T T .G .. . . . T . C . T . ACT T A T C .C .T .. G A .. .CGTT. . .C A A .T . . .

l‘. flesus . . C T . . .TCC C T . .TGCA.G .T T.G C C .CC . . T T . . T . .A . .G C C T G ..A .C .G A A .T .G ........... CCTC. T . . C C . A .G .

of transitions at the third codon position in cytb sequences, 
these sites were also excluded from the phylogenetic anal­
ysis. W ithout considering the nonvariable sites in first and 
second codon positions in cytb sequences, a data set of 454 
variable sites was obtained for each of the taxa investigated 
and used for phylogeny. Tamura-Nei’s genetic distances 
(Tamura and Nei, 1993) based on cytb, rRNA 12S, and 
rRNA 16S sequences are shown in Table 4.

Figure 4 shows the phylogenetic tree constructed on 
combined (cytb, rRNA 16S, and rRNA 12S) sequence data

Figure 1. Alignment o f cytb se­
quences of the 10 sole species and 
of the outgroup Platichthys flesus 
(Pleuronectidae). Only variable 
sites are reported.

using the ML method. The likelihood ratio test imple­
mented in Modeltest Version 3.06 (Posada and Crandall, 
1998) chose the HKY + I + G model of DNA sequence 
evolution as most appropriate. The model parameters used 
in ML analysis that resulted in a single tree were as follows: 
base frequencies were 0.2771, 0.2675, and 0.1888; Til 
tv = 2.9853; a  = 0.7302; and the proportion of invariable 
sites was 0.5456. The same tree topology was identified by 
MP and NJ methods. In all cases the evolutionary pattern 
of soles was similar, with 3 distinct lineages. The first one
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S. lascaris CTCGTCTTTT — TAA— TTT TCCGACACGG TTGACCCCCC CGTCCAACCA CGCACCCCAC GCTACACTGT
S. senegalensis --...C..C ACC___AA- A........ ....A.AT.. .A..T..A..

S. vulgaris -..A..C... ACC. .— AAA A. .A....A ---A.T... ■A..T..A.. ........A
S. kleinii T.-A..C... ACC___AA- .......TA ___A. .T.. .AC.T..A.. .......T.•

M. azevia -C.C.A-... AT.T.— A.A ___TAGTA. C.T.A.A.T. T.C.TT.G.. . .T...... AT. . .• T. . .
M. boscanion --- .T-.A. AC__— ACA C. AA-AGTAA C.T.A.... T.C.TC.A.. T.T...T... A.. . .. ...C

M hispidus --C.A-.CC ACA-.— A. A ..A.-AGTA. C.T.A.. .T. T.C.TTTG.. T...TTTA.. A--- • T. ..
D. cuneata CCC..— ACA . . . . . . . . . . ---A.T.T. •AC.T..A.. . . . . . . . . . . . . » . .

D. hexophthalma -C.C.A-... AT.-.-- CA ..A.-AGTA. C.T.A...T. T.C.TT.G.. T........ AT. . ..........
S. lusitanica -.ATA____ ---- TTACA .T. . . -GAAA .C.CAT..TT .TC...TGAG TTT...T.CA .TCGTTT.AC

P. flesus -..C..CACC ATC.CCCA.A ATT..-GTCA ....A.A.T. TT.TTT-T.. T.TGATTT.. . T. G. . .A.C
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Figure 2. Alignment o f rRNA 12S sequences o f the 10 sole species and of the outgroup Platichthys flesus (Pleuronectidae). Only variable sites 
are reported. Arrows mark sites carrying insertions/deletions.

included all Solea species and D. cuneata formed an inde­
pendent cluster. The Solea species appeared as a mono- 
phyletic group distinct of D. cuneata with all nodes 
supported with bootstrap values higher than 50%, with the 
exception of the node showing S. kleinii more closely re­
lated to S. senegalensis/S. vulgaris (the most related species) 
than S. lascaris, which was only well supported in the NJ 
tree. The second lineage grouped M. hispidus, D. hex­
ophthalma, and the 2 species included in the genera Mic­
rochirus. Interestingly, M. azevia was more evolutionarily 
linked to D. hexophthalma than to its congeneric M. bosc­
anion. These 3 species, together with M. hispidus, appeared

also as a monophyletic group in relation to the Solea/D. 
cuneata cluster, with bootstrap support for the node always 
close to 100%. Only the internal node of M. boscanion/M. 
hispidus was supported by less than 50% of bootstrap 
replicates in ML and MP trees. The last lineage included 
only one species, S. lusitanica, that appeared as the most 
basal taxon of soles.

The topology of the trees constructed on individual 
cytb, rRNA 16S, and rRNA 12S nucleotide sequences using 
the 3 different methods also showed on the whole 3 main 
clusters of taxa, although some slight differences could be 
noted (Figure 4). For cytb gene, the model found to be
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S. lascaris TCCCTCAAAC TTG-GAAATT GTCCGAATAC CATCATAACT
S. senegalensis ------- C T .G .- C . . - . C . . . . ____ A ............ T .  . . .C G .TA

S. wlgaris - . .A C . . . . - C . . - A C . . . . . . . .A ........... T . . . . C G ..C
S. kleinii C . . A C . . . . - C . . - A C . .C . ____ A............ T .  . T ..............

A/, azevia ____ C . . . . - C .C T A T ..A . A A .. A .G . . . T T .T .C G .. .
M  boscanion -------------------- C .C T A T ..A . A A ..A .G .G T T T .T .C G .T A

M. hispidus ----- .C T .G T - C .C T A T ..A . A A ..A .G . . . T T .T .C G T T .
1). cuneata A . . A C T . - . . C . . - .T T T C . . . . . A . G . . . T .................A .

IX hexitfiluhalma C .C T A T ..A . A A ..A .G . . . T T .T .C G .T C
S. lusitanica ------------------- CC. AAT— AC . . .T T . .A .T T T . . .C G .A .

P. flesus CATAC.C.GT C C.A A TT.C . .A T T A T .. .T .CCTGCG.AA

il lili
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S. lascaris ATATACGCCC TGTTAGTCGC ATATTTAGTG AGCATTTACC
S. senegalensis .C C .G T . . . . . A . . . A . . . . . . .A . . . A . A ............A A . . .

S. vulgaris .C C ................. . A . . . A . . . . . . . A . . . A . A .............. A . . .
S. kleinii .C C ................. . A . . . A . . . . . . . A . . . A . . . A . . . C A - . .

A/, azevia .C CA .............. CC. A • A. . .  .
A/, boscanion GCC................. .C CA G A ..A . G . .A .A .A . . ............C A T ..

\f. hispidus . C C A . . .A . . CCCAGA.. . . . .  .A ........... A ............C .T T .
IX. cuneata GCCA.............. .T .A G A . . . . . C . A . . . A . . . . . . — A . . .
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Figure 3. Alignment o f rRNA 16S 
sequences of the 10 sole species and 
o f the outgroup Platichthys flesus. 
Only variable sites are reported. 
Arrows mark sites carrying inser­
tions/deletions.

optimal by Modelstest was HKY+I+G with the following 
ML parameters: base frequencies were 0.2312, 0.2582, and 
0.1976; Ti/tv = 2.7107; a  = 0.5855; and the proportion of 
invariable sites was 0.4889. The position of D. cuneata 
varied depending on the analysis performed. In the ML tree 
it appeared more linked to S. senegalensis/S. vulgaris than to 
S. kleinii and S. lascaris; in the case of the MP tree, it was 
found forming part of the clade Monochirus/Microchirus/D. 
hexophthalma as the most basal taxon. Nevertheless, neither 
of these 2 switchings was supported by sufficient bootstrap 
values. For partial rRNA 16S gene, the best-fit ML model 
was also HKY+I+G. The ML parameters generated by 
Modeltest were as follows: base frequencies were 0.3223, 
0.2564, and 0.1876; Ti/tv = 3.0250; a  = 0.9504; and the 
proportion of invariable sites was 0.6079. The topology of 
MP and NJ phylogenetic trees constructed on rRNA 16S 
partial sequences gave the same results as those of the 
combined data trees, but some relationships appeared to be 
highly inconsistent in the ML tree: that is, a grouping of S. 
lusitanica with the Solea/D. cuneata lineage was observed, 
although the level of accuracy shown by this reconstruction 
was not significant (less than 50% of bootstrap replicates). 
Finally, in the case of rRNA 12S gene, the appropriate 
model of sequence evolution determined by Modeltest was

TrN+G, with the following ML parameters: base frequen­
cies were 0.3356, 0.2721, and 0.1845; rate matrix 
R(b) = 5.1932, R(e) = 12.1458; a  = 0.1734; and the pro­
portion of invariable sites was 0. The ML phylogenetic tree 
showed an evolutionary pattern also similar to that of the 
combined data, although a switching of positions was ob­
served between S. lascaris and S. lusitanica. This unreliable 
relationship was not supported by significant bootstrap 
values. In fact, only the high-level relationship between 
Monochirus, Microchirus, and D. hexophthalma was con­
sistent (75% of bootstrap replicates) in this tree. In MP and 
NJ rRNA 12S trees, D. cuneata was more related to S. 
senegalensis/S. vulgaris than to S. kleinii and S. lascaris. Yet 
each of these switchings was supported by less than 50% of 
bootstrap values. So, it is noteworthy that none of the 
relationships differing from the phylogenetic reconstruc­
tions obtained using the concatenated sequences were 
supported by bootstrap values higher than 50%.

An additional phylogenetic analysis was also per­
formed: a NJ tree was constructed based on cytb amino 
acid sequences (Figure 4). The topology of the tree ob­
tained was almost the same as that of combined data set, 
except that S. lascaris and S. kleinii formed a monophy- 
letic group.
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Table 3. Base Composition (in percentage) o f Sole Species rRNA 12S (above diagonal), cytb, rRNA 16S sequences. For cytb, frequencies 
are given at each codon position. The bias has been calculated according to Irwin et al. (1991)

Cytb

First Second Third

Taxa T C A G T C A G T C A G

Solea lascaris 24.5 25.3 22.4 27.9 40.3 26.6 19.7 13.4 22.4 41.3 24.2 12.1
Solea senegalensis 23.9 24.7 23.7 27.6 40.5 26.1 19.5 13.9 21.6 41.1 30.5 6.8
Solea vulgaris 24.2 24.5 25.3 26.1 41.1 26.3 18.9 13.7 24.2 36.8 33.4 5.5
Solea kleinii 23.7 26.3 23.9 26.1 41.3 25.8 18.9 13.9 22.6 38.7 29.7 8.9
Microchirus azevia 22.4 26.1 22.9 28.7 39.7 27.4 20.0 12.9 19.2 45.3 28.9 6.6
Microchirus boscanion 22.1 25.5 25.5 26.8 40.8 26.1 19.7 13.4 23.4 41.6 27.4 7.6
Monochirus hispidus 22.1 25.3 24.7 27.9 40.0 26.6 19.5 13.9 29.2 35.8 27.9 7.1
Dicologlossa cuneata 23.7 26.1 23.2 27.1 42.1 24.7 19.2 13.9 22.6 40.0 29.7 7.6
Dicologlossa hexophthalma 22.6 25.8 23.9 27.6 40.3 26.8 19.2 13.7 20.0 44.2 29.2 6.6
Synaptura lusitanica 22.4 26.6 27.1 23.9 42.1 23.9 20.5 13.4 26.8 35.5 29.2 8.4
Mean 23.2 25.6 24.3 27.0 40.8 26.0 19.5 13.6 23.2 40.0 29.0 7.7
SD 0.93 0.69 1.41 1.35 0.83 1.03 0.50 0.33 2.98 3.35 2.34 1.82
Bias 0.041 0.227 0.263

rRNA 12S rRNA 16S

Taxa T C A G Taxa T C A G

Solea lascaris 22.6 27.6 29.5 20.3 Solea lascaris 23.7 24.8 29.2 22.3
Solea senegalensis 20.4 27.5 30.8 21.3 Solea senegalensis 22.1 26.2 29.9 21.7
Solea vulgaris 21.2 26.5 31.8 20.4 Solea vulgaris 22.5 26.8 29.5 21.2
Solea kleinii 21.0 28.1 31.0 19.9 Solea kleinii 22.0 27.1 30.0 20.9
Microchirus azevia 21.7 29.4 30.0 19.0 Microchirus azevia 23.3 26.1 29.0 21.6
Microchirus boscanion 21.9 29.7 31.2 17.1 Microchirus boscanion 23.5 25.1 28.2 23.1
Monochirus hispidus 21.8 27.7 31.8 18.7 Monochirus hispidus 23.3 26.0 28.7 22.0
Dicologlossa cuneata 21.6 27.1 31.5 19.9 Dicologlossa cuneata 22.9 25.2 29.5 22.4
Dicologlossa hexophthalma 21.5 28.3 30.4 19.8 Dicologlossa hexophthalma 22.8 26.3 29.8 21.1
Synaptura lusitanica 21.5 27.2 30.6 20.6 Synaptura lusitanica 22.6 25.4 29.8 22.2
Mean 21.5 27.9 30.9 19.7 Mean 22.9 25.9 29.4 21.9
SD 0.58 1.00 0.76 1.18 SD 0.58 0.76 0.58 0.68
Bias 0.117 Bias 0.071

D is c u s s io n

Taxonomic classification of fishes based only on m orpho­
logic characters has been shown to be successful in defining 
species and in organizing these species into different gen­
era. Yet meristic and morphologic classification should be 
revised using molecular techniques. Recent years have 
witnessed an explosion in phylogenetic studies based on 
molecular data (see Kocher and Stepien, 1997). Flatfishes 
are not an exception, and several surveys have focused on

the relatedness of different families of Pleuronectiformes 
(Tinti et al., 1999; Berendzen and Dimmick, 2002) and 
among species included in the family Soleidae (Tinti and 
Piccinetti, 2000; Tinti et al., 2000). Phylogenetic analyses 
reported here complement these studies with the inclusion 
of new molecular data and new species.

The cytb gene is undoubtedly one of the most used 
protein-coding genes in phylogeny of fishes (Kocher and 
Stepien, 1997). Among soles, previous studies have em­
ployed only partial sequences of this gene to establish
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Microchirus azevia

Dicologlossa hexophthalma

Figure 4. Phylogenetic relation­
ships o f sole species present in the 
Gulf o f Cádiz. Maximum likeli­
hood, maximum parsimony, and 
neighbor-joining bootstrap values 
higher than 50% are indicated for 
the concatenated sequence data set 
(above nodes) and for cyffo, 
rRNAlöS, and rRNA 12S individ­
ual nucleotide sequences, respec­
tively (below nodes). Bootstrap 
values for the NJ tree based on cytb 
amino acid sequences are also 
shown.

phylogenetic relationships (Tinti and Piccinetti, 2000; Tinti 
et al., 2000; Borsa and Quignard, 2001), and some results 
have been incongruent with those obtained using rRNA 
16S (Tinti et al., 2000). It has been shown that the use of 
limited sequence data may cause errors in estimates of 
evolutionary relatedness among taxa owing to a large var­
iance in substitution rate. Hence, longer sequences are 
preferable, especially if we consider the restrictions in 
mutation imposed on protein-coding genes (Martin et al., 
1990). This situation is still more complicated if the 
molecular marker (like cytb) evolves quickly, which can 
lead to the loss of phylogenetic information between dis­
tantly related taxa through homoplasy (Irwin et al., 1991; 
Meyer, 1994; Lydeard and Roe, 1997). In fact, we have 
found evidence of this phenomenon in cytb, with transi­
tions appearing saturated relative to transversions. This 
might explain the incongruencies cited above. In this case it

is advisable to infer phylogenetic relationships using genes 
with a slower substitution rate like rRNA mitochondrial 
genes (Orti, 1997; Stepien et al., 1997), or even better a 
combination of differently evolving genes (Sarver et al., 
1996; Freshwater et al., 2000; Apostolidis et al., 2001). In 
the present study analyses were performed using a com­
bined data set of cytb and rRNA mitochondrial genes. The 
strong correlation in the topology of the trees inferred by 
ML, MP, and NJ methods demonstrates the high level of 
accuracy of the phylogenetic reconstruction carried out in 
this survey.

Present analysis supports fully the phylogenetic relat­
edness of the Solea-like species S. vulgaris and S. senegal­
ensis, which were the closest sister Solea species in all 
reconstructions. In regard to this issue, a series of m or­
phologic characters is in agreement with this relatedness: 
anterior nostril on blind side not enlarged, w ithout fringes,
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and with a diameter almost equal to the length of scales on 
the body (Ben-Tuvia, 1990). The grouping of S. vulgaris 
and S. senegalensis inferred from our data is in complete 
agreement with previously published phylogenetic analyses 
based on partial nucleotide sequences of cytb and rRNA 16S 
mitochondrial genes (Tinti and Piccinetti, 2000). In con­
trast, it is interesting to note how the Pegusa-like species S. 
kleinii and S. lascaris do not appear as a monophyletic 
group, contrary to Solea-like species, except in the NJ tree 
based on cytb amino acid sequences. This result, in agree­
ment with other published results (Tinti and Piccinetti, 
2000; Tinti et al., 2000), suggests that the grouping of S. 
kleinii and S. lascaris into the Pegusa subgroup based on a 
shared enlarged nostril is not taxonomically appropriate.

This work provides the first molecular data for the 
species D. hexophthalma. It is noteworthy that in our 
analyses, surprisingly, the most related species was M. 
azevia instead ofD. cuneata. The traditional existence of the 
genus Dicologlossa with 2 species (D . cuneata and D. hex­
ophthalma) has been supported in the presence of a distinct 
supratemporal branch of the lateral line with an angular S 
shape (Quéro et al., 1986; Bauchot, 1987). However, in a 
taxonomic revision of soles from the eastern Atlantic and 
Mediterranean Sea based on 20 different biometric and 
osteologie features, Desoutter (1994) proposed the subdi­
vision of the genus Microchirus in 2 subgenera: Microchirus 
and Zevaia. The former regroups 5 species, including M. 
boscanion. The subgenus Zevaia contains 2 species: M. 
azevia and D. hexophthalma. The inclusion of D. hex­
ophthalma in the genus Microchirus is mainly based in the 
shape of the urohyal, which presents 2 distinct branches 
(dorsal and ventral) forming an acute angle. This shape is 
different enough in D. cuneata to justify the segregation of 
this species from the subgenus Zevaia (Desoutter, 1994). 
Our data and those of Desoutter support a taxonomic 
revision of the present status of these 2 species.

Another im portant issue to take in account is the closer 
relatedness of M. azevia with M. hispidus than to its con­
generic M. boscanion. Similar results were obtained in a 
previous phylogenetic survey of soles based on partial se­
quences of cytb and rRNA 16S genes, with Microchirus 
ocellatus more linked to M. hispidus than to Microchirus 
variegatus (Tinti et al., 2000). In fact, in that survey these 
species appeared as a monophyletic group, and the authors 
argued against the separation of these 2 genera. The dif­
ferentiation of Microchirus and Monochirus is morpholog­
ically based on the presence or absence of a reduced 
pectoral fin on the blind side (Quéro et al., 1986; Bauchot,

1987). Our results do not support the differentiation into 2 
genera and indicate that the taxonomic relevance of this 
character is at least questionable.

In view of the results in total, it seems necessary to 
perform a more complete molecular analysis of most of the 
species of soles present in the eastern Atlantic and even the 
Mediterranean Sea for better resolution of the phylogenetic 
relationships among them. In this sense the disposal of 
longer sequences will help to clarify with more accuracy 
such relations. Nevertheless, the present study could serve 
as reference in attempts to resolve relationships between 
these lineages.
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