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Regular paper

Flatfishes interrelationships revisited based
on anatomical characters

by

Bruno CHANET", Jorge MONDEJAR-FERNANDEZ
& Guillaume LECOINTRE (1)

Abstract. — In 1993, Chapleau proposed the first comprehensive cladistic work on interfamilial relationships of
flatfishes (order Pleuronectiformes) based on anatomical data. This work has been, and still remains, a corner-
stone for phylogenetic works dedicated to flatfishes. Nevertheless, this valuable work lacked important elements
of the current knowledge associated with flatfish outgroups and suffered from scarcity of data for some charac-
ters. We propose here the results of a new analysis of Chapleau’s matrix with reexamination of some characters
(e.g. recessus orbitalis) and addition of two fossil genera (Heteronectes and Amphistium), plus two extant genera
as outgroups, chosen on the basis of recent molecular analyses. This reassessment leaves the monophyly of the
Pleuronectiformes ambiguous while the interrelationships within flatfishes proposed by Chapleau are not signifi-
cantly modified. Moreover, the polarity of one character (structure of the first anal-fin pterygiophore) is reviewed
and enlightens differently the first steps of the evolution of flatfishes.

Résumé. — Réévaluation des relations de parenté entre poissons plats sur la base de caracteres anatomiques.

En 1993, Chapleau propose la premiere analyse cladistique traitant des relations interfamiliales des poissons
plats (ordre des Pleuronectiformes) fondées sur des données anatomiques. Cet article a été et demeure un travail
de référence pour toute analyse de 1’évolution des poissons plats. Néanmoins, cette étude souffrait de 1’absence
de connaissances sur I’identité d’extra-groupes appropriés et du manque de données pour certains caracteres.
Nous proposons ici les résultats d’une ré-analyse de la matrice de Chapleau fondée sur la réinterprétation de
certains caractéres (ex. recessus orbitalis), I’addition de deux genres fossiles (Heteronectes et Amphistium) et
I’ajout de deux extra-groupes, fondé sur les résultats des travaux moléculaires récents. Cette réévaluation ne sou-
tient pas la monophylie des poissons plats — laquelle reste ambigué — tandis que les relations de parenté a I’inté-
rieur du groupe proposées par Chapleau (1993) ne sont pas modifiées dans leur ensemble. Par ailleurs, la polarité
d’un caractere (structure du premier ptérygiophore de la nageoire anale) est reconsidérée et éclaire différemment
les premiers pas de 1’évolution des poissons plats.

phylogeny from his work (Fig. 1) was used as a compara-
tive landmark by every further work dedicated to the under-

In 1993, Francois Chapleau provided the first genuine
(i.e. comprehensive) cladistic analysis of flatfishes (order
Pleuronectiformes) interrelationships. Prior to this work, the
only cladistic analysis dedicated to taxa of this order was by
Lauder and Liem (1983). But these authors acknowledged
that it was “a tentative phylogenetic hypothesis” (Lauder and
Liem, 1983: 185) as they used limited data for both char-
acters and taxa. Shortly after their publication, Hensley and
Ahlstrom (1984) examined characters, questioned homolo-
gies and reassessed flatfish interrelationships, providing an
important synthesis on the knowledge of flatfish anatomy.
Nevertheless, their work was more a list of data, and was
eclectic in its phylogenetic approach with no hypothesis in
terms of primitive or derived character states. Consequent-
ly, the work of Chapleau (1993), because of its cladistic
approach, became rapidly a seminal reference in the field of
flatfish phylogeny (see for example Munroe, 2015) and the

standing of flatfish interrelationships whenever molecular
or anatomical. Nevertheless, in light of new knowledge
regarding flatfish extra-relationships, homology of charac-
ters and the discovery of fossils, a re-analysis has become
necessary. Indeed, beside new characters, the inclusion of
fossil taxa and a sampling relevant in the light of new phy-
logenetic consensus have been shown to significantly impact
the robustness of phylogenies based on morphological char-
acters and highly increase their congruence with molecular
ones notably in the case of acanthomorph clades (Davesne et
al., 2014,2016).

The existence of the Pleuronectiformes as a natural group
has seemed obvious to ancient naturalists. For instance, Lin-
naeus (1758) gathered all of the known flatfish species of
his time into a single genus: Pleuronectes (Linnaeus, 1758).
Most scientists since Linnaeus (1758) did not question the
monophyly of the order (Cuvier, 1817; Agassiz, 1834-1843;
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Figure 1. - Consensus tree of flatfish interrelationships proposed by
Chapleau (1993), illustration modified from Chapleau (1993: 533,
fig. 7).
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Cope, 1871; Jordan and Evermann, 1898; Cunningham,
1892; Holt, 1894; Boulenger, 1902; Thilo, 1902; Regan,
1910; Norman, 1934; Blot, 1970, among others). Over time,
only a few authors (Kyle, 1923; Chabanaud, 1949; Amaoka,
1969) have argued for their polyphyly. Psettodes was con-
sidered as the most basal flatfish genus or at least as “a good
potential sister group” to the other flatfishes (T.A. Munroe,
pers. comm. to BC). Chapleau (1993: 517-518) logically
used Psettodes, considered as the most plesiomorphic extant
flatfish, as the primary outgroup to define interrelationships
within the Pleuronectoidei. He also incorporated in the
analysis as secondary outgroup percoids (sensu Johnson,
1980, 1984) and Beryciformes plus he proposed a hypotheti-
cal ancestor with plesiomorphic states for all characters to
include in his analysis. However, the distribution of charac-
ter-states was not shown in the data matrix for any of these
secondary outgroups. Moreover, based on recent molecular
studies (Chen, 2001, Chen et al., 2003; Miya et al., 2003,
2005; Dettai and Lecointre, 2005; Smith and Wheeler, 2006;
Li et al., 2009) both these percoids (sensu Johnson, 1980,
1984) and the Beryciformes are presently known as too dis-
tantly related to flatfishes to be used as outgroups. Of course,
Chapleau used knowledge of his time and one cannot expect
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the choice of outgroups made in 1993 to take into account
results from some 25 years later. But these recent results
stimulate a renewed interest to Chapleau’s data matrix.

We then use the matrix built by Chapleau (1993) modi-
fied in respect to these three points. (1) While Chapleau used
Psettodes as primary outgroup and basal percoids (sensu
Johnson, 1980, 1984) and Beryciformes (Zehren, 1979;
Keene and Tighe, 1984) as secondary outgroups, we used
Caranx (Carangidae) and Lates (Latidae), since each of these
taxa have been alternatively recovered in sister taxa position
of Pleuronectiformes by several molecular analyses (Li et al,
2009; 2011; Wainwright et al.,2012; Harrington et al., 2016;
Betancur-R ef al. 2017, among others), while Beryciformes
are now considered as basal acantomorphs not related to flat-
fishes (Betancur-R et al., 2013a, b). (2) We include two fos-
sil taxa: Heteronectes chaneti Friedman, 2008 and Amphis-
tium paradoxum Agassiz, 1835, both from the Eocene of the
Monte Bolca (Italy) (Chanet, 1997; Friedman 2008, 2012),
which have been considered as basal to Pleuronectiformes
(Friedman, 2008, 2012). (3) At last, the coding of one char-
acter has been modified: Psettodes is coded “0” (= absence
of recessus orbitalis) for character 3 “recessus orbitalis”
(see discussion).

MATERIAL AND METHODS

Nomenclature

Chapleau (1993) used the subfamilial status for the fol-
lowing taxa: Pleuronectidae, Poecilopsettidae, Rhomboso-
leidae, Samaridae. In the present work, following Chapleau
and Keast (1988) and Cooper and Chapleau (1998), we
consider each of these groups as a valid family. Latin spe-
cies names have been checked using Eschmeyer and Fricke
(2010).

Choice of outgroups

The monophyly of flatfishes has been questioned in
many studies, for instance with Lates (Latidae) appearing as
included in Pleuronectiformes (Dettai and Lecointre, 2005;
Li et al., 2009) and Psettodes being sister group of Toxotes
(Toxotidae) outside of the Pleuronectiformes. In their global
review of phylogenetic classification of bony fishes based on
molecular data, Betancur-R et al. (2017) found Psettodes as
the sister-group of the Pleuronectoidei, retrieving a mono-
phyletic Pleuronectiformes, with centropomids (among
them Lates) as their sister-group, but with very short branch
lengths. Indeed, molecular studies in recent years (Chen,
2001, Chen et al.,2003; Miya et al., 2003, 2005; Dettai and
Lecointre, 2005; Smith and Wheeler, 2006; Li et al., 2009)
have tried to decipher the best candidates to be considered
the closest relatives of flatfishes and, in doing so, discard-
ed some of the classical groups, for instance Epinephelinae

Cybium 2020, 44(1)
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(Norman, 1934), viewed as relatives to flatfishes. Among
these new hypotheses, Li et al. (2009) gathered flatfishes
with centropomids, carangids, echeneids, coryphaenids,
menids, xiphids, polynemids and sphyraenids. Depending on
the taxonomical sampling, the completeness of this assem-
blage was variable; as a result, flatfishes appeared to be relat-
ed only to carangids (Miya et al., 2003, 2005; Mabuchi et
al.,2007; Smith and Craig, 2007; Yagishita et al., 2009), or
xiphids (Little et al., 2010), or sphyraenids (Meynard et al.,
2012), or billfishes and carangids (Near et al., 2012), or cen-
tropomids (Wainwright et al., 2012). This assemblage was
called “clade L” by Chen et al. (2003), then later “Carangi-
morpha” by Li et al. (2009), a term that was conserved in
the synthesis of Betancur-R ez al. (2017). Based on these
evidence, we have chosen Lates and Caranx as secure out-
groups.

New information on character states

Except for the taxa newly included alongside with those
used by Chapleau (1993), we use the character states he pro-
posed. One exception is to be made for a single character
in Psettodes. Among the skeletal characters, Chapleau used
a soft anatomy character in his analysis, the presence of a
peculiar structure called the recessus orbitalis. The reces-
sus orbitalis is an accessory organ associated with the eyes
allowing flatfishes to protrude their eyes while buried in the
substrate (Chapleau, 1993: 521). Chapleau (1993: 521) con-
sidered that this organ was present in all flatfishes, including
Psettodes. This organ was mentioned in earlier studies by
Holt (1894), Cole and Johnstone (1902) and Norman (1934)

Table I. — Data matrix. Changes to Chapleau (1993) are indicated in bold.

Flatfishes interrelationships revisited

but it has been studied only in a few species: Hippoglossus
vulgaris (now valid as Hippoglossus hippoglossus (L., 1758)
(Pleuronectidae), Hippoglossoides platessoides (Fabrici-
us, 1780) (Pleuronectidae), Pleuronectes platessa L., 1758
(Pleuronectidae), Pleuronectes flesus (now valid as Platich-
thys flesus (L., 1758) (Pleuronectidae), Limanda limanda
(L., 1758) (Pleuronectidae), Microstomus kitt (Walbaum,
1792) (Pleuronectidae), Solea solea (L., 1758) (Soleidae)
and Scophthalmus rhombus (L., 1758) (Scophthalmidae)
(Holt, 1894; Cole and Johnstone, 1902 for Pleuronectes pla-
tessa). Furthermore, Chabanaud (1937) wrote that the eyes
of Psettodes did not protrude as opposed to all other flatfish
species, meaning that the recessus orbitalis was probably
absent in Psettodes. Biirgin (1986) detailed the muscular
anatomy of the orbital region of Psettodes erume, but did not
mention the existence of a recessus orbitalis. One of us (BC)
could not see this structure in dissecting a frozen Psettodes.
We then chose to code absence of recessus orbitalis in Pset-
todes.

The character states for Lates and Caranx are based on
the anatomical descriptions made respectively by Holden
(1967), Greenwood (1976), Smith-Vaniz and Carpenter
(2007), and Springer and Smith-Vaniz (2008) and on our
examination of one specimen of Caranx caninus Giinther,
1867, MNHN-6500 (SL: 49.0 cm) (Tercerie et al., 2016),
and one specimen of C. melampygus Cuvier, 1833, CAS-SU
2845 (SL: 11.4 cm); the character states for fossils are based
on Blot (1969) and Friedman (2008) description for Amphis-
tium, and on Friedman (2012) for Heteronectes. See Appen-
dix 1 for a detailed description of characters.

Cladistic analysis

Taxon 1-10 11-20 21-30 31-39 The data matrix including 19 taxa and 39 charac-
Lates 0020000000 | 0000001000 | 0100000000 | 000000000 |  ters (Tab. I) was analyzed with PAUP 3.1.1. using the
Caranx 0020000000 | 0000001000 | 0110000000 | 000000000 |  branch-and-bound search for the parsimonious trees.
Heteronectes | 1222000000 | 0022220000 | 2010200000 | 200002002 | Trees were rooted on the two outgroups as defined
Psettodidae 1100000000 | 0000001000 | 0100000000 | 000000000 | above and character optimization was set for acceler-
Lepidoblepharon | 1111111111 | 1010000000 | 0010000000 | 000000000 |~ ated transformation (ACCTRAN).

Citharus 1111111111 | 1000000000 | 0010000000 | 000110000

Citharoides 1111111111 | 1010000000 | 0010000000 | 000010000

Brachypleura 1111111111 | 1000001100 | 0000011100 | 000110000 RESULTS

Scophthalmidae | 1111111111 | 1000010000 | 0111011100 | 000110000 - , lvsis vielded 12 i

Paralichthyidae | 1111111111 | 1010010000 | 0011011100 { 000111000 | . nf ﬁ:rtsr‘;zgrzlye En?hys613s Ztlj S; Theiqizisyteiir'

Bothidae 1111111111 [ 1010010100 | 0011111100 | 000111000 | > THOMIOUS ] st ps)- onsistency
. index (CI) is 0.67, the homoplasy index (HI) is 0.33

Pleuronectidae | 1111111111 | 1010010000 | 0111011100 | 000111000 S ) .

. . and the retention index is 0.84, showing a moder-

Poecilopsettidae | 1111111111 | 1010001100 | 0111200000 | 000111000 o

) ate level of homoplasy. The Majority-rule consensus
Rhombosoleidae | 1111111111{ 1110100100 0111200000 | 000111000 | ¢'thoco 13 trees is shown in Fig. 2: the two nodes
Samaridae PULLITL | 10T | 1011200000 [ 000111000 | oo wino o frequency of 67% (therefore collapsing in
Achl.rldae ITTIIIIL | 1110101111 | 1111200000 [ 000011111 | the erict consensus tree) are marked with a star, all
Soleidae ITITIL | THTI011TT | 2111200011 | 12| pemaining nodes having a frequency of 100% are
Cynoglossidae | T1TTTITLTL| 1111001111 | 2111200011 | ITIIH21 | preent in the strict consensus tree.
Amphistium 1072000100 | 0022220000 | 2010700000 | 200002002

Cybium 2020, 44(1)
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Figure 2. — Majority-rule consensus tree of the 12 equiparsimo-
nious trees of 63 steps obtained from a branch-and-bound search
(CI =0.67, RI = 0.84). Nodes with a star have a frequency of
67%, all others 100%. Illustrations for Psettodidae, Bothidae, Par-
alichthyidae, Pleuronectidae, Poecilopsettidae, Rhombosoleidae,
Samaridae, Achiridae and Cynoglossidae modified after Chanet et
al. (2004) and original work by J.F. Dejouanet.

Results of the analysis show that the monophyly of flat-
fishes — in its classic view, i.e including Psettodes — is nei-
ther supported nor contradicted by the present dataset. Six of
the parsimonious trees show Lates and Caranx outside the
ingroup (Fig. 3A), making flatfishes monophyletic, while
the six other parsimonious trees show Caranx more closely
related to flatfishes than Psettodes (Fig. 3B), disrupting the
split between outgroups and ingroup, and making flatfishes
non-monophyletic.

Regarding the results, it is then difficult to claim that the
present dataset either contradicts or supports flatfish mono-
phyly. The more accurate interpretation of these results is
considering an unresolved monophyly of flatfishes. Concern-
ing the fossils, Heteronectes appears as the most basal pleu-
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ronectiform fish and Amphistium immediately crownward
to the latter. The global intrarelationships of extant flatfishes
remain basically unchanged with the notable exception of
the monophyly of the bothoid group, which herein gathers
the genus Brachypleura, the Scophthalmidae, the Paralich-
thyidae, the Bothidae and the Pleuronectidae in a clade.

In the present study, the skull asymmetry is resolved as a
synapomorphy of Pleuronectoidei + Amphisitum and Hete-
ronectes and appears to have convergently evolved in Pset-
todes. This apparent parallelism is due to the choice of pre-
senting the result under the form of a consensus, i.e. due the
ambiguity of our data with regard to flatfish monophyly. In
six of the twelve most parsimonious trees skull asymmetry
is the synapomorphy of flatfishes (Fig. 3A); while in the six
others it appears in parallel in Psettodes and in the flatfishes
(Fig. 3B). Skull asymmetry could thus still be a pleuronecti-
form synapomorphy but the present matrix needs more data
to confirm it. At the present state of knowledge, the reces-
sus orbitalis seems to be present only in the flatfishes, with
the exception of Psettodes. A robust and elongate anterior-
most proximal pterygiophore of the anal fin (character 23) is
present in Caranx, Heteronectes (Friedman, 2012), Amphis-
tium (Friedman, 2008) (Fig. 4) and all flatfishes except Pset-
todes and Brachypleura. This character (coded O in Lates
and 1 in Caranx) is the one that, in six of the most parsi-
monious trees, makes Caranx (coded 1) more closely related
to the flatfishes (coded 1), whereas Psettodes (coded 0) is
more distantly placed, and, given a reversion in Brachypleu-
ra (coded 0), this taxon is well nested within the flatfishes.
If flatfishes are monophyletic (Fig. 3A), a robust and elon-
gate anteriormost proximal pterygiophore of the anal fin is a
synapomorphy of the Pleuronectoidei, as stated by Chapleau
(1993), given a convergence in the outgroup Caranx and a
reversion in Brachypleura. If Caranx is more closely related
to flatfishes than Psettodes is (Fig. 3B), this character state
is the synapomorphy of a new clade uniting Caranx and the
Pleuronectoidei (given a reversion in Brachypleura). As six
of our most parsimonious trees support the first option and
six others support the second hypothesis, it is too early to
provide a defining statement on this character optimization.
The distributions of the other characters remain the same as
those in Chapleau (1993).

DISCUSSION

The bothoid group, which herein gathers the genus
Brachypleura, the Scophthalmidae, the Paralichthyidae, the
Bothidae and the Pleuronectidae in a clade, was proposed
by Hensley and Ahlstrom (1984) based on the distribution
of several morphological characters and, interestingly, it is
recovered in every tree of the present analysis (Fig. 2) on the
basis of the structure of caudal fin endoskeleton (characters

Cybium 2020, 44(1)
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Figure 4. — Skeletal anatomy of the abdominal region of four carangimorph genera illustrating the variation of the first anal pterygiophore.
A: Lates calcarifer (Centropomidae); B: Caranx melampygus (Carangidae); C: Psettodes erumei (Psettodidae); D: Paralichthys albigutta
(Paralichthyidae). Each red arrow shows the first anal-fin pterygiophore (enhanced in red). Scale bars = 10 mm. Figures A, C and D from

Harrrington et al. (2016: 10, fig. 4).

26,27 and 28). Chapleau (1993) found only unresolved rela-
tionships among its five components. He observed a both-
oid clade in only “one of the 18 equally parsimonious trees”
(p. 535-536) and concluded (p. 536) that “more congruent
derived characters are needed to corroborate the mono-
phyletic status of this taxon”. The existence of the bothoid
group has been criticized by Hoshino (2001) based on the
study of other morphological characters (especially myo-
logical), who proposed the monophyly of the citharid family,
gathering the genera Citharus, Citharoides, Brachypleura,
Lepidoblepharon and Paracitharus. This gathering was not
present in Chapleau (1993), although Chapleau did not use

Cybium 2020, 44(1)

the genus Paracitharus in his analysis. This taxon has often
been placed in the genus Citharoides (see Hoshino, 2001:
402).

Friedman (2008, 2012) reanalysed fossils once consid-
ered to be related to flatfishes and found evidence that two
fossil species, Amphistium paradoxum and Heteronectes
chaneti, possess an asymmetrical skull and thus should
belong to the pleuronectiform order. Moreover, Friedman
(2012) conducted a phylogenetic analysis including flatfish
species, recent and fossil, some carangids, one ephippid spe-
cies, one scorpidid species, one monodactylid species, and
some zeiforms. In this work, flatfishes appeared as closely

13
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related to a clade gathering ephippids, scorpidids and mon-
odactylids, this clade being related to a clade formed by the
two carangid species (Friedman, 2008: 211, fig. 2a). Surpris-
ingly, in the simplified cladogram of the figure 2¢ (p. 211),
the sister-group of the Pleuronectiformes is Trachinotus, a
carangid species. However, a close relationship between
flatfishes and ephippids and monodactylids is contradicted
by several molecular works (Dettai and Lecointre, 2005; Li
et al.,2009). In their synthetic phylogenetic classification of
bony fishes, Betancur-R. et al. (2017) considered monodac-
tylids and ephippids as members of the Eupercaria, far from
the Carangimorpha. Friedman’s (2008) work provided out-
standing data to reconstruct the evolutionary process lead-
ing to flatfishes, but he did not take into consideration the
information brought by recent, especially molecular, works
to define his sampling of species for the analysis.

In 2012, Friedman considered the results of molecular
works to elucidate the problem of the relationships of Heter-
onectes chaneti and flatfishes within acanthomorphs. Simi-
larities between Heteronectes and latids were considered
ambiguous and no phylogenetic analysis was provided in
this work to test the validity of these statements (Friedman,
2012). Campbell et al. (2013) did not recover the monophyly
of Pleuronectiformes, Psettodes being resolved as far from
the other flatfishes. This point was controversial and sever-
al authors (Smith and Wheeler, 2006; Li ef al., 2009, 2011;
Near et al.,2013; Betancur-R. et al., 2013a, b; Campbell et
al.,2013; Betancur-R and Orti, 2014) tried to solve this issue
thanks to molecular data with diverse results. Some plead for
the monophyly of flatfishes, including Psettodes (Li et al.,
2009; Campbell et al., 2013; Betancur-R and Orti, 2014),
while others supported the exclusion of Psettodes from flat-
fishes (Li et al.,2011; Near et al., 2013; Betancur-R. et al.,
2013a, b; Campbell et al., 2013).

Recently, Harrington et al. (2016) tackled this phyloge-
netic problem by analysing more than 1000 ultraconserved
DNA element (UCE) loci covering 45 carangimorph spe-
cies. They concluded that Pleuronectiformes, including Pset-
todes, form a clade and that the origin of ocular asymmetry
occurred only once. Moreover, they found that this event
took place rapidly during the Paleogene (66.0-23.03 Ma) and
that flatfish asymmetry evolved over an interval of no more
than 2,97 million years. They concluded that this longstand-
ing uncertainty in phylogenetic hypotheses for flatfishes and
their carangimorph relatives was the result of successive
and rapid divergences. A point that is reflected in Betancur-
R et al. (2017) synthesis with short branch lengths linking
the Centropomidae, the Psettodidae and the Pleuronectoidei,
and the following comment in their classification: “although
contentious (e.g. Campbell et al., 2013), the monophyly of
Pleuronectiformes is resolved by several molecular studies
(Betancur-R et al. 2013a, b; Sanciangco et al., 2015; Har-
rington et al., 2016)”. Considering these recent results from
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molecular studies, we consider that (1) pleuronectiforms
are monophyletic; (2) Psettodes is a pleuronectiform and
the sister-group of the Pleuronectoidei. In such a context of
rapid lineage divergences at the origin of the Pleuronecti-
formes, it seems not surprising that the present anatomical
data fails to clearly recover monophyletic flatfishes. This is
partly due to the complexity of both definition and distri-
bution of several characters like the presence of a recessus
orbitalis or the structure of the first anal-fin pterygiophore.
The first one was considered as a synapomorphy of flatfishes
while the later was a synapomorphy of the Pleuronectoidei.
A detailed anatomical survey of the recessus orbitalis is still
needed and, until then, this character should not be used to
define any group. A strong and robust first anal-fin pterygi-
ophore is not only present in Pleuronectoidei, but, at least, in
some carangid species among other members of the Carangi-
nomorpha (Fig. 4). In order to identify the sister group of
flatfishes, keeping in mind the conclusion of Harrington et
al. (2016) that flatfishes arose quickly, the distribution of this
character, among others, has to be surveyed in carangids,
coryphaenids, menids, lactariids, polynemids, rachycentrids,
echeneids, sphyraenids, leptobramids, toxotids, xiphiids,
istiophorids, nemastids, and some fossil taxa among others.
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APPENDIX

List of Characters. — This section includes the list of charac-
ters used in this work and by Chapleau (1993). The distribution of
character states for each character amongst taxonomic units is sum-
marized in Table I.

1. Adult cranium. Symmetrical cranium with one eye on each
side of head (0); symmetrical with both eyes on one side of
head (1).

Present in all flatfishes, Psettodes included and also in Heter-
onectes and Amphistium.

2. Epicranial section of dorsal fin. Dorsal fin without epicranial
section (0); presence of an epicranial section (1).

Present in all flatfishes, Psettodes included and uncertain in
Heteronectes, absent in Amphistium (see text for discussion).

3. Recessus orbitalis. Absent (0); present (1).

Present in all flatfishes, very uncertain (considered as absent)
in Psettodes, unknown in Amphistium and Heteronectes.

4. Palatine teeth. Present (0); absent (1).

Absent in all flatfishes, except for Psettodes, unknown in
Amphistium and Heteronectes.
5. Toothed plates on basihyal. Present (0); absent (1).
Absent in all flatfishes, except for Psettodes.
6. Basisphenoid. Present (0); absent (1).
Present in all flatfishes, except for Psettodes.
7. Spines in median fins. Present (0); absent (1).
Absent in all flatfishes, except for Psettodes.

8. Sciatic portion of urohyal. Absent or not well developed (0);
distinct and often elongated sciatic portion of urohyal (1).
Derived in all flatfishes, except for Psettodes; present in
Amphistium.

9. Uroneural 1. Present (0); reduction and losses of uroneurals
(1).

Present in all flatfishes, except for Psettodes.

10. Shape of second infrapharyngobranchial. Elongate second
infrapharyngobranchial (0); elliptical or rounded infrapharyn-
gobranchial of various sizes (sometimes very small) (1).
Derived condition in all flatfishes, except for Psettodes. The
absence of a second infrapharynogobranchial is an autapo-
morphy of Cynoglossidae.

11. Supramaxilla. Large supramaxilla (0); vestigial or absent (1).
Absent in all flatfishes, except for Psettodes.

12. Teeth on eyed side premaxilla. Present (0); absent (1).
Absent in Rhombosoleidae (except Oncopterus, Psammo-
discus, Azygopus), Achiridae, Soleidae, and Cynoglossidae.
Noted but not coded for pleuronectine Hypsopsetta, Pleuron-
ichthys, two species of Pleuronectes and Microstomus and in
the bothid Laeops.

13. Vomerine teeth. Present (0); absent (1).

Absent in Lepidoblepharon, Citharoides. Paralichthyidae,
Bothidae, Pleuronectinae, Poecilopsettinae, Rhombosoleinae,
Samarinae, Achiridae, Soleidae and Cynoglossidae, uncertain
in Heteronectes and Amphistium.

14. Pterosphenoid. Present (0); absent (1).

Present in Samarinae, Soleidae, Cynoglossidae. Absent, but
not coded for rhombosoleine Azygopus and two species of
bothid Laeops, unknown in Heteronectes and Amphistium.
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15.

16.

17.

18.

19.

20.

21.

22.
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Epioccipitals and foramen magnum. Exoccipitals forming
dorsal margin of foramen magnum (0); epioccipitals forming
dorsal margin of foramen magnum (1).

Derived condition in Rhombosoleinae (except Psammodis-
cus), Samarinae, Achiridae and Soleidae, unknown in Heter-
onectes and Amphistium.

Ventral margin of foramen magnum. Exoccipitals forming
ventral margin of foramen magnum (0). Basioccipital forming
part of ventral margin of foramen magnum (1). Scophthalmi-
dae, Paralichthyidae, Bothidae, Pleuronectinae and Samarinae
unknown in Heteronectes and Amphistium.

Blind side infraorbitals (including lachrymal). Present (0);
reduction to one bone or absent (1).

Derived condition in Psettodes, Brachypleura, Poecilopset-
tinae, Samarinae, Achiridae, Soleidae and Cynogiossidae
unknown in Heteronectes and Amphistium.

Eyed-side infraorbitals. Present (0); infraorbitals reduced to
one or two small bones (1).

Derived condition in Brachypleura, Bothidae, Poecilopset-
tinae, Rhombosoleinae, Samarinae, Achiridae, Soleidae and
Cynoglossidae. Observed but not coded in Pleuronectine
Embassichthys (Sakamoto, 1984) and Cyclopsetta group of
Hensley and Ahlstrom (1984), unknown in Heteronectes and
Amphistium.

Articulation of hyomandibula to cranium. Hyomandibula
articulates with cranium along its posterodorsal margin (some-
times in the form of a short process) into an articulatory facet
formed by prootic and pterotic (0); long posterodorsal process
(definitively longer than anterodorsal one) articulating with
pterotic and sometimes with intercalar (prootic not involved
in articulation) (1).

Derived condition in Samarinae, Soleidae, Achiridae and
Cynoglossidae.

Postcleithra and coraco-scapular complex on blind-side
pectoral fin. Large coraco-scapular complex with elongate
coracoid, some radials and postcleithra (0); postcleithra miss-
ing and entire coracoscapular complex sometimes absent or
reduced to small cartilaginous plates (1).

Derived condition in Samarinae, Achiridae, Soleidae and
Cynoglossidae.

Shape and orientation of first proximal pterygiophore of
dorsal fin. First proximal pterygiophore of dorsal fin without
long anterior process (0); first proximal pterygiophore oriented
almost parallel to the orbital region (1); first proximal pterygi-
ophore with long anterior process extending anteriorly relative
to point of attachment of anteriormost fin rays or extending
well in front of orbital and rostral regions (2).

Derived state (1) was observed in Samarinae and Achiridae.
Derived state (2) was observed in Soleidae and Cynoglossi-
dae.

Teeth on third epibranchial. Present (0); absent (1).

Absent in Psettodidae, Scophthalmidae, Pleuronectinae,
Poecilopsettinae, Rhombosoleinae, Achiridae, Soleidae and
Cynoglossidae. Plesiomorphic condition noted (in Sakamoto,
1984) but not encoded for pleuronectine Atherestes, Reinhard-
tius and Hippoglossus stenolepis Schmidt 1904, unknown in
Heteronectes and Amphistium.
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Shape of anteriormost proximal pterygiophore of anal fin.
Short proximal pterygiophores with one fin ray (0); anterior-
most pterygiophore is elongated (reaches hemal spine of cor-
responding vertebrae and supports two anal fin rays (1).
Derived condition in Caranx, Heteronectes, Amphistium and
all flatfishes, except for Psettodes and Brachypleura (figured
in Amaoka, 1972).

Spine in pelvic fin. Present (0); absent (1).

Absent in Scophthalmidae, Paralichthyidae, Bothidae, Pleu-
ronectinae, Poecilopsettinae, Rhombosoleinae, Samarinae,
Achiridae, Soleidae and Cynoglossidae.

Neural arch and spine on first precaudal vertebra. Neural
arch and neural spine on first precaudal centrum (0); absence
of neural spine on neural arch (1); incomplete (or absent) neu-
ral arch (2).

State (1) found in Bothidae (also found in Cyclopsetta group
(see Chapleau (1993) discussion on Paralichthyidae) not
encoded). State (2) observed in Poecilopsettidaec, Rhomboso-
leidae, Samaridae, Achiridae and Soleidae. The first precaudal
centrum missing (lost or fused to second precaudal vertebrae)
is an autapomorphy of Cynoglossidae (Chapleau and Keast,
1988).

Fusion of hypural plates. No fusion of hypural plates (0);
hypurals 3 and 4 fused and hypurals I and 2 fused (1).
Derived condition in Brachypleura, Scophthalmidae, Parali-
chthyidae (except Thysanopsetta and Tephrinectes), Bothidae
(except Mancopsetta), and Pleuronectidae. Other apomor-
phic state noted only for Samaridae (see Chapleau (1993)) is
hypurals 2-3-4 fused. Achirides Trinectes fimbriata (Hens-
ley and Ahlstrom, 1984) and Apionichthys unicolor (Chap-
leau (1993), unpubl. data) and rhombosoleid Psammodiscus
show samarid type of caudal skeleton (not coded in Chapleau,
1993). Ontogenetic data and outgroup comparisons indicate
that apomorphic states were acquired independently. Data cor-
roborating independent origin of apomorphic character states
are in Hensley and Ahlstrom (1984) for bothid Engyophrys
senta Ginsburg 1933 and Achiridae (Chapleau, 1993). In latter
case, state within plesiomorphic achirids (Achirus) is presence
of 5 distinct hypural plates.

Articulation of hypurals 1 and 2 to PUI. Hypural 1 and 2
in (or without) contact with PU I but without a large articula-
tory surface with PU I (0); tight and wide articulatory surface
between hypural plate and PUI, resembling a ball-and- socket
arrangement (1).

Derived condition in Brachypleura, Scophthalmidae, Parali-
chthyidae, Bothidae, Pleuronectidae.

Relation of hypural plates with PUI. Absence of fusion (0);
fusion of hypurals 3 and 4 to the centrum of PUI (1).

Derived contion in Brachypleura. Scophthalmidae, Paralich-
thyidae (except Tephrinectes and Thysanopsetta), Bothidae
(except Mancopsetta) and Pleuronectidae. Hensley and Ahl-
strom (1984) indicated that Citharoides had hypurals 3 and
4 fused to centrum of PU I but Chapleau and Keast (1988)
observed closely adjoined but unfused hypurals 3 and 4 to
centrum of PUI.

29.
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Fusion of proximal tip of hypurals to PU 1. Four hypurals
articulating but not fused to PU 1 (0); fusion of the proximal
tip of hypural plates to PUI (1).

Derived condition found in Soleidae and Cynoglossidae
(except Symphurus australis) and observed but not encoded
for two rhombosoleine genera (Peltorhamphus, Rhombos-
olea).

Edge of preoperculum. Posterior and ventral edge of pre-
opercle partly visible (0); posterior and ventral edge of pre-
opercle entirely concealed by scales and skin (1).

Derived condition in Soleidae and Cynoglossidae (see the text
of Chapleau (1993) for discussion of this character).
Eyed-side mesopterygoid. Present (0); absent (1).

Absent in Soleidae (except Pardachirus) and Cynoglossidae.
Indentation of opercular series. Absent (0); deep fimbriation
pattern of opercular bones (except preopercle) (1).

Derived condition in Soleidae and Cynoglossidae.

Shape of blind-side dentary. Portion of blind-side dentary
anterior to anguloarticular not markedly convex and nearly
equal in length and deepness on both sides of the head (0);
portion of blind side dentary anterior to anguloarticular is con-
vex and is shorter and deeper than the eyed-side dentary (1).
Derived condition in Soleidae and Cynoglossidae.

Hemal arch on PU2. Hemal arch not fused to centrum of PU2
(0); hemal arch fused to the centrum (1).

Derived in all flatfishes, except for Psettodes, Lepidoblepha-
ron, Citharoides and Achiridae.

Parhypural and centrum of PUI. Parhypural articulating
with centrum of PUI (0); parhypural forms a plate totally free
from PUI (1).

Derived state in all flatfishes, except Psettodes and Lepido-
blepharon.

Branchiostegal membranes. Branchiostegal membranes sep-
arate (0); membranes fused medially, with anteriormost bran-
chiostegals attached to each other (1).

Derived state in Paralichthyidae, Bothidae, Pleuronectidae,
Poecilopsettidae, Rhombosoleidae, Samaridae, Achiridae,
Soleidae and Cynoglossidae.

Blind-side preopercular canal. Preopercular canal opening
at anteroventral tip of preopercle (0); opening (where present)
along ventral margin of bone (1).

Derived condition in Achiridae, Soleidae (except Heteromyc-
teris) and Cynoglossidae. The achirid Gymnachirus and the
cynoglossid Symphurus lack a preopercular canal.
Contribution of blind-side lateral ethmoid and blind-side
frontal to margin of upper orbit. Important contribution
(40% or more) of blind-side frontal forming blind side bony
orbit (0); blind side lateral ethmoid forming most of the blind
side margin of the upper orbit (blind side frontal contribution
being minimal (1); nil (2).

State (1) observed in Achiridae. State (2) is present in Soleidae
(except Heteromycteris and Typhlachirus) and Cynoglossidae.
Skin on lower jaw and interopercle. Skin covering not con-
tinuous ventrally (0); skin is continuous and covering isthmus
and branchiostegals (1).

Derived condition in Soleidae, Achiridae and Cynoglossidae.
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