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The anatomical investigation of the osteology of both fossil and Recent species of the so-called Centropomidae was
conducted with three aims: of improving the taxa definition, providing anatomical descriptions suitable for palae-
ontological studies and establishing a hypothesis for the phylogenetic relationships of the family. The family inter-
relationships are reviewed according to phylogenetic principles and reconstructed based on a cladistic analysis using
29 characters (28 osteological, and one myological). The family Centropomidae as previously defined is paraphyletic.
The new family Latidae is monophyletic and includes Lates, Psammoperca and TEolates. The two former genera are
monophyletic whereas the latter genus is polyphyletic. Three fossil species are attributed to tEolates. The family
Centropomidae is monogeneric with Centropomus. © 2004 The Linnean Society of London, Zoological Journal of
the Linnean Society, 2004, 141, 81-133.
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INTRODUCTION tropomus) as proposed by Greenwood (1976), based on
the observed distribution of the dorsal epaxial muscu-
lature pattern among percoid fish and more generally
acanthomorphs. Consequently, they proposed to
replace the two subfamilies by the families Latidae
and Centropomidae. The anatomical investigation of
the osteology of the species reported in Lates (Recent
and fossil), fEolates (fossil) and Psammoperca
(Recent) was conducted with the three aims of improv-
ing the taxa definition, proposing a hypothesis of the
phylogenetic relationships of the family Latidae,
including both Recent and fossil species, and provid-
ing anatomical descriptions suitable for palaeontolog-
ical studies.

Previously, there was a consensus regarding the clas-
sification and relationships of the Recent genera Cen-
tropomus, Lates and Psammoperca, which were
grouped in the Centropomidae Poey, 1868, a family of
Recent tropical, marine and freshwater percoid fish
and fossils from the Tertiary through prehistoric
times. However, according to other authors, more gen-
era were added to the family: Ambassis and Glauco-
soma (Regan, 1913), Ambassis (Greenwood et al.,
1966; Nelson, 1976) and Niphon spinosus (Rivas &
Cook, 1968). Greenwood (1976) later restricted the
family to the four genera Centropomus, Lates, Psam-
moperca and TEolates, and established a hypothesis of
their interrelationships (Fig. 1A). This definition of
the family Centropomidae was contested by Waldman THE LATID FOSSIL RECORD
(1986), who suggested that Lateolabrax and Siniperca
also belong to the family. Recently, Mooi & Gill (1995)
questioned the relationship of Recent Latinae
(Lates + Psammoperca) with the Centropominae (Cen-

The anatomical re-investigation of fFEolates species,
i.e. TE.gracilis (Lower Eocene, Monte Bolca),
tE. aquensis (Lower Oligocene, Provence) and
tE. macrurus (Lower Eocene, Paris Basin), allows
them to be distinguished based on the skeleton of sev-
eral specimens of both the former species. The preser-
*E-mail: olga.otero@univ-poitiers.fr vation of the specimens of TE. macrurus is too poor to
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Figure 1. Phylogenetic relationships of the fish family Latidae: A, according to Greenwood (1976); B, new proposal.

allow new results. For the same reason, notes on Lates
fossil species mainly concern TLates bispinosus
(Neogene, Turkey), tLates karungae — of which only
vertebrae are known (Miocene, Kenya), and a
few TL. partshii (Miocene, Austria), TL.gregarius
(Miocene, Moldavia), fL. croaticus (Miocene, Croatia)
and L. macropterus (Oligocene, Italy). Apart from fos-
sil latid species, many fossils from the Mio-Pliocene of
the Afro-Arabian plate were described and/or referred
to Lates (Lates) sp. or to Lates sp. cf. niloticus from the
Lower Miocene of Saudi Arabia, Sultanate of Oman
(Greenwood, 1987; Otero & Gayet, 2001), Israel (Gold-
smith et al., 1982), Egypt (Priem, 1920) and Congo
(Greenwood & Howes, 1975); from the Upper Miocene
of Egypt (Priem, 1914), Tunisia (Greenwood, 1973)
and Kenya (Greenwood, 1951; Stewart, 1994); from
the Upper Miocene and Pliocene of Chad (Brunet
et al., 2000; Vignaud et al., 2002); and from the
Pliocene of Egypt (Greenwood, 1972), Libya (Gaudant,
1987), Congo (Greenwood, 1959; Greenwood & Howes,
1975; Van Neer, 1992) and Uganda (White, 1934; Van
Neer, 1994). Part of this material was re-examined
(see Appendix). In addition, the study of the fossil
specimen from the Messinian of Monte Castellaro
(Italy) led Otero & Sorbini (1999) to attribute it to the
species Lates niloticus. TL. maliensis (Holocene, Mali),
described by Gayet (1983), is also L. niloticus (Van
Neer & Gayet, 1988).

Another species of Lates has just been described in
the Lower Oligocene of Egypt (Murray & Attia,
2004).

Finally, the material of a proposed latid fish from
the Maastrichtian and Early Late Palaeocene of
Bolivia was described by Gayet & Meunier (1998). No
apomorphies at the familial or generic level are
described for this perciform fish, and therefore I ten-
tatively propose that it be placed as incertae sedis in
the order. fLates rhachirhynchus (Greenwood &
Howes, 1975) and fLates fajumensis (Weiler, 1929) are
now removed from the family Latidae. They belong to
two new genera: tSemlikiichthys rhachirhynchus
(Otero & Gayet, 1999a) and {Weilerichthys fajumensis
(Otero & Gayet, 1999b), and as they could not be

assigned to any family they remain in Percoidei
incertae sedis and are thus not included in the
analysis.

NEW PROPOSAL FOR THE PHYLOGENETIC
RELATIONSHIPS OF THE FAMILY LATIDAE (F1G. 1B)

This results from a cladistic analysis (following Hen-
nig, 1966) based on 29 characters (28 osteological and
one myological): Lates, Psammoperca and fEolates
form a paraphyletic group with Centropomus; the
monophyletic subfamily Latinae Jordan, 1923 is
established as a family (Fig. 1B), and the family Cen-
tropomidae is monogeneric (Centropomus), in agree-
ment with Mooi & Gill’s (1995) proposal. Three genera
belong to the family Latidae:

— Lates includes the Recent species L. niloticus,
L. calcarifer, L. macrophthalmus, L. longispinis,
L. angustifrons, L. microlepis, L. mariae and
L. stappersi (the last four are endemic to Lake Tan-
ganyika), and the fossil species TL. bispinosus,
tL. partshii, TL. gregarius, L. croaticus, fL. karun-
gae and TL. macropterus. Many African fossils from
Miocene and Pliocene sites are assigned either to
Lates, or to L. niloticus. The genus Lates is estab-
lished on apomorphic characters.

— Psammoperca is a monotypic genus.

— the fossil genus ftEolates has three species:
tE. gracilis, TE. aquensis and T{E. macrurus. The
validity of this genus, established by Sorbini (1970),
was discussed by Gaudant (1977) and Gaudant &
Sen (1979), who argued to keep only the genus
Lates, because TEolates characters (all of the caudal
skeleton) are not observable in every fossil. I adopt
another point of view. Whether or not fEolates is
monophyletic, Lates is a monophyletic genus based
on three synapomorphies, and they form a para-
phyletic group with the fEolates species. So,
TEolates is kept as a separate genus containing the
‘basal’ latids, i.e. the non-Lates and non-Psammo-
perca latids.

Psammoperca and Lates appear to form a mono-
phyletic group, based on at least two apomorphies.

© 2004 The Linnean Society of London, Zoological Journal of the Linnean Society, 2004, 141, 81-133

20z Iudy Gz uo 1senb AQ GL.Z4Z9Z/L8/L/ L1 L/2I0IE/UBSUUII00Z/WOD dNO"OIWSpEoR)/:SARY WO} POPEOJUMOQ



ANATOMY, SYSTEMATICS AND PHYLOGENY OF LATID FISHES 83

TERMINOLOGY AND MATERIAL
ABBREVIATIONS

DS: dry skeleton; FSL: Faculté des Sciences de Lyon
(Lyon, France); JEM: Francois Meunier personal col-
lection (Paris, France); MCSNV: Museo Civico di Sto-
ria Naturale di Verona (Verona, Italy); MG: Mireille
Gayet personal collection (Lyon, France); MNHN:
Muséum national d’Histoire naturelle (Paris, France);
MRAC: Musée royal d’Afrique centrale (Tervuren, Bel-
gium); NHM: The Natural History Museum (London,
UK), formerly the British Museum of Natural History;
NKM: Naturkunde Museum (Stuttgart, Germany); SI:
Senckenberg Institut (Frankfurt, Germany); *: indi-
viduals prepared following the transfer method of
Toombs & Rixon (1950); §: fossil taxa.

FORMULAE

The vertebral formula gives the number of abdominal
vertebrae, the number of postabdominal vertebrae
(the pseudurostylar complex is counted as one ele-
ment); and the number of postabdominal vertebrae
supporting the caudal skeleton is given in parenthe-
ses. For example, VC = 10 + 14/15 (4): ten abdominal
and 14 or 15 postabdominal vertebrae, among which
are four caudal.

The predorsal formula, defined by Ahlstrom, Butler
& Sumida (1976) and Johnson (1984), and modified
following Patterson’s (1992) definition of the supernu-
merary spines, gives the count and the position of pre-
dorsal bones (0) and of the first dorsal pterygiophores;
the pterygiophores are represented by the number of
the supernumerary spine(s) they support, in bold
Roman numerals, and/or by the number of spine(s)
serially associated with it, in normal Roman numer-
als. Predorsal = 0/0/0+II/I+1/: front to back, first pre-
dorsal, first neural spine, second predorsal, second
neural spine, third predorsal, first dorsal pterygio-
phore supporting one supernumerary spine and one
serial spine, third neural spine, second and third dor-
sal pterygiophores, each supporting one serial spine,
fourth neural spine.

The dorsal and anal formulae give the number of
spines (Roman numeral) and rays (Arabic number).
When the dorsal fin is double, the formulae are sepa-
rated by a — D =VIII/IX - 1+10/12: eight or nine
spines (first dorsal fin), one spine and 10-12 rays (sec-
ond dorsal fin).

The caudal formula gives, from top to bottom, the
number of dorsal procurrent rays (Arabic number in
parentheses), the dorsal unbranched principal ray (I),
the number of dorsal branched principal rays (Arabic
number), the number of ventral branched principal
rays (Arabic number), the ventral unbranched princi-
pal ray (I) and the number of ventral procurrent rays

(Arabic number in parentheses). C = (6/11)+I+7 —
6+1+(6/9): 6-11 dorsal procurrent rays, unbranched
dorsal principal ray, seven branched dorsal principal
rays, six branched ventral principal rays unbranched
ventral principal ray, 6-9 ventral procurrent rays.

The paired fin formulae give the ray count (Arabic
number), and the spine presence (I). Pect = 14: 14 rays
in the pectoral fin; Pelv = I+5: one spine and five rays
in the pelvic fin.

MATERIAL AND TAXA DEFINITION

A list of the studied material of Latidae, Centropomi-
dae and comparative species is given in the Appendix.

Bibliographical data are mainly from Patterson
(1964) and Gaudant (1978) for ctenothrissiforms,
Gaudant (1978) for pattersonichthyiforms, Otero &
Gayet (1996) for aipichthyoids and Zehren (1979) for
Beryciformes. The definitions for percomorph taxa
derive from Johnson & Patterson (1993) for percomor-
phs, this study for centropomids and latids, and Ken-
dall (1984) for serranids.

SYSTEMATIC PALAEONTOLOGY

ORDER PERCIFORMES BLEEKER, 1859
SUBORDER PERCOIDEI BLEEKER, 1859
FAMILY LATIDAE JORDAN, 1923

Emended diagnosis: Percoid family characterized by:
mesethmoid projections present; supraoccipital crest
extending far forward between the frontals; reduction
of the metapterygoid lamina to a relictual ridge and a
notch; single supramaxilla with or without an anterior
process; sensory canal on the ascending branch of the
preoperculum in a bony tube; first haemal spine trifid;
a single dorsal supernumerary spine; spines devel-
oped on the caudal border of the cleithral plate (lost by
Psammoperca); ventral expansion of the cleithral
plate; and a sharp pointed process of the pelvic girdle.

In addition, they have: laterally compressed body;
maxillae extending posteriorly beyond the midpoint of
the eyes (sometimes to the level of the posterior mar-
gin of the eyes); prognathus jaw; supraoccipital crest
and continuous fronto-parietal crests; posterior pro-
cess of the epiotic present; teeth on the vomer,
palatine, ectopterygoid, premaxilla and dentary; pos-
terior process of the premaxilla with a concave poste-
rior border (unknown in fEolates); ventral border of
the first infraorbital and posterior border of the post-
temporal serrated; cephalic sensory canals running in
bony tubes; large triangular spine at the posterior
angle of the two preopercular limbs; 3—4 (rarely more)
strong triangular spines developed on the ventral
border of the properculum horizontal limb (lost by
Psammoperca and L. stappersi); one well-developed
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opercular spine; vertebral column with 24 or 25 (some-
times 26) vertebrae, of which usually 11 are abdomi-
nal (ten in a single species); VC = 10/11+13/15(4); an
enlarged neural spine of the second vertebra; no
parapophyses on the 5-7 anteriormost vertebrae; 4—-8
pairs of epineurals; Predorsal = /0/0+0+II/I+I/or 0/0/
0+II/T+I/ (most common latid formulae) or other equiv-
alent predorsal formula; one dorsal supernumerary
spine; D = VIII/IX+8/13, dorsal fins separated by a gap
with one or two isolated spines; A = II/ITI+7/9; first
anal pterygiophore slightly inclined backwards and
not hypertrophied; two anal supernumerary spines;
anal and dorsal anteriormost pterygiophores bipar-
tite, posteriormost ones tripartite; stegural present;
uroneural present or absent; two or three epurals; cau-
dal spur of the first ventral marginal ray absent or
present; caudal fin with posterior border rounded,
truncated or forked; C =(6/11)-1-8 : 7-1-(6/9);
Pelv = I+5; Pect = 16/17; seven branchiostegal rays;
pseudobranch covered; ctenoid scales small to moder-
ate in size, dorsally not extending on to the head in
front of the midpoint of the eye (usually beyond the
posterior border of the orbit), present on cheek and
operculum and scaly sheath at the base of the median
fins; lateral line scales extending on to the caudal fin
and usually reaching its posterior border in one or
three rows.

Occurrence: About ten Recent species within two gen-
era (Lates and Psammoperca), in fresh to brackish and
estuarine waters of tropical Africa and in the marine
waters of the Indo-Pacific coasts, and nine fossil spe-
cies in the genera Lates and tEolates, in freshwater to
brackish habitats and marine waters of Afro-Arabia
and Europe (see below).

Remark: The material of a proposed latid fish from the
Maastrichtian and early Late Palaeocene of Bolivia
was noted by Gayet (1991), and described by Gayet &
Meunier (1998). None of the apomorphies at the famil-
ial or generic level is described for this perciform fish,
and therefore I remain cautious of this determination
and propose it be left in an incertae sedis position.

GENUS tEOLATES SORBINI, 1970

1828 — Lates Cuvier & Valenciennes, p. 88.
1970 — tEolates Sorbini, p. 11.

Type species: TLates gracilis (Agassiz, 1843).

Emended diagnosis: A polyphyletic genus and latid
stem group, it unites latid species that are plesiomor-
phic when compared with Lates + Psammoperca:
there are three epurals, no apophysis on the haemal
spine of the preural vertebra 2 and five free and autog-
enous hypurals. Moreover, their predorsal formula
(/0/0+0/11/1+1/; 0/0/0+11/I+1/) often varies from that of

Recent latids; they have more than three small spines
on the posterior border of the cleithrum; one row of lat-
eral line scales on the caudal fin (as in Lates); VC = 10/
11+13/15(4); epineurals developed on the first six or
seven vertebrae; D = VIII/IX+I1-(9)10/12; gap between
the dorsal fins reduced in size when compared with
Recent species; A = II/ITI+7/8, C =1-8 : 7-I; stegural
and uroneural present; caudal fin with posterior bor-
der rounded. A caudal spur is present on the first
procurrent ventral ray of fEolates (observed in
TE. gracilis).

The three TEolates species differ from each other in
the combination of several characters. They all are
Palaeogene Tethyan species.

TEOLATES GRACILIS (AGASSIZ, 1843)

1843 — fLates gracilis Agassiz, p. 25, pl. 3.

1843 — fLates gibbus Agassiz, p. 27, pl. 4.

1843 — fLates notaeus Agassiz, p. 29, pl. 5.

1970 — fEolates gracilis (Agassiz), Sorbini, p. 11.

Emended diagnosis: TEolates smaller than 0.3 m
standard length. A posterior pad develops on infraor-
bital 1; VC = 10+14(4) (both those characters are
unique in the family); no parapophysis on the first five
abdominal vertebrae; epineurals on the first seven
vertebrae; D =VIII-1+10(9); A =III+8; maximal
depth of the body about 35-45% of standard length;
biggest dorsal spine about 18-25% of standard length;
caudal peduncle deeper than long.

Occurrence: Monte Bolca (Italy), Lower Eocene (Ilerd-
ian or Cuisian), marine habitat.

TEOLATES MACRURUS (AGASSIZ, 1843)

1843 — fLates macrurus Agassiz, p. 29, pl. 6.
1975 — fEolates macrurus (Agassiz), Sorbini, p. 33.

Emended diagnosis: TEolates smaller than 0.3 m
standard length, usually 11 dorsal rays; maximal
depth of the body about 20-25% of standard length;
caudal peduncle longer than deep (x1.5).

Occurrence: Paris Basin (France), Lower Eocene
(Lutetian), marine habitat.

TEOLATES AQUENSIS (GAUDANT, 1977)
1977 — tLates aquensis Gaudant, p. 206, pl. 1, fig. 2.

Emended diagnosis: TEolates smaller than 0.15 m
standard length; VC = 11+13/14(15); no parapophysis
on the first seven abdominal vertebrae; D = VII — I+10/
12; A = II1+7/8; maximal depth of the body is about 28—
34% of standard length; biggest dorsal spine about 26—
30% of standard length; caudal peduncle as deep as
long.

© 2004 The Linnean Society of London, Zoological Journal of the Linnean Society, 2004, 141, 81-133

20z Iudy Gz uo 1senb AQ GL.Z4Z9Z/L8/L/ L1 L/2I0IE/UBSUUII00Z/WOD dNO"OIWSpEoR)/:SARY WO} POPEOJUMOQ



ANATOMY, SYSTEMATICS AND PHYLOGENY OF LATID FISHES 85

Occurrence: Aix-en-Provence (France), Upper Oli-
gocene (Upper Stampian), lacustrine habitat.

Note on an unnamed taxon and on the characters not
observable in fossils

Lates and Psammoperca species form a monophyletic
group sharing two apomorphies: two epurals and the
fusion of hypurals 3 and 4 to the centrum. Moreover, a
modification of the posttemporal in relation to its con-
nection with the swimbladder tunica externa exists in
Lates and Psammoperca but cannot be observed in the
genus TEolates. This character is either a latid or a
third Lates + Psammoperca apomorphy. Lastly, Psam-
moperca and Lates resemble each other and differ
from fEolates in having a well-developed apophysis on
the haemal spine of preural vertebra 2.

GENUS PSAMMOPERCA RICHARDSON, 1844

1828 — Labrax Cuvier & Valenciennes.
1844 — Psammoperca Richardson.

Type species: Labrax waigiensis Cuvier & Valenci-
ennes, 1828.

Emended diagnosis: Latid genus characterized by: a
smooth horizontal limb of the preoperculum; single
supramaxilla without any anterior process; dorsal and
anal pterygiophores bipartite; no uroneural, and
smooth posterior border of the cleithrum.

It differs from Lates but resembles tEolates in hav-
ing one row of lateral line scales on the caudal fin. It
differs from Lates in having the nostrils widely sepa-
rated on each side of the head and several supralamel-
lar toothpatches only on the outer face of the first four
gill arches and one tooth patch on the basihyal (both
those characters are unknown in fEolates). In addi-
tion, Psammoperca is the only latid showing the com-
bination of the following characters: VC = 11+14(4); no
parapophysis on the first 5-6 abdominal vertebrae;
epineurals on the first 7-8 abdominal vertebrae;
Predorsal = 0/0/0+1I/I+I/ D =VII -1+12; A =1II+8;
C = (7/8)-1-8 : 7-1-8(7/8); caudal fin with posterior bor-
der rounded; caudal spur absent.

Occurrence: One Recent species in the coastal Indo-
Pacific marine waters.

Situation of Hypopterus: This genus was put in syn-
onymy with Psammoperca by Greenwood (1976), who
considered the type species of the genus Hypopterus
(Psammoperca macroptera Gunther, 1859) as a syn-
onym of P waigiensis. Several authors (Allen &
Swainston, 1988; Paxton et al., 1989) consider this
taxon to be a valid genus. The question is not dis-
cussed here, and no specimen attributed to
Hypopterus has been examined.

GENUS LATES CUVIER & VALENCIENNES, 1828

1758 — Perca Linnaeus (erratum).
1828 — Lates Cuvier & Valenciennes, p. 88.

Type species: Perca nilotica (Linnaeus, 1758).

Emended diagnosis: The genus is monophyletic and
characterized by the presence of a ridge on the artic-
ular process of the premaxilla; the bean-shaped exoc-
cipital facets for the articulation with the first
centrum. Moreover, Lates differs from both Psammo-
perca and TEolates in having three rows of lateral line
scales on the caudal fin.

It differs from Psammoperca in having the nostril of
each side close together; no basihyal tooth patch and
several supralamellar tooth patches on both the outer
and the inner faces of the first four gill arches (these
characters are unknown in fEolates). It differs from
Psammoperca and resembles fEolates in having a
supramaxilla with an anterior process; a horizontal
limb of the preoperculum with three or four spines
(sometimes more) large and flattened in most species,
reduced in some others; the posterior border of the
posttemporal serrated; normally three small spines on
the cleithrum posterior border; and a uroneural
present.

In addition, Lates is characterized by the following
characters: VC = 11+14(4); no parapophysis on the
first 5-7 abdominal vertebrae; epineurals present on
the first 5-7 abdominal vertebrae; Predorsal = 0/0/
0+II/I+I/ D = VII(VIII) — I+10/12(13); A = II1+7/9; the
first 4-5 dorsal pterygiophores, and the first 2-5 anal
pterygiophores bear bipartite rays (the rest of the
pterygiophores in both the dorsal and the anal fins are
tripartite); C = (6/11)-8-1 : I-7-(6/9); stegural and uro-
neural present; caudal fin with a posterior border
either rounded, truncated or forked; caudal spur
present.

Occurrence: Eight Recent species, of which seven live
in freshwater to brackish habitat of tropical Africa and
one is in the coastal marine and estuarine waters of
the Indo-Pacific. Fossil Lates are numerous in African
and European continental deposits and they belong
either to one of the six fossil T Lates species (see below),
or to Lates niloticus, or are left as Lates sp.

Remark: Two subgenera were defined; however, they
are not shown to be monophyletic. Lates (Lates) with
Recent and fossil species is probably a paraphyletic
group. Lates (Luciolates) could be monophyletic (see
Discussion).

SUBGENUS LATES (LATES) GREENWOOD, 1976

1758 — Perca Linnaeus (erratum).
1828 — Lates Cuvier & Valenciennes, p. 88.
1976 — Lates (Lates) Greenwood, p. 77.
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Type species: Perca nilotica (Linnaeus, 1758).

Emended diagnosis: The monophyly of the subgenus
is poorly supported. It may be the Lates stem group.
Lates (Lates) species have a well-developed pleuro-
sphenoid pedicle; the posterior border of the lateral
ethmoid between the parasphenoid and the frontal is
almost vertical; no noticeable elongation of the ethmo-
vomerian region (about 20% or less of the neurocranial
length).

Occurrence: Four Recent species: L. niloticus (Lin-
naeus (1758), in the northern and western regions of
tropical Africa and in lakes Chad, Albert (= Mobutu)
and Turkana (introduced in lakes Victoria and Kioga);
L. macrophthalmus, endemic to lake Albert;
L. longispinis endemic to lake Turkana; and
L. calcarifer (Bloch, 1790), living in coastal marine
Indo-Pacific and Eastern Pacific waters [sometimes in
estuarine habitats (Weber & Beaufort, 1929)].

SUBGENUS LATES (LUCIOLATES) GREENWOOD, 1976

1914 — Luciolates Boulenger (erratum).
1976 — Lates (Luciolates) Greenwood, p. 78.

Type species: Luciolates stappersi (Boulenger, 1914).

Emended diagnosis: The monophyly of Lates (Luci-
olates) is probable. They present an elongated ethmo-
vomerian region (more than 20% of the neurocranial
length); the posterior border of the lateral ethmoid
slopes backward from the parasphenoid to the frontal
in a sharp angle; the parasphenoid is angled behind
the level of the orbit; and the pleurosphenoid pedicle is
little or not at all developed.

Occurrence: Four Recent species, all of which, and only
these four species of the genus, are endemic to Lake
Tanganyika: L. angustifrons  Boulenger, 1906;
L. microlepis Boulenger, 1898; L. mariae Stein-
dachner, 1909; L. stappersi Boulenger, 1914.

Six fossil species are attributed to genus Lates. TLates
bispinosus [Gaudant & Sen, 1979; Neogene, Altinova
(Turkey)] is known by a single specimen missing both
its anteriormost and posteriormost parts. The
specimen has a standard length of at least 0.5 m;
formulae: VC = 11+?, D = VII - I+10, A =II+7(?); no
parapophysis on the first seven abdominal vertebrae;
epineurals on the first six vertebrae. L. partshii
[Heckel, 1856; Middle Miocene from Breitenbrun
(Vienna Basin, Austria)] shows enough characteristics
to be recognized as a Lates with two epurals and three
small spines on the posterior border of the cleithrum.
By contrast, the four other species do not show enough
diagnostic characteristics to be referred to either
Lates, or any other latid genus: L. macropterus (Bas-
sani, 1889; Oligocene of Chiavon, Italy) is very badly

preserved (Sorbini, 1975); L. gregarius (Bannikov,
1992; Upper Miocene of Northern Moldavia) has
the latid common predorsal formula (0/0/0+II/I+1/);
TL. croaticus (Kramberger, 1902; Miocene of Croatia);
tL. karungae (Greenwood, 1951; Miocene, Palaeo-lake
Victoria, Kenya) is only known by its vertebrae, simi-
lar to those of L. niloticus or L. calcarifer, except for a
posterior concavity at the base of the anterior facet of
the first vertebra, and the third vertebra, the centrum
of which is as long as wide and the facet for the artic-
ulation of the rib as deep as long.

Remark: L. albertianus (Recent, Lake Albert) and
TL. maliensis (Holocene, Mali) are synonyms of
L. niloticus.

COMPARATIVE ANATOMY OF LATID FISHES

Among the latid species, the Recent species from Lake
Tanganyika are elongate in shape compared with the
others. The general elongation of the body is more or
less apparent depending on the species. The elonga-
tion of the neurocranium in these species is correlated
with that of the body, and the increased gracility of the
bones and their ornamentation is less apparent.

NEUROCRANIUM

Greenwood (1976) noted there are two different types
of latid fish according to the development of the neu-
rocranium. Psammoperca waigiensis, Lates niloticus,
L. calcarifer, L. longispinis and L. macrophthalmus
have a wide, strongly ossified neurocranium, whereas
the Tanganyikan species show a narrowing of the
whole neurocranium in dorsal view along a gradient
from L. angustifrons (the less modified species when
compared with L. niloticus) — L. microlepis — L. mar-
iae — L. stappersi. Among the former group, L. mac-
rophthalmus, L. longispinis (Greenwood, 1976) and
Psammoperca waigiensis have a narrower anterior
part of the neurocranium (in dorsal view) compared
with their large braincase. L. longispinis and
L. macrophthalmus have a larger orbit. The narrow-
ing of the neurocranium, the elongation of the ethmo-
vomerian region (Table 1, ratio d/a), the reduction of
the pleurosphenoid region (Table 1, ratio e/a), the
increased expansion of the supraoccipital between the
frontals (Table 1, ratio b/a compared with c/a), and the
gracility of the bones (the lateral ethmoid projections
and the crests, among others, are thinner) are corre-
lated. There are merely slight differences between the
dimensions of the neurocranium of Lates niloticus and
L. calcarifer, when comparing specimens of equal
sizes (Table 1). Greenwood (1976) noticed that a more
forward position of the orbit in young L. calcarifer
compared with equal-sized L. niloticus disappeared
when comparing larger specimens of both species [see
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Table 1. Variation in the dimensions of the neurocrania in Recent Lates species

Specimens/measures a (mm) b/a c/a (b +c)a d/a e/a f/a g/a
L. niloticus MG 205 114 57 53 110 18 52 6 37
L. niloticus MG 206 96 50 60 110 18 51 5 41
L. niloticus MG 207 405 61 52 113 18 55 6 34
L. niloticus NHM 28.228 [4] 75.9 54 >54 110 (7 19 36 4 48
L. niloticus NHM 28.228 [zo00] 122.9 48 60 108 19 38 5 53
L. calcarifer MG 26 38 55 53 108 19 47 5 20
L. calcarifer NHM 28.228 [1873-1-21:2] 102.7 56 53 (?) 109 (7) 15 36 4 50
L. calcarifer NHM 28.228 [1985-11-14:1] 129.4 54 54 (?) 108 (?) 14 37 4 55
L. angustifrons NHM 28.228 [1955-12-20:17222] 118.9 54 >54 109 (7) 23 33 5 42
L. stappersi NHM 28.228 [1975-4-23:1] 103.7 43 57 110 28 26 2 32
(a) Distance from the front of the vomer to the back of the

basioccipital.

(b) Distance from the front of the vomer to the front of the

supraoccipital.

(c) Length of the supraoccipital crest dorsal border. c

(d) Distance from the vomer anteriormost level to the

orbital anteriormost level. i~

(e) Distance from the posteriormost level of the otic 6\

commissure anterior border to the basioccipital posterior-

most level. P P (_'—/::) \D,f.

(f) Minimal width of the otic commissure in front of the ] I e
trigemino-facialis chamber. d - g

(g) Distance from the anteriormost level of the orbital
posterior border to the posteriormost level of the
basioccipital.

also Table 1 (g/a)l. fEolates gracilis, TE. aquensis
(poorly preserved) and {Lates bispinosus (only the pos-
torbital part of its neurocranium is known) show the
same proportions as L. niloticus. Intraspecific varia-
tions in the neurocranium shape do exist: the skull of
one L. niloticus from the London Zoo Aquarium shows
a massive skeleton, particularly the crests and pro-
cesses, which are much wider and higher than in any
wild individual. More generally, in larger individuals
the snout is bulkier, the neurocranium is shallower
and the orbit is relatively smaller in diameter than in
smaller individuals.

The ethmovomerine region is at least 20% of the
neurocranial length (Table 1, ratio d/a). Greenwood
(1976) considered this strong development of the
ethmovomerine region one of the characteristics
strengthening his concept of the family Centropomi-
dae (i.e. Latidae + Centropomidae). Its development
is similar in Psammoperca, Lates niloticus,
L. macrophthalmus and L. longispinis; the snout of
L. calcarifer is a little shorter. In comparison with the
former species, the snout in the Tanganyikan species
is elongated (Fig. 2A-F; Table 1, ratio d/a). Moreover
the general narrowing of the skull described before,
the lengthening of the ethmovomerine region in the
Tanganyikan species is correlated with weakly demar-
cated articular facets. Greenwood (1976) considered

a

Rates are given in per cent.

this to be a strong argument for the monophyly of the
Tanganyikan group uniting Lates (Luciolates) species.

The lateral ethmoid (Fig. 2) shows three articular
facets: the antero- and posteroventral facets, respec-
tively, articulate with the anterior and posterior dorsal
facets of the palatine; the lateral facet on the tip of the
lateral projection articulates with the first infraorbital
(Greenwood, 1976). This corresponds to the general
pattern observed in perciforms. In Tanganyikan spe-
cies, the posterior border of the lateral ethmoid slopes
backward from the parasphenoid to the frontal in a
sharp angle (Fig. 2D-F), whereas in other Lates spe-
cies, Psammoperca (Greenwood, 1976) and tEolates,
the posterior border from the parasphenoid to the fron-
tal is almost vertical (e.g. Lates calcarifer, Fig. 2B). The
orbital part of the lateral ethmoid always inserts on
the ventral face of the frontal, and thus those varia-
tions are correlated with the general elongation of the
ethmovomerine region. Likewise, the narrowing of the
lateral ethmoid (particularly of the lateral projections)
and the poorly differentiated limits of the facet are cor-
related with the decreasing ossification of the neuroc-
ranium. Consequently, the lateral ethmoid is narrower
and the lateral projections are more reduced in Tang-
anyikan species. Moreover, there are some variations
in the lateral ethmoid among individuals: the foramen
for nerve I opens more or less anterodorsally and lat-
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Figure 2. Ethmovomerine region in some Recent Lates species: A, B, L. calcarifer; C, D, L. angustifrons; E, F, L. stappersi;
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straight concave convex pointed

Figure 3. The different types of the vomerine tooth patch
according to Van Neer (1987): A, type 1; B, type 2; C, type 3;
D, type 4.

erally (as observed in Lates niloticus by Van Neer &
Gayet, 1988); the shape, the size and the direction of
the facets vary (the ventro-posterior facet, which
shows the greatest variation, is dramatically reduced
in larger individuals); the lateral ethmoid is more or
less flattened (the whole orbital region is more flat-
tened in large individuals); the lateral projection
makes a slope or an angle with the body of the bone. In
larger L. niloticus, the lateral ethmoid ventrally
extends posteriorly on the parasphenoid.

The vomer (Figs 2, 3) of Psammoperca is smaller
and its tooth patch projects ventrally below the level of
the parasphenoid. It is narrow in Tanganyikan spe-
cies. In other Lates species, the vomer is stockier and
bulkier and the tooth patch barely projects below the
level of the parasphenoid. In all latid fish, the tooth
patch is perfectly fused with the body of the vomer.
Van Neer (1987) defined four different types of tooth
patch outlines in Lates niloticus (Fig. 3A-D). He noted
that type 3 is rare in Recent L. niloticus (usually
showing type 1) and common in the Quaternary
Malian L. niloticus, probably due to interpopulation

variation but also correlated with the individual’s
growth. In L. niloticus, the tooth patch can be very
reduced (Gayet, 1983). In the Tanganyikan species
(Fig. 2C-F), L. calcarifer (Fig. 2A, B) and other species
except L. niloticus the tooth patch belongs to type 2.
The vomerian teeth are numerous, villiform and
undifferentiated, except in Lates stappersi, the teeth
of which are caniniform and variable in size according
to their position on the patch.

The mesethmoid (Figs 2, 4) bears projections in both
Recent and fossil latids. They project anteriorly, not
parallel but with a sharp angle between them
(Fig. 4A-G). However, they show some interspecific
differences: less elongated in Lates mariae and
L. stappersi (Fig. 4C, D); they can be horizontal as in
L. calcarifer (Fig.2B) and L. niloticus, or directed
slightly downwards (Fig. 2D, F). In Psammoperca
(Fig. 4G), they are very thin and directed more later-
ally than in other latids. There is an attachment sur-
face for the upper jaw ligaments on the tip of each
projection. According to the individuals, it varies in
shape from concave and oval to flat and polygonal, and
it can be directed ventrally or anteriorly, changing the
outline of the projection tip from pointed to truncated.

The pleurosphenoid pedicle (Figs 5-9) is a bony
structure formed by the parasphenoid, the pleuro-
sphenoid and the prootic in place of the lateral liga-
ment that joins the prootic and the pleurosphenoid
and covers the internal jugular (Fig. 5A-D). It devel-
ops only in Lates (Lates) species and in L. angustifrons
but not in other L. (Luciolates) and Psammoperca. In
agreement with the observations of Greenwood (1976;
he described the state of the pedicle in each species
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Figure 5. Diagram showing the pleurosphenoid pedicle development in Lates niloticus, after Greenwood’s (1976) figures
and remarks, and personal observations.

In Lates niloticus, the pedicle development shows the maximal speed
| A | B | C D and it stops late in the specimen growth (neurocranial length 125 mm).
(neurocranial length) 75 mm 125 mm
In L. ispinis and L. the pedicle ps as fast
| A | B | C | as in L. niloticus (same development for equal neurocranial length) but

the development stops earlier (neurocranial length 75 mm).
end of the pedicle development T75 mm

In L. angustifrons, it does not develop so fast as in L. niloticus but
| A | B | C | stops for the same neurocranial length (125 mm, when it shows the
development of L. niloticus with 75 mm in neurocranial length).
T75 mm 125 mm T
L. , L. mariae, L. stappersi and do not
A develop any pedlcle and show the same pattern as a young L. niloticus

(with 12-16 mm in neurocranial length).

Figure 6. Schematic drawings of the pleurosphenoid pedicle development in Recent latids, after Greenwood’s (1976) fig-
ures and remarks, and personal observations (see Fig. 5 for the definition of states A, B, C and D).

44-mm L. microlepis neurocranium, in a 104-mm
L. mariae neurocranium, and its absence in

and the ontogenetic process of its development), the
main developmental stages in Lates niloticus

(Figs 5A-D, 6, 7, 8A) and those reached in the affected
latid species are described and figured (Figs 6, 8B-H).
However, he assumed that the low ridge observed in a

L. stappersi corresponded to a very early phase of the
pedicle developmental sequence. I found no argument
to support this. The pedicle development appears to be
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correlated with the broadening of the otic commissure
and the lateral extension of the frontal plate above the
posterior part of the orbit. This is observed in fLates
bispinosus (Fig. 9), but the bones are crushed or cov-

ered in this area, so that the probable presence of the
pedicle cannot be ascertained. fEolates gracilis speci-
mens do not show any bone in the area; the pedicle is
absent.
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The sphenotic and the prootic share the anterior
facet of the articulation of the hyomandibula; the
sphenotic and the pterotic share a longitudinal surface
for the opercular dilatator muscle, followed by the
pterotic oval surface for the opercular levator muscle
(Fig. 7). This pattern is common to perciform fish.
However, in some the facets are fused whereas they
are always separate in latid fish. The sphenotic lateral
plate develops from the anterior facet to the otic com-
missure level, at which point it is narrower in Tanga-
nyikan species than in other latids (as is the whole
neurocranium). The prootic part of the otic commis-
sure anteriorly borders the trigemino-facialis cham-
ber. The chamber is wider in larger individuals,
particularly in species with a pleurosphenoid pedicle.
A vertical process of the prootic is present, posterior to
the hyomandibular anterior facet. On the sphenotic,
the otic commissure is ornamented with small pores
aligned parallel to the sphenotic anterior border,
whereas it is smooth on the prootic.

The pleurosphenoid and the basisphenoid (Figs 7-9)
do not show clear differences among Recent latid
species and they are not preserved in the examined
fossils.

The parasphenoid (Figs 8, 9) ventral border is either
straight [Lates niloticus, L. calcarifer, L. macrophthal-
mus, TEolates gracilis, TE. aquensis, TLates bispinosus
(Figs 8A, B, D, 9)] or slightly curved [Lates angusti-
frons, L. longispinis, Psammoperca  waigiensis
(Fig. 8C, E, I)], to strongly bent behind the level of the
orbit [Lates microlepis, L. stappersi, L. mariae
(Fig. 8F—H)]. The ‘different stages’ of angling recog-
nized by Greenwood (1976) are doubtful and probably
a result of the method of drawing (the horizontal level
is given by the parasphenoid either in its orbital part
or in its braincase part). In transverse section, the
parasphenoid ventral face is either flat or slightly con-
cave in the orbital region and convex in the braincase
region. A median crest develops on the parasphenoid
between the orbits. It starts with a maximal height

between the lateral ethmoids and decreases posteriorly
(Figs 2B, D, F, 8A-H, 9) and also depending on the size
of the individuals. In larger L. niloticus and in
L. macrophthalmus, the crest is a low pad. In
L. niloticus, Van Neer & Gayet (1988) observed strong
variations in the development of the parasphenoid
interdigitating suture with the basioccipital and the
vomer. The interdigitations are shorter in larger
individuals.

Among fossil latids, the temporal region and the dor-
sicranium are well known in {Lates bispinosus (Fig. 9).
The posttemporal fossa is opened as in Recent latids, in
which, according to Greenwood (1976), the fossa is
deep (except Lates stappersi) and closed off by a tough
membrane. The supraoccipital (Figs 8-10) separates
the parietals and inserts between the frontals, reach-
ing far anteriorly to the level of the median sensory
opening (Greenwood, 1976). More precisely, it borders
from one-quarter to half the frontal length: around
one-quarter in Lates calcarifer, L. macrophthalmus
and L. mariae (Figs 8B, D, G, 10B, D, G), one-third in
L. longispinis and L. microlepis (Figs 8C, F, 10C, F),
between one-third and a half in L. angustifrons
(Figs 8E, 10E), and a half in L. stappersi and Psam-
moperca (Fig. 8H, I). These observations, made on few
individuals (sometimes a single one), have to be inter-
preted according to the observations made in
L. niloticus. In this species, the larger the individual,
the shorter is the extension of the supraoccipital
between the frontals (from one-third of the frontal
length in small individuals to one-quarter in larger
ones). Thus I do not follow Greenwood’s (1976) assump-
tion that in Lates angustifrons, L. mariae and
L. microlepis the weakness of the supraoccipital exten-
sion is correlated with the ethmoid lengthening. In
fact, the development of the pleurosphenoid pedicle
may imply that it is the development of the frontal
which limits the supraoccipital to the posterior region.
Additionally, the elongation of the ethmovomerine
region may involve the anterior development of the
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frontals and possibly of the supraoccipital. The
supraoccipital limit observed in fL. bispinosus is sim-
ilar to L. niloticus; that indicates the presence of a
pleurosphenoid pedicle in the fossil species. A saggital
crest develops along the whole supraoccipital length
(see below). In L. stappersi, the supraoccipital lateral
flanges are confined anteriorly whereas they develop
all along the crest in other latids.

The frontal lateral plate lies in front of the sphenotic
(Figs 7-11). Its development beyond the orbit seems to
be correlated with that of the pleurosphenoid pedicle:
it is absent in Psammoperca (Fig. 11D), reduced in
L. mariae (Figs 8G, 10G) and L. stappersi (Fig. 8H),
little developed in L. macrophthalmus (Figs 8D, 10D)
and L. longispinis (Figs 8C, 10C, 11C), and well devel-
oped in L. niloticus (Figs7, 8A, 10A, 11B),
L. calcarifer (Figs 8B, 10B) and L. angustifrons
(Figs 8E, 10E, 11A), particularly in larger individuals.
Concerning the other latid species, it is well developed

in fL. bispinosus (Fig. 9) and reduced in TE. gracilis;
these indicate, respectively, the presence and the
absence of a pleurosphenoid bridge. The supraorbital
sensory canal openings lie on the dorsal face of the
plate (Fig. 11A-C), or in the edge of the bone when the
plate is reduced or absent (Fig. 11D).

The latid epiotic (Figs 9, 10) has a well-developed
facet for the articulation of the upper limb of the
posttemporal that projects latero-posteriorly, a
strong horizontal posterior process that projects
medial to the articular facet, and the anterior bor-
der inserts between the supraoccipital and the pari-
etal. The posterior process varies in length and
shape within a single species and sometimes
between both left and right epiotics of a single indi-
vidual (bifurcated in some individuals). In addition,
the observation of several specimens of Lates
niloticus and L. calcarifer supports a probable size-
correlated variation, and species with a narrow
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neurocranium have a thinner posterior process and
a smaller articular facet.

Both Recent and fossil latids bear fronto-parietal
crests lateral to the supraoccipital crest (Figs 8-10; in
TEolates aquensis specimens only the saggital zone is
suitable for observations). The height of the crests is
inversely correlated with the neurocranial width. Van
Neer & Gayet (1988) and Greenwood (1976), respec-
tively, observed this correlation within a species (Lates
niloticus) and among the Tanganyikan species. The
crests seem to develop more in smaller individuals.

On the pterotic (Figs 9, 12), the oval-shaped surface
for the opercular levator muscle is placed between the
level of the two posterior openings of the cephalic sen-
sory canal. The pointed posterior process develops
under the supratemporal posterior facet of the
pterotic. In some specimens, it develops back toward
the posttemporal facet of the intercalar but in other
specimens it does not even reach the anterior part of

the intercalar. This is also the case for the posttempo-
ral facet of the pterotic. The dimensions and directions
of the processes and facets are variable and do not cor-
relate with the neurocranial dimensions.

The cephalic sensory canal (Figs 9-11) runs in a
bony tube with several openings. The main openings
are constant in latid fish. On the nasal, the canal runs
in a tube with an anterior opening for the sensory
branch to the first infraorbital, and a posterior one
toward the frontal. On the frontal, the lateral opening
is placed at the level of the posterior tip of the lateral
ethmoid [unknown in fEolates]; posteriorly, the inter-
frontal branch opens between the frontals in front of
the anterior tip of the supraoccipital (e.g. in TLates bi-
spinosus, Fig. 9), and on the lateral side of the frontal,
the pore for the sensory branch to both the sphenotic
and the pterotic is placed at the intersection of the
sphenotic, pterotic and frontal. On the dermosphe-
notic, the canal runs in a tube with an opening for the
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branch to the infraorbital series. On the pterotic itself,
two main pores allow the canal to reach the preoper-
culum (posterolateral opening) and the supratemporal
(posterodorsal opening). The pores are smaller rela-
tive to the size of the skull in larger individuals. There
are supernumerary openings on the pterotic; their
count varies depending on the species and the individ-
uals and is largest in Psammoperca (Fig. 11D).

The occipital region is poorly known in fossils. The
walls of the braincase are flat in Recent latids other
than Psammoperca (Fig. 13A), Lates macrophthal-
mus, L. microlepis, and larger L. mariae (which had
the walls inflated in a specimen with a 25-mm-long
neurocranium). In posterior view, the braincase of
these species shows a basal inflation. Therefore, the
inflation is observed in species with a curved para-
sphenoid, except in the case of small L. stappersi and
large L. mariae (which have a curved parasphenoid
but flat braincase walls).

The intercalar (Figs 9, 12) has the posttemporal
articular facet placed on a bulky knob.

The exoccipitals (Figs 12, 13) articulate with the
first centrum by facets that join above the basioccipi-
tal facet. In Lates (Fig. 13B), the facets are bean-
shaped and participate in forming the base and part of
the walls of the foramen magnum, whereas in Psam-
moperca (Fig. 13A), they are teardrop-shaped and only
form the base of the foramen magnum. Moreover, as in
all the other percoids examined, the large foramen for
nerve X (vagus) and the small and anteriormost fora-
men for nerve IX (glossopharyngial) are broadly
separated.

The basioccipital (Fig. 12) usually bears relatively
smaller surfaces for the Baudelot’s ligament in larger
individuals. They are pointed or rounded in shape, and

|
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Figure 13. Posterior view of the neurocranium, A,
Psammoperca waigiensis (NHM 31.160 [1888-11-6: 6]); B,
Lates stappersi (NHM 28.228 [1936-6-15: 1706]). Scale
bars = 5 mm.

intercalar

flatter in Tanganyikan species. Anterior to these are
one or two depressions of variable size and more or
less ornamented with small pores. As for the vomer,
the suture of the basioccipital with the parasphenoid
has interdigitations that seem shorter in larger indi-
viduals, as described by Van Neer & Gayet (1988), in
L. niloticus. The median ventral groove on the basi-
occipital never reaches the parasphenoid, in
L. niloticus (Van Neer & Gayet, 1988), nor in any other
Recent latid (unknown in fossil species).

SPLANCHNOCRANIUM

The general outline of the splanchnocranium is elon-
gated depending on the species. As for the neurocra-
nium, it is more or less elongated in Lates (Luciolates).
In Psammoperca, the bones are particularly shallow
when compared with Lates (e.g. L. niloticus); this
characteristic is most apparent in the lower jaw.
The splanchnocranium of fEolates gracilis and
TE. aquensis shows the same shape as Lates niloticus,
and that of the single-known specimen of
TL. bispinosus is largely crushed.

The depth of the bones of the infraorbital series
decreases posteriorly (Fig. 14). In Recent latid species,
the infraorbital sensory canal runs in a bony tube with
five openings on infraorbital 1 (Greenwood, 1976), i.e.
one anterior, one posterior shared with the second
infraorbital bone, and three placed ventrally at the tip
of short canals. On infraorbitals 2-5, the canal runs in
a bony tube with pores located only between the
infraorbitals in Psammoperca, and between the
infraorbitals, plus one on infraorbital 3 in Lates. In
TEolates gracilis, there are three pores on infraorbital
1, one between infraorbitals 2 and 5, and two on
infraorbitals 2 and 3. In Lates niloticus,
L. angustifrons, L. calcarifer, Psammoperca waigien-
sis and TEolates gracilis, the anterior part of infraor-
bital 3 is broad, and the following infraorbitals are
reduced to the sensory canal bony tube. In {E. gracilis,
a posterior pad develops on infraorbital 1, above
infraorbital 2. In Recent latids (unknown in fossils), a
subocular shelf develops from the dorsal border of
infraorbital 3. It extends medially, anteriorly (along
infraorbital 2) and posteriorly (along infraorbital 4). As
in the whole cranium, the infraorbitals of the Tanga-
nyikan species are antero-posteriorly elongated and
narrower, and the subocular shelf reaches the maxi-
mum ‘antero-posterior length/width’ rate (see Green-
wood, 1976, for details). Moreover, the dorsal border of
infraorbital 1 extends posteriorly, correlated with the
mesethmoid extension (these two bones are in contact
along a great part of their length). The infraorbital ven-
tral border is smooth in L. stappersi and Psammoperca
waigiensis, whereas posteriorly directed serrations
develop along the ventral border of certain infraorbit-
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als in other latid species: infraorbitals 1 and 2 in Lates
calcarifer; infraorbitals 1, 2 and the anterior part of 3
in L. niloticus, L. angustifrons and fEolates gracilis.
The number of small spines varies from eight to 11 in
L. niloticus and TEolates gracilis (Sorbini, 1975).

Among fossil latids, the only known hyopalatine
arch is that of tEolates gracilis (Fig. 15A); it is simi-
lar to Lates niloticus (Fig. 15B). Greenwood (1976)
noted the similarities between the arch of his latines
and his centropomines and stressed variations in
their dimensions. The ectopterygoid, entopterygoid
and palatine are thinner and the articular facets are
smaller in the Tanganyikan species (particularly in
L. stappersi) than in other latids. The hyopalatine
arch shows the same lengthening and narrowing as
the whole skull.

The symplectic groove is not demarcated by any
notch on the quadrate dorsal border (Fig.15). The
shape of the antero-ventral border of the quadrate
varies from straight to curved, and the articular

condyle is more or less flattened. Van Neer (1987) and
Van Neer & Gayet (1988) noted such variations in both
Recent and fossil L. niloticus (which usually shows a
straight antero-ventral border). Moreover, they noted
that the estimation of the variation in this character-
istic is strongly related to the angle of observation.

The articulations of the bones of the pterygoid series
are common to all latids (Figs 15—17A). Variations in
the shape of the bones, caused by the elongation of the
skull in certain species, are observed (Fig. 15A, B;
Greenwood, 1976: figs 11, 12, 30). As described by
Greenwood (1976), some pterygoid bones bear a villi-
form dentition developed on a surface which is more or
less wide depending on the species. In fossil species,
the presence of very small tooth sockets allows us to
infer that a villiform dentition was present.

The entopterygoid (Fig. 15) is a wide oval toothless
thin bone. Its articulation with the palatine is large
and that with the metapterygoid is made through its
posterior pointed tip.
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The palatine (Figs 15, 16A, B) has a median trian-
gular plate along the anterior half of the alveolar pro-
cess that articulates with the entopterygoid; an
anterior strongly rectangular-shaped process [accord-
ing to Greenwood (1976) there is a cartilaginous pro-
jection on its upper face in Recent species]; a ventral
maxillary facet; a dorso-medial infraorbital 1 facet; an
antero-dorsal lateral ethmoid facet; and a medio-
ventral surface for vomerine ligaments. The posterior
lateral ethmoid facet is weakly delimited and lies
medial to the palatine plate where there is a generally
wide and large oval tooth patch (narrower or absent in
Tanganyikan species).

The ectopterygoid is trifid (Figs 15, 16C, D). The
short vertical limb runs along the anterior edge of
the quadrate. The long horizontal limb supports the
entopterygoid and its anterior pointed tip articulates
with the palatine. Those two limbs form a single unit,
angled at almost 90°. The third, postero-dorsal, limb
develops posteriorly from the angle of this unit; it
separates the entopterygoid and the quadrate and
extends ventrally on to the dorsal part of the quadrate
medial face. As described by Greenwood (1976) in
Recent species, an ovoid tooth plate (variable in size,

sometimes on both sides in a single individual) devel-
ops on the medial face of the horizontal limb and/or
the upper part of the vertical limb.

The metapterygoid (Figs 15, 17A) articulates with
the antero-ventral plate of the hyomandibula through
an ascending lamina, which is wide in Lates (Lates),
and narrow in Tanganyikan species (following the nar-
rowing gradient of the whole cranium). The posterior
pointed tip of the entopterygoid inserts in a thin lat-
ero-ventral groove of the metapterygoid. In most per-
ciforms, an additional metapterygoid lamina exists. It
develops dorsally, lateral to the ascending lamina, cre-
ating an interosseous space where the lateral part of
the levator arcus palatini inserts (Johnson, 1980); it
contacts the hyomandibula vertical ridge tightly. In
latid fish, the metapterygoid lamina is absent. There
is a thickening of the metapterygoid where the base of
the lamina would be, and a strong notch just above on
the metapterygoid posterior border (this notch is
present in percoid fish with a lamina but not in other
examined fish). In agreement with Greenwood (1976),
the thickening and the notch are interpreted as relicts
of a metapterygoid lamina. None of the examined
specimens shows a foramen instead of the notch
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(Greenwood noted the presence of a notch or a fora-
men). Among fossil latids, the ridge is observable in
TL. bispinosus, whereas the preservation is too poor in
other fossils.

The latid hyomandibula (Figs 15, 17B) shows perci-
form characteristics: two well-separated facets for the
articulation with the neurocranium (Greenwood,
1976); one opercular facet at the tip of the processus
opercularis; on the lateral face of the bone one prom-
inent spur on the upper tip of the vertical ridge along
which the preoperculum lies; and an anterior flange
connected with the ascending lamina of the metap-
terygoid through a zigzag suture. Among latid fish, the
dimensions of the hyomandibula (particularly the
anterior flange) vary according to the general propor-
tions of the skull. The position of the hollow on the
lower tip of the vertical ridge shows individual
variation.

The fossil latid preoperculum (Figs 15B, 18) (known
in fEolates aquensis, TE. gracilis, tLates bispinosus
and Lates sp. from As-Sarrar and Negev) shows the
latid characteristics described by Greenwood (1976):
serration on the posterior border of the vertical limb
(except its extremities); large flat triangular posterior
spine at the angle of the two limbs; preopercular hor-
izontal limb with three or four strong spines (Fig. 18A,
B). The ventral border of the posterior spine is hori-
zontal and sometimes the spine is bifurcated. The
spines of the horizontal limb are directed ventrally,
the two anterior spines anteroventrally and the pos-
terior one(s) posteroventrally (Fig. 18A, B). The preo-
percular sensory canal runs in a tube on the vertical
limb and in a gutter covered by several bridges on the
horizontal one. There are intra- and interspecific vari-
ations in the preopercular ornamentation. In Psam-
moperca, the horizontal limb has a smooth ventral
border (Greenwood, 1976: fig. 30). In Lates stappersi,
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Figure 18. Preoperculi of fossil latids, in lateral view: A,
tLates bispinosus (holotype); B, TEolates gracilis (MNHN
Bol 267). Scale bars = 10 mm.

the serration of the vertical limb and the spines of the
horizontal limb are reduced (Greenwood, 1976). In
larger L. niloticus, the serration is limited to the cen-
tral part of the posterior edge (Sorbini, 1973; Green-
wood, 1976). Variations in the count of the horizontal
limb spines were studied by Greenwood (1976). The
ratio of ‘number of individuals with four spines com-
pared to number of individuals with three spines’ var-
ies among Lates species: 0/18 in L. calcarifer and
L. angustifrons; 24/31 in L. niloticus; 16/20 in
L. mariae; 25/27 in L. microlepis; 3/6 in L. longispinis;
4/11in L. macrophthalmus. I do not agree with Green-
wood (1976) who considered a close ratio value in the
two latter species to be an argument for their phylo-
genetically close origin. Van Neer (1987) described the
variation in the bridge count on the horizontal limb
between L. niloticus from the Nile (two) and those
from Niger (one or two), the posterior bridge always
being present; and Van Neer & Gayet (1988) observed,
in the fossil L. niloticus from the Holocene Malian
sites, variation from two to no bridges. They inter-
preted the variation to be partly due to intraspecific
variation and preservation.

The latid species show the typical complete opercu-
lar series (Fig. 19) of percoid fish, with an operculum,
suboperculum and interoperculum. As in half the per-
coids they have one opercular spine (at least; McAllis-
ter, 1968). The preservation of the opercular series is
poor in L. bispinosus and fEolates aquensis, and
somewhat better in TE. gracilis (Fig. 19); they resem-
ble that of L. niloticus.

The interoperculum is thinner than usual in perci-
form fish (Greenwood, 1976). In Tanganyikan species,
there is an elongation of the bone and a smoothing of
the angles.
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Figure 19. Left operculum and suboperculum of {Eolates
gracilis (MCSNV VI.N.62), in lateral view. Scale bar =
5 mm.
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The operculum (Fig. 19) has a horizontal ridge that
develops from the articular facet to the posterior angle
of the bone where it ends with a spine (Greenwood,
1976). The upper lamina develops along the whole
ridge, except its posterior border which is sometimes
notched. In Tanganyikan species, the ridge and spine
development is weaker (the spine is even absent in
Lates stappersi). The spine is also reduced in Psam-
moperca waigiensis.

The suboperculum spur is more robust than the rest
of the bone, which is very thin (Fig. 19). The hook is
the more variable part of the bone in Lates (Luciolates)
(very weak and reduced in L. stappersi). By contrast,
it is similar in Lates (Lates) species and in {Eolates.

As noted by Greenwood (1976), the hyoid arch
(Fig. 20) is typical for basal percoids. That means the
ceratohyal foramen is open and the hyoid artery gut-
ter is present (on both the epihyal and the ceratohyal);
the posteriormost branchiostegal rays are wider, and
have a strongly notched articular head (Fig. 20A-C).
In Recent species (Fig. 20A, B), the three anterior
branchiostegal rays articulate with the ventral edge of
the ceratohyal, the fourth lies on the ventral border of
the lateral side of the ceratohyal, the fifth on the cer-
atohyal—epihyal suture or close to the suture on the
ceratohyal, and the posterior branchiostegal rays lie
on the ventral border of the lateral side of the epihyal.
In {E. gracilis (the only known fossil latid hyoid arch
skeleton) all the branchiostegal rays lie ventrally on
the ceratohyal lateral surface. In addition, the general
shape of the fE. gracilis hyoid arch is shorter and
deeper than in any other latid, particularly when com-
pared with Lates (Luciolates) species. The branchioste-
gal ray count is supposed to be seven in all the latid
species (Greenwood, 1976), but Sorbini (1975)
described eight rays in {E. gracilis. The single speci-
men with a preserved hyoid arch shows a small bone
in place and orientation of a branchiostegal ray
(Fig. 20C), but nothing else allows us to determine if it
is an eighth reduced ray or not. If it is, the hypothesis

of a secondary ‘teratological’ development cannot be
excluded.

The branchial skeleton is only known in Recent
latid species and described by Greenwood (1976). In
particular, the basibranchial series is toothless in
Lates and toothed in Psammoperca. The glossohyal is
an elongate trapezoidal bone, the base of which forms
the anterior edge of the branchial apparatus; in larger
individuals it is less elongated than in smaller
individuals.

The upper jaw shows familiar, generic and specific
differences.

The latid premaxilla (Fig. 21) is characterized by a
pointed ascending process higher than the globular
articular process; both processes are bracketed; the
foramen for venous vessels and the maxillary nerve
branch opens at the base of the articular process; the
deep posterior process has an anterior convex curve
and a posterior concave curve with the alveolar pro-
cess; the low longitudinal groove develops along the
alveolar process; the tooth plate develops along
the ventro-medial surface of the alveolar process
(Fig. 21A); the teeth are villiform and undifferentiated
except in Lates stappersi, which has enlarged median
teeth (Fig.21B; Greenwood, 1976). In Lates and in
Psammoperca, the intraspecific variations concern the
distance between the articular and posterior processes
of the premaxilla; sometimes both the premaxillae of a
single individual are different (Van Neer, 1987; in
L. niloticus). Van Neer & Gayet (1988) noted that part
of the variation is correlated with the size of the indi-
viduals (the distance is shorter in larger individuals).
By contrast, the ratio ‘height of the ascending process/
height of articular process’ is constant within a species
(Van Neer, 1989; in L. niloticus), but varies between
species: from 1 in L. stappersi, to 1.3—1.6 in 3 Lates
(Lates) species, around 1.5 in fEolates and 1.1 in
Psammoperca. In TEolates the premaxilla differs from
Lates in the straightness of the posterior edge of the
posterior process, in the space between the alveolar
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L. calcarifer (MG 26), in lateral view; B-E, articular heads of the left maxilla of, B, C, L. calcarifer (MG 25), and, D, E,
L. niloticus (MG 206), in, B, D, anterior, and, C, E, lateral views. Scale bars: A = 5 mm, and B-E = 2 mm.

and the articular processes, and in the strong vertical
ridge that develops along the anterior border of the
articular process in Psammoperca and Lates
(Fig. 21C). This ridge does not exist in fFEolates, in
which a vertical groove extends upwards from the
venous and nervous foramen (Fig. 21D).

The maxilla (Fig. 22) of latid fish has an enlarged
posterior dorsal plate with a straight ventral border
(Fig. 22A). The shape of the articular head strongly
varies among individuals of the same species, in the
height, direction and extension of the dorsal process
where the vomer articulates. The premaxillary inter-
nal process is medio-ventrally directed and sur-
rounded by a groove. The lateral plate, on which the
palatine ligaments insert, is more or less extended
(Fig. 22B-E). Posterior to this plate, the adductor
mandibulae I surface is anteriorly limited by a spur or
a low ridge depending on the individual (Fig. 22C, E).

In Lates species and fEolates gracilis, the single
rectangular elongated supramaxilla has an antero-
dorsal process (Fig.22A), which is absent in
Psammoperca.

According to Greenwood (1976) the lower jaw varies
little, with the exception of the elongation in Tanga-
nyikan species and the shallowness of the splanchnoc-
ranium bones in Psammoperca.

A plate develops ventrally on the dentary (Figs 23,
24), with an angle little greater than 90°. A large lat-
eral groove for the jaw ligaments is anteriorly well
defined, and extends posteriorly on to the supero-lat-
eral face of the bone. The upper foramen of the dentary
(both venous and arterial according to Gayet, 1983) is
situated anterior to the groove. The nerve VII foramen
opens near middle of the symphysial edge on the outer
surface of the bone. The mandibular sensory canal
runs in a bony tube on the medio-ventral plate; it
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Figure 25. Left posterior part of the lower jaw in latid fo
TEolates gracilis (MNHN, Bol 0267). Scale bar = 5 mm.

opens anteriorly at the edge between the plate and the
lateral face of the bone, slightly posterior to the nerve
VII foramen level; posteriorly, the opening is a notch
on the ventral plate posterior border. The interspecific
variations concern the teeth, the ventral openings of
the sensory canal and the medio-ventral plate. The
teeth are undifferentiated and villiform, except in
Lates stappersi. According to Greenwood (1976), its
dentary teeth are enlarged and caniniform on the
external row, except at the symphysis, resembling a
negative image of the premaxilla dentition. There are
five openings of the mandibular sensory canal in
L. calcarifer, whereas there are usually four in the
other latid species, in which the third opening is close
to the upper foramen level, as described by Van Neer
(1987) in L. niloticus. He noticed that a few individu-
als of this species (3/30) have five openings (e.g.
Fig. 23). In L. stappersi, the medio-ventral plate starts
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ssil species, in lateral view: A, fLates bispinosus (holotype); B,

straight backward the symphysis, whereas there is a
notch in other latid species (Fig.24A, B). In
L. calcarifer and L. niloticus striae develop at the
symphysis (Fig. 24A).

The angulo-articular (Figs 23, 25) has an antero-
dorsal ridge that develops from the glenoid cavity. It
is straight, whereas there is a small posterior
expansion in some perciform species. The angulo-
articular sensory canal runs in a bony tube with an
anterior notched opening (anterior to the dentary
posterior one), and a posterior opening in a groove
below the glenoid cavity. The groove length varies
depending on the individual and sometimes between
sides of a single individual [also described by Van
Neer (1987) in L. niloticus]. The fEolates gracilis
angulo-articular (Fig. 25B) is higher and shorter
than in any Lates species or in Psammoperca. The
glenoid cavity is generally deep so that the articula-
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tion with the quadrate might be quite restricted,
particularly in some L. calcarifer and in tEolates
gracilis. This characteristic is less apparent in Tang-
anyikan species, Psammoperca and fLates bispino-
sus (Fig. 25A), the glenoid cavity of which is
somewhat flattened.

The shape of the retroarticular (Figs 23, 25B)
matches the variations in the whole skull elongation.
The only other difference within the family is the pro-
portionally smaller retroarticular of tEolates gracilis
(Fig. 25B).

AXIAL SKELETON AND UNPAIRED FINS

Meristic counts of the axial, anal and dorsal fin skel-
eton in Recent and fossil latid species are given in
Table 2.

In living and fossil Lates and in Psammoperca, the
vertebral column (Figs 26-28; Table 2) contains 25
centra, 11 abdominal and 14 caudal including the
fused preural and ural centra, e.g. TLates gregarius
(Fig. 26A). Epineurals are present on the fifth to sev-
enth anteriormost vertebrae (and not only on the two
anteriormost vertebrae, as stated by Greenwood,
1976). Parapophyses develop on the four to five poste-
riormost abdominal vertebrae (Sorbini, 1975) depend-
ing on the species and/or the individual. There are 11
abdominal vertebrae in TE. aquensis (Fig. 26A) and in
TL. bispinosus (Fig. 27B) but ten in {Eolates gracilis
(with a total count of 24). In this latter species only,
epineurals are well preserved and observed on the
seven anteriormost vertebrae. The number of caudal
vertebrae is 14 in fEolates gracilis, but it is unknown
in  {L. bispinosus (Fig.27B) and variable in
fE. aquensis (from 13 to 15; Gaudant, 1977).

Ribs articulate either directly on the centra or on
the distal part of the parapophyses (Figs 26, 27, 28A;
Table 2). In perciforms generally, they are present on
the abdominal vertebrae except the two anteriormost.
Parapophyses develop usually on the five posterior-
most abdominal vertebrae in Lates mariae,
L. microlepis, L. macrophtalmus, L. longispinis, L.
niloticus, L. calcarifer and TE. gracilis (Figs 27A,
28A); on the last four in some young specimens of
those species and in Lates angustifrons, TL. gregarius,
TL. bispinosus and fEolates aquensis (Figs 26A, B,
27B); on the last six in Lates stappersi; and on the 5—
6 posteriormost ones in Psammoperca waigiensis.
Their size increases posteriorly and they are directed
ventrally.

The anteriormost parapophyses are free (Fig. 29A)
whereas a bony transversal bridge (Fig.29B) fre-
quently develops between parapophyses of the 2-3
posteriormost abdominal vertebrae in living latids
except L. stappersi, where they develop on the last
four. This bridge delimits a median space where

Table 2. Numerical characteristics of the axial skeleton and of anal and dorsal fins in latid species

Bisegmented

anal

Bisegmented

dorsal

Abdominal

vertebrae

No. of

No. of

No. of

pterygiophores
supporting

rays

pterygiophores
supporting
rays

Anal

Dorsal fin
formula

Predorsal

parapophyse formula

abdominal postabdominal epineural without

vertebrae

formula

pairs

vertebrae

?
?

III+8

?
?

VIII - I + 10(9)
VII-I + 10/12
VII-I + 10

0/0/0 + II/

14

10

Eolates gracilis

IIT + 7/8
II +7(7)

1+ 8

/0/0 + 0 + II/

?

13/14(15)

11/12

Eolates aquensis
Lates bispinosus
Lates gregarius
Lates niloticus
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?

0
IIT + 8(7) 3/5
IIm+17/8 3

1T+ 8

(5)6 (7)
5/7

VII-I + 12(11)
VII-I + 11/12

VII-I + 11

0+ 0/0 + IT/

0/0/0 + I/
0/0/0 + I/

7
7
6/

6/7
5/7

14
14
14
14
14
14
14
14
14
14

11
11
11

81-133

0/0/0 + II/

11
11
11
11
11
11
11
11

Lates longipinis

6 (7)
4/5

VII-I + 12(11)

VII-I + 11

0/0/0 + II/

6/7
6/7
7

Lates macrophtalmus

Lates calcarifer

2/3
3

IIT+8
IIT+8

0/0/0 + II/

VII-I + 12

0/0/0 + II/

6 (7)

Lates angustifrons
Lates microlepis

Lates mariae

2/4
3

11+ 8

7

0/0/0 + I/ VII-I + 12(13)

6/7
6/7

11+ 8

VII(VIID - I+ 11 6

VIII -1+ 10

0/0/0 + II/

2/4
6

IIT+9

4/5

all

0/0/0 + II/

Lates stappersi

III+8

VII-I + 12

0/0/0 + II/

5/6

7/8

Psammoperca waigiensis
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Lates gregarius — Eolates aquensis

Figure 26. General view of the postcranial skeleton, in lateral view, of A, {Lates gregarius (from Bannikov, 1992; modified),
and B, tEolates aquensis (reconstruction mostly from NHM P3912). Scale bar = 10 mm.

A Eolates gracilis B Lates bispinosus

Figure 27. General view of the postcranial skeleton, in lateral view, of A, fEolates gracilis (NHM P24C38), and B, fLates
bispinosus (holotype and only known specimen). Scale bars = 10 mm.
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Figure 28. Vertebrae of Lates and Psammoperca: A—G, Lates niloticus; H, Psammoperca waigiensis. A, anterior part of the
vertebral column (MG 206), in left lateral view; B, first (MG 206), C, second (MG 205) and, D, third (MG 205) centra, in cra-
nial view; E, second centrum (MG 205), in posterior view; F, anteriormost, and, G, posteriormost postabdominal vertebrae
(MG 206), in left lateral view; H, the three first vertebrae of P. waigiensis, in left lateral view, modified from Greenwood
(1976). Scale bars = 5 mm.
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Figure 29. Schematic drawing of the different types of
abdominal vertebrae, in anterior and left lateral views: A,
vertebra with free parapophyses; B, vertebra with parapo-
physes linked by a bony horizontal bridge; C, vertebra with
a modified haemal spine.

vessels run below the vertebral column. It cannot be
observed in articulated fossil latids when the body is
preserved in lateral view.

The first haemal spine partially fuses with the
parapophyses and the bony transversal bridge
(Figs 26, 27, 28A, 29C). In anterior or posterior views,
they show a trifid pattern, and in lateral view, the hae-
mal spine appears posterior to the parapophysis
(Fig. 29C). Such a pattern is present in Psammoperca,
Lates (e.g. TL. bispinosus) and tE. gracilis (Figs 26A,
27A, B, 28A). It cannot be observed in TE. aquensis
specimens. This haemal spine carries the first anal
pterygiophore.

The first neural spine is autogenous (Figs 26, 27,
28A) and is primitive for acanthomorphs (Johnson &
Patterson, 1993). In latids, the neural spines of the
three anteriormost abdominal vertebrae are antero-
posteriorly enlarged, particularly the second one. The
lateral surface of the spine is ornamented with arch-
shaped striae. The following abdominal neural spines
are rather massive at their bases whereas those of the
caudal vertebrae are thin. Greenwood (1976) noted
that the first three abdominal vertebrae are the most
individually distinguishable elements in the entire
column; he described and figured them with details in
some Recent species.

According to Johnson & Patterson (1993), the
nomenclature of the accessory bones of the axial skel-
eton is established as follows: in all percomorphs the
epineurals are on the ribs of all centra with ribs. The
‘epipleurals’ described by Greenwood (1976) and oth-
ers are re-considered in the light of this analysis.
Latids show the percomorph state, i.e. the tips of the
first two pairs of epineurals lie in fossae at the antero-
dorsal angle of the centra and their distal part is dis-
placed ventrally; the posteriormost epineurals are dis-
placed ventrally on to the ribs. The distribution of the
epineurals varies depending on the species and/or the
individual (Table 2). In Psammoperca waigiensis,
epineurals develop on the seven or eight anteriormost
vertebrae. In Lates, epineurals are present on the first

to the fifth through seventh vertebra, with the excep-
tion of L. calcarifer, which seems to possess four pairs
of epineurals only (Patterson & Johnson, 1995). For
the examined specimens we have: L. stappersi (five),
L. longispinis (five to seven), L.angustifrons and
L. niloticus (six or seven), and L. albertianus,
L. macrophthalmus, L. microlepis and L. mariae
(seven). In the fossil specimens with articulated
skeletons, the epineural distribution pattern is the
same as in Recent latids, e.g. epineurals are present
from the first to the sixth abdominal vertebra in
TL. bispinosus. The poorly preserved specimens of
tE. aquensis do not permit any count to be made. On
isolated fossil first and second vertebrae, the
depressed areas in which the epineurals articulate are
visible.

The striated ornamentation of the vertebrae is more
apparent in Recent Lates (Lates) and fossil latids than
in Lates (Luciolates) in which the vertebrae follow the
general lengthening and weakening of the bones.
Greenwood (1976) described these variations for
Recent species. The vertebrae of {Eolates gracilis and
tLates bispinosus have the same shape as L. niloticus,
and they show a strong striated ornamentation of the
bone (mostly in TL. bispinosus).

Latid vertebrae are characterized by several fossae
and ridges, which enable them to be distinguished
from each other (Fig.28A-H). The primary lateral
fossa is present latero-dorsally on the first abdominal
vertebra, absent on the second vertebra and occupies
an increasingly ventral position from the third to the
seventh vertebra; it disappears on the eighth. A ridge
(future parapophysis) develops at the anterior part of
the reduced primary fossa on the sixth and seventh
vertebrae. The first ribs articulate directly in the pri-
mary lateral fossa of the third or fourth to fifth or sev-
enth vertebra, on the anterior pad developed on the
sixth or seventh vertebra, and then on the parapophy-
ses of the seventh or eighth to the last abdominal ver-
tebra. An upper lateral fossa deepens whereas the
primary lateral fossa migrates ventrally. Both the pri-
mary lateral and the upper lateral fossae are sepa-
rated by a very large striated horizontal bundle; its
height decreases posteriorly. A lower lateral fossa
deepens just above the parapophysis on the eighth
vertebra. A ventral median fossa develops progres-
sively: it appears on the third to fifth vertebra and is
well developed on the eighth. It is present until the
end of the vertebral column between the haemal
arches. A single foramen generally opens at the base of
each neural arch of the anteriormost vertebrae and
two are present on the posteriormost vertebrae
(Fig. 28A, F, G), but their respective number varies
according to the individual. As well as these ridges
and fossae, the vertebrae differ in shape and certain
particularities according to their number.
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The anterior face of the first vertebra is round
(Fig. 28B) and the posterior face has a triangular
shape. It is shorter than deep. In Lates and Psammo-
perca, the two anterior facets for the articulation with
the exoccipitals are medially in contact with each
other (Fig. 28B). The primary lateral fossa occupies a
variable latero-dorsal position (Fig. 28A). Below this
fossa, the bone is slightly striated, as on the ventral
face. The postzygapophyses are more or less devel-
oped; they are very low in position, below the mid-
point, and diagonally orientated.

The second vertebra (Fig. 28A, C, E, H) has a very
short centrum particularly at the base, no primary lat-
eral fossa, two additional small fossae developed lat-
erally on the border of the anterior face (unique), and
the neural spine is strongly enlarged and directed dor-
sally instead of posterodorsally. The postzygapophyses
are developed laterally at the midpoint of the centrum,
increasing the flattened diamond-shape of the cen-
trum in anterior view. The prezygapophyses are
strongly developed overlapping the first centrum. A
lateral oblique ridge joins the pre- and postzygapophy-
ses (Fig. 28A). In Psammoperca only, a single ventral
longitudinal carina is present.

The third vertebra (Fig.28A, D, H) has a long,
enlarged neural spine, and a primary lateral fossa
that develops in an oblique position between well-
developed pre- and postzygapophyses (but less devel-
oped than in the anteriormost vertebrae). The first rib
articulates in this fossa. The ventral part of the cen-
trum is as deep as it is long, and both the anterior and
the posterior surfaces are nearly parallel (in lateral
view) and similar in shape (i.e. rounded and slightly
flattened). The first median ventral fossa appears on
this centrum in some individuals of Lates.

The fourth to seventh vertebrae (Fig.28A) are
slightly deeper than long to slightly longer than deep;
the primary lateral fossa is located between the mid-
point and the lower third of the centrum; the upper
lateral and the ventral fossae appear and develop. The
axis of the ventral fossa is not perfectly aligned with
the axis on the anteriormost vertebrae. On the sev-
enth centrum, a small process, in the rough shape of a
parapophysis, appears in the anterior part of the pri-
mary lateral fossa. In L. calcarifer, the parapophyses
develop on the sixth vertebra instead of the seventh.

The eighth to eleventh vertebrae (Fig.28A) bear
parapophyses. The centra are increasingly elongated,
the transverse striated bundle becomes thinner and
thinner (as on caudal vertebrae), and the length of the
parapophyses increases. The ventral fossa is always
parallel to the axis of the body. The well-defined upper
lateral fossa occupies the upper part of the centrum
and the ventral lateral fossa appears and develops
posterior to and above the parapophyses. The dimen-
sions of both upper and lower lateral fossae are simi-

lar on the last two abdominal vertebrae. The bony
transverse bridge that appears between both parapo-
physes of the ninth vertebra is located very close to the
centrum (Fig. 29B) and then moves to a more ventral
position whereas the parapophyses are increasingly
vertically directed.

The caudal vertebrae (Fig. 28A, F, G). The haemal
spine of the first caudal vertebra (the twelfth vertebra)
bears the first pterygiophore of the anal fin (see the
modified haemal spine; Fig. 29C). The following cau-
dal vertebrae are increasingly laterally flattened. The
upper and lower fossae are equal in size, deep and sep-
arated by a reduced bundle of striated bone. The more
posterior is a vertebra, the broader is the space
between the prezygapophyses and the base of the hae-
mal spine (Fig. 28F, G); they are close to each other or
even in contact on the anteriormost caudal vertebrae.

There are two dorsal fins (Figs 26A, B, 27A, B, 30A,
B; Table 2) separated by a gap of variable size. Accord-
ing to Greenwood (1976), a membrane bridges the two
fins in L. niloticus, L. calcarifer, L. longispinis, L.
macrophthalmus, L. angustifrons (in only some indi-
viduals), Psammoperca and fEolates aquensis. This
membrane is absent and the posterior dorsal fin is
clearly separated from the anterior fin in L. mariae (in
specimens longer than 0.7 m), L. microlepis and
L. stappersi, which shows a larger gap.

Three predorsal bones lie in front of the first dorsal
fin (predorsals and supraneurals were shown to be
equivalent in the taxa studied by Mabee, 1988). The
three predorsals and the first pterygiophore lie in
front of the three anteriormost neural spines in two
equivalent patterns depending on the species; the sec-
ond and third pterygiophores lie between the third
and the fourth neural spines in all latid fish
(Figs 26A, B, 27A, B; Table 2). The first dorsal fin is
spiny with seven or eight spines according to the spe-
cies and/or the individuals, and the second fin is com-
posed of a spine followed by soft branched rays
(Table 2). The first spine articulates with the fused
proximal and medial radials of the pterygiophore; the
second articulates anteriorly (and serially) with the
first distal radial, and posteriorly lies on the fused
second proximal and medial radials (see also the anal
fin). The following spines and rays articulate as does
the second spine, with their serially associated ptery-
giophore. Patterson (1992) proposed starting the
count from the fifth spine or ray where the serial asso-
ciation is always directly observable; the first spine is
not serially associated with a pterygiophore and is
thus supernumerary (Figs 26A, B, 27A, B). The for-
mula 0/0/0+II/I+I/ is observed in all living latids and
in tLates gregarius [following Bannikov’s (1992)
drawings], whereas other fossil latids do not have a
stable formula. The single known specimen of
TL. bispinosus is 0+0/0+II/I+I/. A third formula,
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Figure 30. Bony elements of the median fins in latids: A, posteriormost pterygiophores of the second dorsal fin in
Lates calcarifer (MG 26), in right lateral view; B, pterygiophores of the middle of the second dorsal fin of L. niloticus (NHM
28228[4]), in right lateral view; C, anteriormost elements of the anal fin of L. niloticus (NHM 28228[4]), in left lateral view.

Scale bar = 2 mm.

/0/0+0+1I1/1+1/, is observed in fEolates aquensis;
TE. gracilis generally shows the most common for-
mula but also the latter two or equivalents. The distal
radials are wider, stronger and longer more posteri-
orly. The size of the spines increases from the first to
the third, and then decreases. The fossil species
tLates gregarius, TL. bispinosus and fEolates aquen-
sis, and the living Lates stappersi and Psammoperca
waigiensis, have an anterior dorsal fin with seven
spines. tEolates gracilis and living Lates species
except L. stappersi have eight spines. L. mariae has
7-8 spines in the fin (Table 2). The first dorsal spine is
reduced in L. stappersi. The spines of the unpaired
fins are similar to those of other perciforms. One half
is alternately more concave or convex and the spines
fit together when lying on the back of the body.

The second dorsal fin starts with the last dorsal
spine. Its spine and rays are all serially associated
with their own pterygiophore. The anteriormost ptery-
giophores of the second dorsal fin are bipartite (with
fused medial and proximal radials), as in the first dor-
sal fin. The medial radials of the five or six posterior-
most (complete) pterygiophores are autogenous in
Lates, not as Greenwood (1976: 45) noted “. . . distinct
medial radials are also absent from those pterygio-
phores carrying the branched dorsal fin rays’, except
in Lates stappersi which ‘do have distinct medial
radials . ... The distal radial is a small ball placed
between the right and left proximal parts of the rays.
The last (reduced) pterygiophore is triangular in
shape, short and ventrally rounded in all latid fish and
bears two rays (Fig. 30A). The number of pterygio-
phores carrying rays and with an autogenous medial

radial varies depending on the individual (Table 2),
except in Lates mariae and L. angustifrons (respec-
tively five and six) but this could be due to the small
number of specimens examined. The number of seg-
mented rays in the posterior dorsal fin varies accord-
ing to the species and/or the individuals (Table 2):
eight in fLates bispinosus; 9-10 in j{Eolates gracilis;
ten in Lates stappersi, L. mariae, L. calcarifer and
tL. gregarius; 11-12 in L. macrophtalmus and
L. longispinis; 10-12 in tEolates aquensis; 12 in
Psammoperca waigiensis, Lates niloticus,
L. angustifrons and L. microlepis (one individual with
13 rays). The distal radial of the first pterygiophore of
the second fin is always the longest. The spine of the
posterior fin is always either longer or as long as the
last spine of the anterior fin and is never of lesser size
than the preceding spine.

The anal fin (Figs 26A-C, 27A-C, 30C, Table 2) is
composed of three spines and 7-9 (usually eight) seg-
mented rays. The first pterygiophore anteriorly bears
two spines on a fused proximal and medial radial
(Fig. 30C), and posteriorly one spine or one ray on the
distal radial. Two supernumerary anal spines are con-
sequently present, as is frequently observed in perci-
forms (Patterson, 1992). Most latid fish have the third
(and last) spine serially associated with the first ptery-
giophore, except TLates bispinosus, in which the first
ray is the one serially associated with the first ptery-
giophore (there are just two spines, the supernumer-
ary ones). The following pterygiophores carry one ray,
on the distal radial. The anteriormost pterygiophores
are bisegment, the posteriormost are tripartite
depending on the species (the same distribution as in
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Figure 31. Caudal skeletons in Recent and fossil latids, in lateral view (A—-G), and marginal ventral ray with the caudal
spur, in right lateral view (H): A, tEolates gracilis (NHM 3918b); B, 1E. aquensis (NHM P3912); C, Lates niloticus (NHM
28228[41); D, L. microlepis (NHM 28228 [1900-12-13:371); E, L. calcarifer, caudal vertebrae and base of the hypurals (NHM
28228 [1985-11-14:1]); F, Psammoperca waigiensis (NHM 28228 [1888-11-6-61); G, H, L. stappersi (NHM 28228 [1936-6-45:

1706]). Scale bars: A, B, H = 3 mm, and C-G = 10 mm.

the dorsal fin) and the last pterygiophore is reduced.
The number of anal rays and of autogenous distal
radials shows inter- and intraspecific variation
(Table 2).

The caudal fin skeleton (Fig. 31; Table 3) is similar
to the perciform generalized type (Gosline, 1961) with
three centra, i.e. the preural centra 2 and 3 and a

pseudourostylar complex (fused first preural and first
ural centra), and no uroterminal complex (it has been
lost or fused to the pseudourostylar complex). Accord-
ing to Greenwood (1976), all latid species have a par-
hypural, five hypurals and two or three epurals; a
stegural and an uroneural are present except in
Psammoperca (stegural only); the principal caudal fin
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Table 3. Numerical characteristics of the caudal fin skeleton in latid species

No. of
epurals

Uroneural
present

Fusion between
the hypurals

Fusion of the hypurals

with the centrum Caudal formula

Eolates gracilis
Eolates aquensis
Lates bispinosus
Lates gregarius
Lates niloticus yes
Lates longipinis yes

3 yes
3
?
?
2
2
Lates macrophtalmus 2 yes
2
2
2
2
2
2

yes
yes
yes

Lates calcarifer yes
Lates angustifrons yes
Lates microlepis yes
Lates mariae yes
Lates stappersi yes
Psammoperca waigiensis no

none none ?

none none ?

? ? ?

? ? ?

none 2—-3—-4(-5%) (7/8)-1-8:7-1-(7/8)
none 2-3-4 8/9)-1-8:7-1-(9)
none 2-3-5 (8/9)-1-8:7-1-(7/8)
none 2-3-6 (6)-1-8:7-1-(6)
none 2-3-7 (9)-1-8:7-1-(8)
none 2-3-8 (7/8)-1-8:7-1-(6/7)
none 2-3-9 (10)-1-8:7-I-(9)
[1-2] [3-4] 1-2-3-4-5 (9/11)-1-8:7-1-(8/9)
none 34 (7/8)-1-8:7-1-(7/8)

ray formula is I-7 : 8-1. The hypurapophysis of the
parhypural is strongly developed. The caudal skele-
ton of ftEolates gracilis (Fig.31A), TE. aquensis
(Fig.31B) and fLates gregarius (incomplete) are
known. The neural spines of preural vertebrae 1 and
2 are fused to their centra. Their haemal spines and
the parhypural are autogenous. The neural spine of
the preural vertebra 2 is very low. As there is no uro-
terminal complex, the pseudourostylar centrum alone
bears the hypurals. In contrast to Greenwood (1976:
fig. 26), no posterior hook or notch is present on the
haemal spines of preural vertebrae 2 and 3
(Fig. 31C). However, apophyses develop on the ante-
rior part of the parhypural and of the haemal spine of
preural vertebra 2 in Recent latids (Fig. 31C-F). In
TEolates, such apophyses are absent but the haemal
spine of the second preural vertebra is enlarged and
meets the spine of the anterior vertebra. Psammo-
perca waigiensis has no uroneural (Fig. 31F), but in
other species it is a thin, rod-like element. The steg-
ural has an enlarged anterior part and its posterior
part tapers to a sharp point. Only two epurals are
present in Lates and Psammoperca. They lie close to
each other and the anterior one has an enlarged prox-
imal head. Three epurals are present in fEolates. The
two anterior epurals are enlarged and the third is a
thin, rod-like element. All latid fish have five
hypurals, with various patterns of fusion with the
complex or each other (Table 3) depending on the spe-
cies and/or the individuals (particularly during their
growth). The hypurals of {Eolates are separate and
autogenous (Fig. 31A, B). In Psammoperca, they are
separate to each other but hypurals 3 and 4 are fused
to the pseudourostylar complex (but not hypurals 2—
4; contra Greenwood, 1976). This latter pattern is
generally observed in Lates species (Fig. 31C-E)

except L. stappersi in which all hypurals are fused to
the pseudurostylar complex (Fig. 31G). There is some
exceptional individual variation, e.g. in a young
L. niloticus all the hypurals are autogenous (Green-
wood, 1976), whereas a L. calcarifer specimen shows
hypurals 2-5 fused to the complex (Fig. 31E) and to
each other distally. In L. stappersi, hypurals 1 and 2
on one hand, and 3 and 4 on the other hand are fused
together (Fig.31G). Greenwood (1976) described an
unfused fifth hypural in L. stappersi. The parhypural
process (= hypurapophysis) observed by Sorbini
(1975) in tEolates gracilis is present in all latid fish,
with some individual or specific variation in size. It
can cover the half the width of hypural 1, or it can
reach the dorsal border of hypural 2 and even some-
times pass it. The number of procurrent rays differs
among species and individuals (Table 3). A caudal
spur (Johnson, 1975) is present on the first procur-
rent ventral ray of Lates (Fig.31H) and t{Eolates
(observed in TE. gracilis). It is absent in Psammo-
perca. The outline of the posterior border of the cau-
dal fin is rounded in fEolates and, as described by
Greenwood (1976), it varies in Recent species from
rounded to truncated (Psammoperca, Lates niloticus,
L. calcarifer, L. longispinis, L. macrophthalmus,
L. angustifrons), to nearly straight to crescentic
(L. microlepis, L. mariae). It differs from young to
adult in L. stappersi (Greenwood, 1976). The ratio
between the height and the length of the caudal
peduncle allows latid species to be distinguished
(Holden, 1967; Sorbini, 1975; Gaudant, 1977). The
ratio varies from 1.5 to 2 in L. macrophthalmus, 1.4
to 1.9 in L. angustifrons, 1.9 to 2.3 in L. microlepis,
1.8 to 2.3 in L. mariae and 1 to 1.4 in L. niloticus; it is
more than 1.5 in fL.macrurus, about 1 in
tE. aquensis and less than 1 in {E. gracilis.
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PAIRED FINS AND ASSOCIATED BONES

The pectoral girdle (Figs 32, 33) is very conservative
among latids.

The posttemporals of Lates and {Eolates are similar
in both their overall shape and ornamentation
(Fig. 32A—C). Posteriorly, the shield-like body of the
posttemporal bears 3—5 small spines depending on the
individual. In Psammoperca, the posterior border is
smooth (see Greenwood, 1976: fig. 24). A ligament
links the tunica externa of the swimbladder and the
posttemporal in Psammoperca and in Recent Lates
(Greenwood, 1976). The functional purpose of this con-
nection is unknown. However, the correlated morpho-
logical modifications are identified on the post-
temporal, which differs from that of other percoids by
the presence of a deep oval pit at the base of the inter-
calar limb (Fig. 32B; see Greenwood, 1976). This pit is
present in all examined Recent latids and in fossil
latids, where the posttemporal can be observed in

upper branch for epiotic \;Q_ .

lower branch for
intercalarium

medial view (disarticulated specimens). Thus its pres-
ence or absence is unknown in fFEolates. In TEolates
gracilis the epiotic limb of the posttemporal is longer
than in Lates niloticus, with proportions similar to
those of the Tanganyikan species.

The posterior angle of the cleithrum of Lates and
TEolates is expanded and its hind margin bears small
spines (Fig. 33A, C-F). Their number was given by
Greenwood (1976) for Recent species. In combination
with observed data, there are three in fEolates
(Fig. 33A, D-F), Lates microlepis, L. mariae,
L. stappersi and in  fossil Lates, 5-7 in
L. macrophtalmus and 5-10 in L. calcarifer and
L. niloticus. Some of them are bifurcated (Fig. 33A, D—
F). The cleithral posterior border is smooth in Psam-
moperca. In all latid species a ventral expansion of the
cleithrum develops postero-ventrally toward the scap-
ula and is probably occupied by the dorsal postclei-
thrum (Fig. 33A, C-F). The ventral limb of the
cleithrum is thin and pointed.

articular facet for upper branch for epiotic
the supracleithrum el
posterior

denticulations
lower branch
for intercalar

depress area for the

swimbladder connection

supracleithrum

Figure 32. Posttemporals of certain Recent and fossil latids: A, B, right posttemporal of Lates niloticus (MG 25), in, A, lat-
eral and, B, medial views; C, left posttemporal of {Eolates gracilis (MCSNV VI.N.59), in lateral view. Scale bars = 3 mm.
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Figure 33. Elements of the pectoral girdle of tEolates gracilis: A, cleithrum and dorsal and ventral postcleithra (MCSNV
T.373), in lateral view; B, scapula, coracoid and radials (MCSNV Rom.Bo), in medial view; C, scapula and part of the cle-
ithrum (23152), in lateral view; D-F, variations of the ventral expansion and number of small spines on the cleithrum, of,
D (MCSNV TG 23200), E (VI.N.56 [reversed]) and, F (NHM P3918b), in lateral view. Scale bars = 3 mm.
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Figure 34. Pelvic bone and/or spine in certain Recent and fossil latids: A—C, Lates niloticus (NHM 28228[4]): A, proximal
part of the pelvic spine, and, B, C, distal part of the pelvic bones, in, B, dorsal, and, C, ventral views; D, E, distal part of the
pelvic bones in fossil latids: D, Lates bispinosus (holotype), and, E, fEolates gracilis (MCSNV VI.N.59), in ventral view.

Scale bars = 5 mm.

Latids have a rod-like supracleithrum, a flat scale-
like rectangular dorsal postcleithrum and an elon-
gated robust ventral postcleithrum (Fig. 33A).

The coracoid of fossil and living Lates has a very
strong posterior process (Fig. 33B) and differs from
Psammoperca, which has a reduced process but is
overall larger (see Greenwood, 1976). The first dor-
salmost pectoral rays articulate with a small articular
facet of the scapula (Fig. 33C), and the following rays
articulate on the four radials (Fig. 33B). The total
number of rays in Lates and fEolates is 14, except in
TE. aquensis, in which Gaudant (1977) counted 14-16
rays.

The formula of the pelvic fin is the typical perciform
one, with one spine and five segmented rays, in both
fossil (known in articulated skeletons) and living
latids. Both pelvic bones are tightly joined along their
whole length in Psammoperca and in Lates (Fig. 34B,
C). The median lamella is without a ridge or crest on
the ventral surface. The dorso- and ventro-lateral lam-
inae are laterally developed. The posterior ridge bears
the pelvic fin and has an anterior pointed process (the
antero-median process) and a bulky and enlarged pos-
terior process (the postero-median process). The latter
process runs between the left and right pelvic fins. It
results from the tight median juxtaposition of the two
hemi-processes of the pelvic bones, and allows the
insertion of the posterior infracarinalis muscles
(Stiassny & Moore, 1992). The pelvic rays articulate

on the posterior ridge and the pelvic spine articulates
on its lateral part in a complex articulation. The mor-
phology of the pelvic spine articular head is typical for
perciform fishes. Regarding the preserved parts of
their pelvic bones and spines, the fossils fLates bispi-
nosus and fEolates gracilis have this similar pattern
(Fig. 34D, E).

PHYLOGENY
CHOICE OF IN- AND OUTGROUPS

To reconstruct the phylogenetic relationships of both
Recent and fossil members of the family Latidae, the
following taxa are included in the analysis:

Latidae

All Recent Lates species, Psammoperca waigiensis
(the only species of the genus) and two of the three
tEolates species (i.e. TE. gracilis, TE. aquensis but not
TE. macrurus, of which the fossils are too poorly pre-
served) are included in the analysis. Some latid taxa
have the same character state pattern because auta-
pomorphic characters were not coded. They are pro-
cessed together under the following names: ‘Lates (L.)
nicaloma’ for L. niloticus + L. calcarifer + L. longis-
pinis + L. macrophthalmus, ‘Lates (L.) mima’ for
L. microlepis + L. mariae; L. stappersi and L. angusti-
frons are coded alone. Lates fossil species are not
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included, as their incomplete data coding is similar to
‘Lates (L.) nicaloma’ (see Discussion).

Centropomidae

In its old definition, this now monogeneric family
included the latid species and the genus Centropomus.
One Centropomus species, i.e. C.unidecimalis, is
included in the analysis. The 11 other species have the
same character state distribution in this analysis
(O. Otero, pers. observ.; data from Fraser, 1968).

Two other ‘ingroups’ are included

Both these species have now been found to belong to
two separate families, but they were included in the
family Centropomidae by some previous authors.

Ambassis woolfi. Regan (1913) and Greenwood et al.
(1966) included the genus Ambassis in the family Cen-
tropomidae s.l. A separate family Ambassidae includ-
ing the genus and its two species, among others, is
now considered to be monophyletic (Johnson, 1984).

Niphon spinosus. Rivas & Cook (1968) and then Nel-
son (1976) considered Niphon spinosus to be a Centro-
pomidae (s.L.), closely related to L. calcarifer, whereas
others (Gosline, 1966; Greenwood, 1976) included it in
the Serranidae or in the Percichthyidae (see also
Greenwood, 1977). More recently, Niphon was found to
be a basal serranid (Johnson, 1983, 1984, 1988; Ken-
dall, 1984; Baldwin & Johnson, 1993) and considered
as such by others (Nelson, 1994).

Polymixia lowei is the outgroup

This Recent species is a basal acanthomorph with few
derived osteological characters. It is thus a good out-
group for phylogenetic reconstruction among basal
percomorphs.

CHARACTER STATES AND THEIR DISTRIBUTION

The character states are described, discussed, figured
(Figs 35-63) and summarized in the data matrix

code for the character 1 states:
0 => no lengthening of the ethmovomerine region.
1 => lengthening of the ethmovomerine region.

(Table 4). Their distribution is given for the taxa in the
analysis and also for other examined species when the
apomorphic state or another state was observed by the
author or described elsewhere for basal acanthomor-
phs and perciforms. The character state(s) were
described in detail for the latid species (Comparative
anatomy).

1. Lengthening of the ethmovomerine region
(Fig. 35). Non-perciform ctenosquamates, stroma-
teoids and most percoids have a short ethmovomerine
region. The lateral ethmoid, mesethmoid and vomer
are tightly connected in beryciforms and perciforms.
There is a strong lengthening of the whole region in
the Latidae from Lake Tanganyika [Lates (Luciolates)
species]. Such a lengthening is also observed in Hapal-
ogenys, in the serranid Aulocephalus temminckii, and
in the percid Lucioperca. The ethmovomerian region
in tEolates gracilis and TE. aquensis is as long as that
of Lates (Lates) or Psammoperca.

2. Mesethmoid projections (Fig. 36). Anterior projec-
tions of the mesethmoid are not present in non-
perciform ctenosquamates [except Caproberyx and
Homonotichthys (Patterson, 1964)] nor in most per-
coids, except in the latid species (known in the fossil
TEolates gracilis and TE. aquensis) and also the
Recent percid Percina caprodes, where two strong pro-
jections develop anteriorly on the mesethmoid. Arra-
tia (1982) also described such projections in the
percichthyid Percilia, and very slight lateral projec-
tions develop in Niphon.

3. Openings of the sensory canal on the frontal
(Fig. 37). In primitive ctenosquamates and in most
perciforms, the sensory canal runs in a tube on the
frontal with opened canaliculi, including the inter-
frontal branch opening medially between the two
bones. This state is also that of Niphon, whereas (1)
the sensory canal runs in an open groove with bony
bridges in Centropomus and Ambassis [and also in
Lateolabrax (Katayama, 1959) and percichthyid fish],
and (2) the sensory canal runs in a bony tube,

-
state 0 state 1

Figure 35. States of character 1. Lengthening of the ethmovomerine region.

code for the character 2 states: ) state 0 = state 1=
0 => anterior projections of the mesethmoid reduced or absent. l,- -~ T Vi

1 => anterior projections of the mesethmoid largely developed. V. : )

Figure 36. States of character 2. Mesethmoid projections.

L

© 2004 The Linnean Society of London, Zoological Journal of the Linnean Society, 2004, 141, 81-133

20z Iudy Gz uo 1senb AQ GL.Z4Z9Z/L8/L/ L1 L/2I0IE/UBSUUII00Z/WOD dNO"OIWSpEoR)/:SARY WO} POPEOJUMOQ



ANATOMY, SYSTEMATICS AND PHYLOGENY OF LATID FISHES 111

Downloaded from https://academic.oup.com/zoolinnean/article/141/1/81/2624215 by guest on 25 April 2024

o 0o o o O o0 O o O 0O 0O 0O O 0O O O 0O O 0O O0O0O0O0OO0O0OO0O0O0 O 10mo] vIX1UWk]oq
T o 1 O O T OO T O T O ¢ 0 T T T T T 0O O0OTOOOTT O 0 O snsourds uoydiN
T T o o T O I O O ¢ O T O0O O O0TI/O O T O 00 0 O0 T OO0 T O O 11ffj00m s155DQUIY
¢ 0o o o T O O O0O OO © o0 T O O o0 O o0 T 0 O0O0O0TOOO0OTOO s1ypwiIdapIUn SNWO0do4juad))
¢ 1 1T T T T T T T © T € o0 T ¢ O T ¢ 0 O0TTITTITTITITIZ®CTIO $15U2151DM DILIAOUWWDSJ
¢ 1 1T T ¢ o0 T T T T T € T T ¢ O T ¢ T O0TITITTITITITI®CTITI 1s.toddnys sanT
¢ 1T 1T T T o0 T T T T T € T T ¢ I T ¢ T 0TTITTITTITITI®CTITI DLW 29 $1da]0.L01UL ST
¢ 1T 1T T T o0 T T T T T ¢ T T ¢ I T ¢ T T TITTITTTITTITIO® CTITI suo.Lf1psnsun sagoy
€ 1T 1T T T o T T T T T € T T ¢ T T ¢ T T T T T T T T ¢ T 0 suoyysniupdooxa (7])sany
& T T ¢ 0 0 0 ¢ T &4 & € & T & T T & & & d d d T d d d T O sisuanbn sapnjog
€ T T ¢ O 0 O ¢ T ¢ T T o0 T T I T T & & & & & T & & & T 0 1719045 $9)0]0F]
6¢ 8¢ LT 9T S¢ ¥Z €¢ gz 1¢ 0T 6T 8T LI 9T ST %I €T ¢T TIT OT 6 8 L 9 S ¥ € T T (3x93) JoqUINU JI9jdeIBY))

auoq o1A[ad 9y} Jo ss9004d J10LI9S0d-0IPAIN (63) PUR ‘WNIYJL[d 9y} Jo aje[d Jormeysod o) uo
uoisuedxo [BIJUIA (87) ‘WNIYIIS[I 9} JO I9p.Ioq JoLejsod oY) uo uonejuawewi() (1,z) ‘Terodurejjsod ayj pue BULI9)XS BITUNY 9} U89M]S(] UO0IIIUUO)) (97) ‘S[eandA
(GZ) ‘Teanauodf) (¥g) ‘4unod [eandy (¢g) ‘U0IS[es [BSIOp 9y} pue ainje[nosnui [erxeds oY) Usom)aq UOIBIOSSY (gg) ‘sourds Arerewnuredns [esio( (1g) ‘sexoyd
-0134101d [eUR puR [BSIO(] (0g) ‘Ourds [eWwoRY }SI1 9} JO UOTIRINIYUO)) (GT) “B[NULIOJ [BIGIISA (8T) ‘B[[Ixewald o) Jo sseo0xd Je[nonay (LT) ‘wnmoiedoaid ayj jo
quIT] [BJUOZLIOY 9} UO [RURD AI0SUAG (9T) ‘wnnotedoard oY) Jo quui] SUTPUSISE 9Y) U0 [BURDI AI0SUSS (GT) ‘YoUrI( [eJU0ZLIOY Je[natedoaxd o3 Jo UojRjUSWRUI) (FT)
‘wnnoxedoaid oY) jo s1ue JoLre)sod oY) Je (s)ourds AYromaloN (€1) ‘eutwe| prosAreide)a]y (1) ‘S1eor] Je[nornae [ejidmooxe o) Jo odeyg (1) ‘o[atpad prousydsox
-na[d (0T) ‘Joys arouaydg (g) ‘©o1pords oy Jo sse00ad I0L181S0J (8) ‘S)saud [ejarred-ojuorg (1) ‘Tejidmoooeadns oY) Jo juswrdo[eAsp JoLRJUY (9) ‘Or30101d 9y} UO [RURD
A1osuss ay) Jo sSuruad() (G) ‘orjousyds ay) uo [eurd L10suas ayj Jo ssuruad() () ‘[BIu0L} 9Y) U0 [eurd L1osuas ayj Jo ssuruad() (g) ‘suorjosfoad prowrylessi () ‘Uor3ax
QULIOWIOAOW[}D 8]} JO SUTULY)SUS T () :1X0] 0Y) UL PISSNISIP PUR PACLIISOP 818 SI9)0RIBYD SUIMOT[0] 8} JO $978)S 9 ], ‘SISA[RUR d1ISTPR[D Y[} JO XLIJBW B)B(] ‘¥ O[qBL,

© 2004 The Linnean Society of London, Zoological Journal of the Linnean Society, 2004, 141, 81-133



112 0. OTERO

code for the character 3 states:

0 => the sensory canal runs in a tube on the
frontal except the interfrontal branch opened
medially.

1 => the sensory canal runs in a groove on the
frontal.

2 => the sensory canal runs in a tube on the
frontal including the interfrontal branch.

Figure 37. States of character 3. Frontal branch of the sensory canal.

code for the character 4 states:

0 => the sensory canal runs in an open groove
on the sphenotic.

1 => the sensory canal runs in tube on the
sphenotic.

state 0 state 1

Figure 38. States of character 4. Sphenotic branch of the sensory canal.

code for the character 5 states:

0 => the sensory canal runs in an open groove on the pterotic.

1 => the sensory canal runs in a tube on the pterotic.

X/

state 1

- state 0

Figure 39. States of character 5. Pterotic branch of the sensory canal.

code for the character 6 states:
0 => supraoccipital
confined posteriorly.
1 => anteriorly developed
supraoccipital.

state 0'

Figure 40. States of character 6. Anterior development of the supraoccipital.

including the interfrontal branch, in Lates (including
tL. bispinosus) and Psammoperca [and also in Hapal-
ogenys, in some derived serranids such as the epi-
nephelines and in other perciform lineages such as the
lutjanids (e.g. Lutjanus chrysurus)].

4. Openings of the sensory canal on the sphenotic
(Fig. 38). A sensory canal running in an open groove
on the sphenotic is observed in the examined non-per-
ciform ctenosquamates and in numerous percoids (e.g.
Centropomus, Ambassis). Some percoids show another
state, with the sensory canal running in a tube on the
sphenotic, including Recent latids (unknown in fossil
species), most serranids (including Niphon) and some
other perciforms such as lutjanids.

5. Openings of the sensory canal on the pterotic
(Fig. 39). The sensory canal runs in an open groove
with or without bridges, in non-perciform ctenosqua-
mates except ctenothrissiforms (Patterson, 1964) and
in most percoids. By contrast, it runs in a bony tube
with three primary openings in latids and Niphon (at
least fLates bispinosus for fossil species; and also in
Hapalogenys, Siniperca, epinephelines, Percina

caprodes and lutjanids). Some supernumerary open-
ings may be present (see Anatomy).

6. Anterior development of the supraoccipital
(Fig. 40). In basal ctenosquamates [e.g. pattersonich-
thyiforms (Gaudant, 1978)], the supraoccipital does
not extend anteriorly to reach the frontals. In more
derived taxa [beryciforms (except the Diretmidae),
and most percoid fish], the supraoccipital inserts
between the parietals and reaches the frontal poste-
rior border. In some perciforms, the supraoccipital
largely develops anteriorly in front of the parietals
between the frontals. Greenwood (1976) considered
the extensive interfrontal penetration of the supraoc-
cipital as a derived feature for latids compared with
berycoids. This state is present in all the Recent latid
species and in fLates bispinosus, TEolates aquensis,
TE. gracilis (unknown in the other fossil species) and
Ambassis. It has also been observed in Hapalogenys
and in lutjanids.

7. Fronto-parietal crests (Fig.41). Fronto-parietal
crests are not found in primitive ctenosquamates nor
in several percoids (e.g. Siniperca, percichthyids,
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code for the character 7 states:
0 => no frontal and/or parietal crests.
1 => fronto-parietal crests present.

state O .,

— "‘:—C ___j

. I|
i)

= state 1

Figure 41. States of character 7. Development of fronto-parietal crests.

code for the character 8 states:
0 => no posterior process of the epiotic.
1 => posterior process of the epiotic present.

Figure 42. States of character 8. Epiotic posterior process.

code for the character 9 states:
0 => no sphenotic shelf. =
1 => sphenotic shelf developed.

state 0 —

Figure 43. States of character 9. Sphenotic shelf.

code for the character 10 states:
0 => no pleurosphenoid pedicle.
1 => pleurosphenoid pedicle present.

Figure 44. States of character 10. Pleurosphenoid pedicle.

Ambassis, Niphon, percids). In some percoids, two dif-
ferent types of frontal/parietal crests develop: (1) pari-
etal crests in Morone and in many serranids; (2)
fronto-parietal crests in latids and Centropomus [in
C. poeyi, C. pectinatus and C. parallelus the crests
develop separately on the parietal and on the frontal
(Fraser, 1968)] among others. Parietal crests develop
as well in Berycopsis [polymixiiforms (Patterson,
1964)] and Greenwood (1976) considered the presence
of fronto-parietal crests to be the primitive condition,
because they develop in berycoids. However, the
homology between the perciform and the beryciform
crests is doubtful, because in the latter they are linked
with the presence of mucus cavities, which are absent
in the former.

8. Posterior process of the epiotic (Fig.42). In non-
perciform ctenosquamates, there is no posterior pro-
cess developed medial to the articular facet of the
epiotic. Such a process develops frequently among
percoids, e.g. in latids (fLates bispinosus) and ser-
ranids except Niphon; it is absent in Centropomus and
Ambassis [and Siniperca (Katayama, 1959)].

9. Sphenotic shelf (Fig. 43). Primitively, a small pro-
cess of the dermosphenotic develops anterior to the

el state 0 =l . ‘state 1

state 1

pterotic surfaces for the hyomandibular muscles. This
is the state observed in non-percoid ctenosquamates
and in many percoid fish, such as Centropomus, and
Ambassis (and many serranids). By contrast, a hori-
zontal shelf develops laterally from the sphenotic roof
in some percoid taxa such as latids (unknown in fossil
species) and Niphon (and also in some other percoids,
including percids where it is more or less reduced).

10. Pleurosphenoid pedicle (Fig. 44). There is no pleur-
osphenoid pedicle in basal ctenosquamates, nor gener-
ally in perciform fish. Such a pedicle develops within
some percoid families or genera: in some Lates species
(all Recent ones except L. microlepis, L. mariae and
L. stappersi). It is assumed to be present in fLates bis-
pinosus and absent in fEolates gracilis. It develops
feebly in one of the centropomid species (Centropomus
ensiferus), and was also observed in Epinephelus
(E. tauvina) and in all examined percid fish except
Perca fluviatilis and Percina caprodes. Rognes (1973;
in Greenwood, 1976) described the pleurosphenoid
pedicle in some labrid fish and listed its frequency in
teleosts. Within percoids, he noted it in some Epi-
nephelus species, Perca fluviatilis and Stizostedion
volgensis [which is corroborated by Greenwood (1976)
for those species].
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114 0. OTERO

code for the character 11 states:
0 => rounded exoccipital articular surfaces.
1 => bean-shaped exoccipital articular surfaces.

Figure 45. States of character 11. Shape of the exoccipital articular facets.

code for the character 12 states:
0 => metapterygoid lamina present.
1 => metapterygoid lamina strongly reduced.

Figure 46. States of character 12. Metapterygoid lamina.

11. Shape of the exoccipital articular facets (Fig. 45).
The exoccipital facets for the articulation with the first
vertebra are rounded and they only contribute to the
floor of the foramen magnum in non-perciform ctenos-
quamates as well as in many perciforms, except Lates
within the examined taxa. The articular facets of latid
exoccipitals are bean-shaped, developing laterally to
the foramen magnum and contributing to the basal
part of its walls (unknown in fossil species).

The suspensorium

Johnson (1980) considered that the suspensorium may
prove to be one of the most important complexes in the
elucidation of percoid relationships, because despite
the role of this apparatus and the strong plasticity of
the jaws, a similar configuration of the suspensorium
appears to be retained between closely related taxa
whatever their feeding habits. According to this
author, the generalized configuration of the percoid
suspensorium is that of his Percichthyidae (i.e. Mor-
one, which he included with the percichthyids) with a
minimal osseous contact between bones, a symplectic
without an extension behind the ascending process of
the hyomandibula, and a metapterygoid lamina (sensu
Matsubara, 1943) articulating with the hyomandibu-
lar ascending process and providing an interosseous
space between the metapterygoid ascending lamina
and the hyomandibula, whereas derived taxa have an
ectopterygoid posterior projection that separates the
quadrate and the entopterygoid. The projection exists
in latid fish and also in a few species of each order of
examined basal ctenosquamates.

12. Metapterygoid lamina (Fig. 46). The metaptery-
goid lamina (sensu Matsubara, 1943) is not present in
non-percomorph ctenosquamates [although Patterson
(1964) described a double dorsal lamina in the metap-
terygoid of the ctenothrissiform Aulolepis]. A metap-
terygoid lamina is present in beryciform and most of
the examined percoid fish. Its presence thus appears
to be a percomorph apomorphy. Among others, Centro-
pomus, Ambassis and Niphon have a well-developed
lamina, whereas it is reduced to a notch and a ridge in
latids (known in {Lates bispinosus, TEolates gracilis),
and also in three of the other examined species (i.e.
Percichthys trucha, Eupomotis aureus and Priacan-
thus arenatus).

13. Northworthy spine(s) at the posterior angle of the
preoperculum (Fig. 47). Except for some beryciforms
(the holocentrid Holocentrus and the trachichthyid
Gephyroberyx), neither non-perciform ctenosqua-
mates nor most percoid fish possess a strong spine
at the posterior angle of the preoperculum. Thus,
even if a strong preopercular posterior spine devel-
ops in many perciform larvae, the absence of such a
spine in adults is considered primitive (Baldwin &
Johnson, 1993). Furthermore, these authors noted
the development of such a spine in niphoninine
adults as an autapomorphy for the tribe, and the
absence of an elongated spine at the preoperculum
in the larval diploprioninines, liopropominines and
grammistinines as a synapomorphy (those tribes are
serranids). Centropomus and Ambassis [and also
Morone and Lateolabrax (Katayama (1959)] show
the primitive state of the character (no spine).
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code for the character 13 states:

0 => no large triangular spine at the posterior
angle of the two limbs of preoperculum.

1 => large triangular spine (or several strong
spines) at the posterior angle of the two limbs of
preoperculum present.

l.'. II l(
fhf f - state 1

state 0 e ~.

Figure 47. States of character 13. Posterior spine of the preoperculum.

code for the character 14 states:

0 => denticulation along the ventral border
of the horizontal limb of the preoperculum.

1 => strong triangular spines along the
ventral border of the horizontal limb of the
preoperculum.

2 => smooth border of the horizontal limb
of the preoperculum.

state 0~

Figure 48. States of character 14. Ventral border of the preopercular horizontal limb.

code for the character 15 states:

0 => the sensory canal runs in an open
groove along the vertical limb of the
preoperculum.

1 => the sensory canal runs in a tube
opened by numerous openings.

2 => the sensory canal runs in a close tube.

|\ state 2

Figure 49. States of character 15. Sensory canal on the ascending limb of the preoperculum.

Latids and Niphon (and some others such as Sini-
perca) have a strong spine at the posterior angle of
the preoperculum.

14. Ornamentation of the preoperculum horizontal
limb (Fig. 48). In basal acanthomorphs and most
percoids, like Centropomus and some latids, the ven-
tral border of the horizontal limb of the preopercu-
lum is smooth (Psammoperca) or feebly serrated
(Lates stapperst). In other latids and in Niphon [and
in some other percoid taxa such as Hapalogenys and
Lateolabrax (Katayama (1959)] strong spines
develop ventrally on the preopercular horizontal
limb. Ambassis woolffii is polymorphic for this char-
acter. Greenwood (1976) noted that large and well-
separated spines are rare among perciforms, and are
only known in serranids, Percalates, Siniperca and
in his ‘centropomids’. In the latter family, he inter-
preted both Centropomus and Lates stappersi as
derived taxa for this character, considering that the
smooth ventral border is due to a reduction of the
ornamentation.

The preopercular branch of the sensory canal

In basal ctenosquamates (ctenothrissiforms, patter-
sonichthyiforms, aipichthyoids, polymixiiforms and
beryciforms), the preopercular branch of the sensory
canal runs in an open groove with or without a bony
bridge at the angle of the two limbs of the bone. In
some percoids, the sensory canal runs in a bony tube.
The extent and distribution of the sensory canal bony
cover is different on the horizontal branch and on the
vertical one, depending the taxa (Niphon), so that two
different characters are considered.

15. Sensory canal on the ascending limb of the
preoperculum (Fig. 49). This runs in an open groove in
Centropomus and Ambassis. In most of the examined
percoids, the open groove is covered by several bridges
(Siniperca, Hapalogenys and in percids, serranids and
centrarchids, for example). In Lates, tEolates and
Psammeoperca, the sensory canal runs in a bony tube.

16. Sensory canal on the horizontal limb of the
preoperculum (Fig. 50). It runs in an open groove on
the horizontal limb of the preoperculum in Centropo-
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code for the character 16 states:

0 => the sensory canal runs in an open groove along

the horizontal limb of the preoperculum.

1 => the sensory canal runs in a groove with numerous

bony bridges.

/o A
— LY i L
=5 - o

state 0~ state 1

Figure 50. States of character 16. Sensory canal on the horizontal limb of the preoperculum.

code for the character 17 states:

0 => flat articular process of the premaxilla, with or without

a vertical gutter.
1 => ridge along the anterior border of the articular
process of the premaxilla.

—.__State 0 {

Figure 51. States of character 17. Articular process of the premaxilla.

code for the character 18 states:
0 => more than 12 abdominal vertebrae.
1 => 10 abdominal vertebrae.
2 => 12 abdominal vertebrae.
3 => 11 abdominal vertebrae.

st Dl:mr:l:lmml:lclr:]é\
ste 2 Dmmmmnmmnmmué\
state 3 DDDDDDDDDDD{

Figure 52. States of character 18. Vertebral formula (see also Table 2).

mus and Ambassis, whereas the groove is covered by
several large bony bridges in many percoids, including
Latidae, Siniperca and Niphon.

17. Articular process of the premaxilla (Fig. 51). The
lateral surface of the articular process of the premax-
illa is flat (with or without a vertical groove) in non-
percoid ctenosquamates and in most of the examined
perciforms, particularly fEolates gracilis (unknown in
other fossil latid species), Psammoperca, Centropo-
mus, Ambassis and Niphon [as well as many others,
such as percids, lutjanids and most serranids (except
Grammistes)]. In Lates a strong vertical ridge devel-
ops anteriorly on the articular process (it is also
present in Morone and Siniperca).

18. Vertebral formula (Fig.52). The variation in the
number of caudal vertebrae is not significant for the
concerned taxa (14 or 15), whereas the number of
abdominal vertebrae is quite stable within families. In
non-perciform ctenosquamates, the abdominal count
is higher than 12 [except in the beryciform Berycidae
(10) and Holocentridae (11) (Zehren, 1979), and in the
aipichthyids (11) (Otero & Gayet, 1996)]. Among per-
coids, the most common vertebral count is 10+14/15.

Gosline (1968) considered that this latter formula
(10+14/15) is primitive for his percoids, and Johnson
(1984) found such a count in half of the percoid fami-
lies. However, some families differ in their vertebral
count [e.g. Centrarchidae (11/14+15/19; Johnson,
1984), Percichthys (usually >30), Percidae (> 40)]. Cen-
tropomus, Ambassis and tEolates gracilis show the
percoid general state of the character with ten abdom-
inal vertebrae, whereas other latids (observed in
TE. aquensis, TLates bispinosus and TL. gregarius)
have 11 abdominal vertebrae. Some other percoid taxa
show different abdominal counts; for example, Bald-
win & Johnson (1993) noted a count of 30 vertebrae as
an autapomorphy of Niphon among serranids (the
members of this family normally show 24 vertebrae, of
which ten are abdominal). Among Grammistini, they
used the abdominal count as a synapomorphy of
Grammistes and Pogonoperca, despite the strong vari-
ations of the vertebral count in the family. Finally,
they considered a count of 26-28 vertebrae as a syn-
apomorphy for Aporops, Pseudogramma and Suttonia.

19. Configuration of the first haemal spine (Fig. 53).
In non-perciform ctenosquamates and in many perci-

© 2004 The Linnean Society of London, Zoological Journal of the Linnean Society, 2004, 141, 81-133

20z Iudy Gz uo 1senb AQ GL.Z4Z9Z/L8/L/ L1 L/2I0IE/UBSUUII00Z/WOD dNO"OIWSpEoR)/:SARY WO} POPEOJUMOQ



ANATOMY, SYSTEMATICS AND PHYLOGENY OF LATID FISHES 117

code for the character 19 states:

0 => first haemal spine totally fused to the
parapophyses (simple).

1 => first haemal spine partially fused to the
parapophyses (enlarged or trifid).

2 => first haemal spine not fused to the
parapophyses.

==t (-2 =
DS =
L -
state 0 state 1

¥ il fl
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/ | f

# l| F ’ &

Figure 53. States of character 19. Configuration of the first haemal spine.

code for the character 20 states: st
0 => one dorsal pterygiophore
supporting rays is bipartite,
others tripartite.
1 => several dorsal pterygiophores
supporting rays are bipartite,
several tripartite.
2 => all dorsal pterygiophores supporting
rays are bipartite.

-]
-

e 0 0 0 0 0

e 0 0 0 0 0

StateZ//

Figure 54. States of character 20. Pterygiophores (see also Table 2).

code for the character 21 states:
0 => two supernumerary dorsal spines.
1 => only one supernumerary dorsal spine.

state 0

/ - state 1 %

I e e e

Figure 55. States of character 21. Dorsal supernumerary spines (see also Fig. 30, Table 2).

forms, the first haemal spine is fused with the two
parapophyses and the observed structure is similar to
that of the following haemal spines. This is observed in
Centropomus, Ambassis and Niphon [as well as all the
serranids, and Johnson (1980) described the parapo-
physes of the first caudal vertebra as fused in the mid-
line to form the first haemal spine in the Lutjanoideal].
By contrast, latids (known in the fossils {L. bispinosus
and TE. gracilis) show a modified haemal spine, trifid
in anterior view, as if a fusion had occurred between
the parapophysis, the bony bridge and an haemal
spine. The latter state was observed elsewhere only in
some percid fish (Lucioperca and Perca) and in Ter-
apon. The development of the very broad haemal
arches of the examined percichthyids could represent
an intermediate stage between the two preceding ones
(haemal spine simple/trifid). This is supported by
Arratia (1982), who figured this latter stage in Per-
cichthys lonquimayensis and the trifid configuration in
other Percichthys and Percilia species.

20. Dorsal and anal pterygiophores (Fig.54). Bridge
(1896; in Johnson, 1980) first elucidated the tripartite
nature of the teleost median fin support. Primitively,
in lower teleosts, there is a proximal, a medial and a
distal radial, the three parts forming a pterygiophore,
but there is a tendency for these supports to become
bipartite through the fusion of the proximal and
medial radials (Bridge, 1896; in Johnson, 1980). In

most of the examined percoids, the pterygiophores are
bipartite in the anterior part of the fin and tripartite
in the posterior part. In another state, the medial
radial is fused to the (bipartite) pterygiophores sup-
porting the rays. Here the focus is on the presence of
the tripartite pterygiophore. In Polymixia, only the
first pterygiophore is bipartite and all others are tri-
partite. In Lates and Niphon (and also in most of the
percoids studied, e.g. Morone, Siniperca and Hapalog-
enys), the anteriormost rays are bipartite and the pos-
teriormost tripartite. Additionally, Baldwin & Johnson
(1993) noted the lack of an autogenous first distal
radial to be an epinephelin apomorphy, the first ptery-
giophore being primitively bipartite in percoids and
other serranids. All the pterygiophores are bipartite in
Psammoperca, Centropomus and Ambassis. The dis-
tribution of the character states is similar for the anal
fin for the analysed taxa and unknown in fossil
species.

21. Dorsal supernumerary spines (Fig.55). Johnson
(1984) considered the presence of two supernumerary
spines to be the most common and primitive state for
percoids. By means of an outgroup analysis of teleosts,
Patterson (1992) demonstrated that two supernumer-
ary elements is the primitive perciform number. This
is the state in Centropomus, Niphon; according to
Johnson (1984), the predorsal formula of Ambassis,
with one supernumerary fin spine is homologous. By
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code for the character 22 states:
0 => type 0 association. supracarinalis
1 => type 1 association. anterior

2 => type 2 association.
predorsal \

erectores
epaxialis dorsales

state 0

. dorsal  supracarinalis s dorsal
~ spines  anterior - - ~_.._spines

T ¥
Garesies " iali muscleinserte(ieé)r?)t(rlﬁeI
dorsales epaxialis

erectores dorsales 2nd pterygiophore

depressores dorsales state 1

Figure 56. States of character 22. Epaxial musculature, after Mooi & Gill (1995).

code for the character 23 states:
0 => 3 epurals.
1 =>2 epurals.

code for the character 24 states:
0 => one uroneural and one stegural.
1 => stegural only.

~ state 1

- ™ state 1

Figure 58. States of character 24. Uroneural (see also Table 3).

contrast, there is only one supernumerary spine in
both Recent and fossil latids. The reduction in the anal
supernumerary spine count does not vary among the
taxa in the analysis. They all have two supernumerary
anal spines.

22. Association between the epaxial musculature and
the dorsal skeleton (Fig.56). This character and its
phylogenetic implications have been defined and stud-
ied by Mooi & Gill (1995) in all extant acanthomorph
families, generally including several species. Among
other results, it enabled them to question the phylo-
genetic relationships between the Latidae and the
Centropomidae. They defined four types of association,
with type 0 shown to be the plesiomorphic state, and
the rest not polarized (although the structural com-
plexity increases with the number of the type of asso-
ciation). Two types are of concern here. Their data are
included in this analysis without any modification and
the taxa they used are given in parentheses.

type 0: there is no insertion of the epaxial muscles
on the distal tips of the pterygiophores. This plesio-
morphic state is observed in Polymixia, Centropomus
(C. armatus, C. ensiferus, C. pectinatus and
C. unidecimalis), and in Ambassidae (Ambassis sp.
and Chanda ranga) among others.

type 1: there is a separate slip of epaxial muscula-
ture that inserts dorsally on the second pterygiophore,
directly posterior to the second spine. This apomorphic
state is that of the Latidae (Lates -calcarifer,
L. mariae, L. niloticus and Psammoperca waigiensis)
and of Niphon spinosus (and the serranids). According
to the authors, this apomorphic state is the easiest to
identify.

23. Epural count (Fig.57). The primitive state of
three epurals is observed in all non-perciform ctenos-
quamates and in half the percoids studied. Among the
latter, this is the state in Centropomus, Niphon and
TEolates (observed in TE. gracilis and TE. aquensis),
whereas Lates, Psammoperca and Ambassis have two
epurals.

24. Uroneural (Fig. 58). The state comprising a well-
developed stegural and one uroneural is observed in
non-perciform ctenosquamates and most percoids.
Regarding the lack of the uroneural, Johnson (1983)
stressed that there is no argument to support the idea
that the distal process of the stegural is a relic of the
lost uroneural. I agree, on the basis that a well-devel-
oped posterior part of the stegural is observed in taxa
that still have a uroneural. A stegural plus a uroneu-
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code for the character 25 states:

0 => autogenous hypurals.

1 => hypurals 3 and 4 fused
to the pseudurostylar complex.

2 => hypurals 2, 3 and 4 fused
to the pseudurostylar complex.

— => others.

code for the character 26 states:
0 => no modification of the posttemporal.
1 => modification of the posttemporal due
to the connection with the tunica externa.

Figure 60. States of character 26. Connection between the tunica externa and the posttemporal.

code for the character 27 states:
0 => smooth posterior border of the cleithrum.

1 => posterior border of the cleithrum with one or several spines.

O =
'state 0 state 1'
i "-I d --l
L I.!I | ;I 'I. |.
1 G . Ol by ‘\\
state 0 ™ N state 1 N, g

,

Figure 61. States of character 27. Posterior border of the posterior plate of the cleithrum.

ral is found in Lates, TEolates, Centropomus and in
most of the percoids studied. Psammoperca and
Niphon (and also all the other serranids and some per-
cids) have one stegural but no uroneural [the loss of
the uroneural was noted by Greenwood (1976) as a
common character for Psammoperca and the Ser-
ranidae sensu Gosline (1966)].

25. Hypurals (Fig. 59). The five hypurals are gener-
ally separate and autogenous in basal ctenosquamates
and also in most of the percoids studied, including
tEolates and Niphon. This state is observed in the
young of some species in which the adults show
hypural fusion. Different types of hypural fusion are
observed: hypurals 3 and 4 [in Psammoperca, Lates,
adult Centropomus and Ambassis (A. wolffii)], and all
hypurals except the fifth are fused to the centrum in
Lates stappersi.

26. Connection between the tunica externa and the
posttemporal (Fig. 60). In Lates and Psammoperca,
the swimbladder and the posttemporal are connected
by a connective tissue from an antero-dorsal point on
the tunica externa to a depression on the ventral part
of the posttemporal medial face (Greenwood, 1976).
According to this author, this is a characteristic of the
family Latidae among percoids. Because of working

mostly with dry skeletons and fossils, the connective
tissue itself has not been observed. Therefore, it is the
presence of the depression on the medial face of the
posttemporal that defines this original state [observed
in all Recent species and in disarticulated fossils
(fLates sp. cf. niloticus from the Pliocene of the
Natronal)]. This modification was not observed in any
other fish examined.

27. Ornamentation on the posterior border of the
cleithrum (Fig. 61). The border of the cleithral poste-
rior plate is either ornamented with one to several
small spines or smooth. It is smooth in non-perciform
ctenosquamates (in the beryciform Ostichthys, small
spines are present but limited to the upper part of the
posterior border of the ascending limb). The posterior
plate of the cleithrum bears one or several spines
in the Latidae, both extant and fossil (known in
tEolates gracilis, TE.aquensis, TLates gregarius,
tL. bispinosus), and in Niphon (one spine), whereas it
is smooth in Centropomus, Ambassis and in other per-
coids such as non-niphonine serranids and lutjanids.

28. Ventral expansion on the posterior plate of the
cleithrum (Fig.62). In non-perciform ctenosqua-
mates, perciforms and some percoid fish, the ventral
border of the cleithral plate is smooth, whereas in the

© 2004 The Linnean Society of London, Zoological Journal of the Linnean Society, 2004, 141, 81-133

20z Iudy Gz uo 1senb AQ GL.Z4Z9Z/L8/L/ L1 L/2I0IE/UBSUUII00Z/WOD dNO"OIWSpEoR)/:SARY WO} POPEOJUMOQ



120 0. OTERO

code for the character 28 states:

0 => no ventral expansion on the posterior plate
of the cleithrum.

1 => ventral expansion on the posterior plate
of the cleithrum present.

code for the character 29 states:
0 => no median posterior process
1 => median posterior process

state 0 —'z
of the pelvic bone rod-like or spear-head shaped.

2 => median posterior process

of the pelvic bone with a sharp point. state 1.|
3 => median posterior process Vol
of the pelvic bone in short massive expansion. c‘< :

7 N
;/ i | rA| [
\“ " \‘)\ . i
state 0 ) state 1 S

Figure 63. States of character 29. Medio-posterior process of the pelvic bone.

other percoids, a small bony expansion develops ven-
trally on that plate. Centropomus and Niphon show
the former generalized state, whereas both Recent and
fossil Latidae and Ambassis show the latter state.

29. Medio-posterior process of the pelvic bone
(Fig. 63). In percomorphs and holocentrids only, there
is a posterior suture between the two pelvic bones
(Stiassny & Moore, 1992; O. Otero, pers. observ.) and a
suture between the two hemi-processes in their prox-
imal part, whereas in more primitive groups the two
hemi-processes remain separated (Polymixia). The
length of the postero-median process was used by Gos-
line (1966) as a difference between his percichthyids
(long process) and serranids (short process). In fact,
the variations appear to be more complex within fam-
ilies; moreover, Arratia (1982) noted some intraspe-
cific variations in the lengthening, and Johnson (1980)
considered the comparison of the posterior process
length as a poor taxonomic character. By contrast, the
shape of the posterior process appears to be more reli-
able. It is a sharp, pointed process in the Latidae, both
Recent and fossil (observed in fEolates gracilis and
tLates bispinosus), whereas it is a spear-head-like pos-
terior process in Ambassis and Niphon (and also Sini-
perca, Hapalogenys and Morone) and the process is
reduced to a massive expansion between the two fins
in Centropomus.

RESULTS, DISCUSSION AND CONCLUSION

The cladistic analysis is based on 29 characters, 28 of
which are osteological and one myological (insertion of

the epaxial muscles of the dorsal fin; data from Mooi &
Gill, 1995). The character states were coded in a data
matrix using MacClade, and processed with PAUP
3.1.1 with an exact search method algorithm (exhaus-
tive search) to obtain the most parsimonious hypoth-
esis. The trees are rooted with an outgroup (Polymixia
lowet).

By processing the data matrix with the character
states unordered and of equal weight, five most parsi-
monious trees were retained; their length is 49 steps
[CI=0.796; RI = 0.848; RC = 0.675].

Figure 64 shows the consensus tree, and Figure 65
the conflicting arrangements, both with the distribu-
tion of the character states (including equivocal posi-
tions). The main results are: the paraphyly of the
family Centropomidae s.l.; the monophyly of the fam-
ily Latidae (Psammoperca, TEolates and Lates); the
monophyly of the group (Psammoperca + Lates); and
the polyphyly of the genus tEolates as a stem group
at the base of the family. The distribution and the
support for the nodes are critiqued below with refer-
ence to the character descriptions. The differing
hypotheses for the Lates species intrarelationships
are discussed. Moreover, a synthetic table (Table 5) of
the diagnostic characteristics of both the Recent and
the fossil latids highlights the ‘resemblances’ between
the taxa and gives the autapomorphic characters for
the species.

‘PERCOID’ (FIG. 64)

This group is monophyletic in the analysis and unites
the perciform fishes of the analysis, separate from the
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tEolates tEolates . . ..
Lates Psammoperca aquensis gracilis Niphon Centropomus Ambassis  Polymixia
20.1->2
11.0->1 (Centropomus
17.0->1 & Ambassis) 7.0->1
. 24.0->1 (Latidae),
(Niphon) 19.1->2 @ <2 6.0->1
28.0->1
(Latidae)
(Ambassis) 23.0->1 23.(?-t>1
Ci - ates+
( ;Ztgggg;;g 25.0->1 Psammoperca)
2.0->1
(Ambassis) 6.0->1
e - 15.1->2
15.0->2 A->
3.0>2(@ > 19.0->1 24.0->1 3.0->1
7.0->1 (Centropomus) 21.0->1 (Psammoperca) | 20 .0/1->2
8.0->1 (Ambassis) 28.0->1 25.0->1  (Lates+
26.0->1 20.1->3 Psammoperca)

12.0->1
14.0->1 18.0->1
16.0->1 29.0->1
22.0->1
27.0->1

@)4.0»1

Figure 64. Strict consensus of the five most parsimonious trees (indices in the text) obtained by a cladistic analysis of char-
acter states summarized in the data matrix (Table 4). The character state changes are given. Apomorphies are in bold type.

See Fig. 65 for the area of disagreement.

outgroup, Polymixia lowei. The monophyly of the sub-

order Percoidei itself is not discussed and the attribu-

tion of the species to the suborder is accepted as
defined by Johnson (1984). Three characters unite the
percoid taxa in the analysis.

e A metapterygoid lamina (character 12, state 1) is
present in the beryciforms and perciforms studied.
It appears to be a percomorph apomorphy.

¢ An abdominal vertebrae count of ten (character 18,
state 1) is generally considered as the percoid prim-
itive condition.

¢ The presence of a spear-head-like median posterior
process of the pelvic bone (character 29, state 1)
appears to be apomorphic at that node. A median
process exists in the percomorph and holocentrid
fish, and its shape may be a character available at
the family level; the roughly spear-head-like pat-
tern is observed in some other basal percoids and
could be a primitive/generalized state.

A fourth character is highly probably an apomorphy
at this node rather than at the ‘Niphon + latid’ node.
¢ The anteriormost pterygiophores of the dorsal fin
are bipartite, the posteriormost are tripartite (char-
acter 20, state 1). This character has an ambiguous
position in the analysis. However, I assume that the

state of several bipartite pterygiophores preceded
the state in which all the pterygiophores are bipar-
tite (which exists in Ambassis + Centropomus, and
in Psammoperca and is then interpreted as a more
derived state). This agrees with the hypothesis
made by Patterson (1992) of a general tendency
towards the fusion of the pterygiophore radials, as
well as with Baldwin & Johnson (1993), who con-
sidered (state 1) to be the primitive condition for the
character in percoids.

THE PARAPHYLY OF THE FAMILY CENTROPOMIDAE
S.L. (FIG. 64)

The distribution of the ingroups within the family
Centropomidae s.l. clearly demonstrates its paraphyly.
‘Ambassis + Centropomus’ appears to be the sister-
group of ‘Niphon + Latidae’, both taxa being defined
by three and eight character states, respectively,
which could be apomorphies for upper level taxa of
percoids.

Greenwood (1976) considers that the broad shape of
the first neural spines in Lates, Psammoperca and
Centropomus indicates their common phylogenetic ori-
gin, whereas, according to Mooi & Gill (1995), this
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character is not homologous. Following Mooi & Gill
(1995), I do not consider this character in the analysis
because of (1) the high subjectivity in its determination
as the fact that it is a continuous character, and (2) its
wide distribution among studied taxa. According to
Greenwood, a second character supports the mono-
phyly of the Centropomidae s..., the presence of pored
lateral-line scales extending to the posterior border of
the caudal fin. My study was based on osteological
characters and not on scale characters; however, Mooi
& Gill (1995) suggested that this scale character is pos-
sibly the plesiomorphic state within Perciformes.

THE CENTROPOMUS + AMBASSIS GROUP (FIG. 64)

This group is supported by three character states, the

first being apomorphic and the two latter being

homoplasic in the analysis. Moreover, all of them have
been observed elsewhere among percoids.

¢ The frontal branch of the sensory canal running in
an open groove is observed in Centropomus and
Ambassis (character 3, state 1) and also in Lateola-
brax and percichthyids.

e A fused proximal and median radial on all the
pterygiophores (character 20, state 2) is also
observed in Psammoperca (see also ‘Percoid’).

¢ The fusion of hypurals 3 and 4 with the pseudouro-
stylar complex (character 25, state 1) is also known
in Psammoperca and Lates species.

The latter two characters are also currently
observed in different lineages and could be convergent
for Centropomus and Ambassis. The first one could be
uniting a larger group among basal percoids. In my
opinion, these shared character states are far too weak
to support alone a possible sister-group relationship
between the families Centropomidae and Ambassidae,
which appear to be plesiomorphic when compared
with the other percoids in the analysis.

Although the aim of the study was not to define
them, Centropomus unidecimalis and Ambassis wool-
ffii exhibit autapomorphies. Those of C. unidecimalis
are shared by the other species of the family
Centropomidae.

* The presence of frontoparietal crests (character 7,
state 1) is convergent with latids. Moreover, identi-
fying this as convergence is supported by the differ-
ent type of frontoparietal crests in C. poeyi,
C. pectinatus and C. parallelus, in which they are
not continuous between the frontal and parietal.

® The median posterior process of the pelvic bones
forming a short and massive expansion is only
present in Centropomidae among all the studied
taxa (character 29, state 2).

Ambassis woolffii is convergent with latids or with
‘Lates + Psammoperca’ by three characters (dis-
cussed below).

* An anteriorly developed supraoccipital bone (char-
acter 6, state 1).

* A ventral expansion on the cleithral plate (charac-
ter 28, state 1).

¢ The presence of two epurals (character 23, state 1).

THE LATIDS + NIPHON GROUP (FIG. 64)

The group is supported by eight apomorphies.

* The sphenotic branch of the sensory canal runs in a
tube (character 4, state 1).

* The pterotic branch of the sensory canal runs in a
tube (character 5, state 1). (Both these character
states have the same distribution for the analysed
taxa but not among percoids.)

¢ A sphenotic shelf developing laterally and posteri-
orly (character 9, state 1). This is also observed in
percids and its presence in Niphon is an exception
among serranids, many of which show a small pro-
cess instead of a shelf.

® There is a strong posterior spine at the angle of
the preopercular limbs (character 13, state 1).
This character state could be a convergence as it
is considered to be an autapomorphy for nipho-
nines by Baldwin & Johnson (1993) among ser-
ranids and is also present in a few other
percoids.

e Strong triangular spines develop ventrally on the
horizontal preopercular limb (character 14, state 1),
in latids, in Niphon and more generally in ser-
ranids, and also in few other percoids.

* The sensory canal runs in a groove with several
bony bridges on the horizontal preopercular limb
(character 16, state 1). This is generally observed in
percoids except, among the species studied, Ambas-
sis, Centropomus, and also Morone and Percichthys
Jjordanops.

* The epaxial musculature shows an association of
type 1, according to Mooi & Gill’s (1995) definition
(character 22, state 1); this association is the same
as that of latids and serranids among other per-
coids. It was the first argument to contradict the
monophyly of the family Centropomidae s.l. (Mooi &
Gill, 1995).

* One or several spines develop at the posterior bor-
der of the cleithral plate (character 27, state 1). This
is also observed in some other percoids but not in
serranids other than Niphon.

Moreover,

* the sensory canal running in a groove covered by
several bony bridges on the vertical preopercular
limb (character 15, state 1) is probably an
apomorphy at this node if we assume it is an
intermediate state between an open groove (state
0) and a bony tube (state 2), which is a latid
apomorphy.
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Finally, another character (character 20, state 1)
has an ambiguous position. The ‘percoid’ position is
preferred (see ‘Percoid’).

The number of apomorphies, first, underlines the
paraphyly of the family Centropomidae s.l., and, sec-
ond, suggests a possible percoid group uniting at least
the families Latidae and Serranidae. However, I chose
Niphon as a representative of the family Serranidae,
and, logically, among the eight apomorphies, five are
shared by all serranids and latids (and sometimes
other percoids). However, three apomorphies (charac-
ter 9, state 1; character 13, state 1; character 27, state
1) are only shared by Niphon and latids, and not by
any other serranid fish. So, either Niphon and latids
are convergent, or the Serranidae is paraphyletic (or
should exclude Niphon). The serranid—latid interrela-
tionships are not discussed further. The aim of the
study was not to place the family Latidae among a
hypothetical ‘serranoid’ group, and thus the serranid
apomorphies identified by different authors (e.g.
Johnson, 1983, 1984, 1988; Baldwin & Johnson, 1993)
were not taken into account.

In the analysis, Niphon spinosus has one autapo-
morphy, the increase in the number of abdominal ver-
tebrae to 12 (character 18, state 2), which agrees with
Baldwin, who noted the vertebral formula as a nipho-
nine apomorphy.

THE MONOPHYLY OF THE FAMILY LATIDAE (FIG. 64)

The latid fish share six apomorphies. They are not or
only rarely found in any other perciform species. The
data are lacking in at most one fossil latid species.

¢ The presence of mesethmoid projections (character
2, state 1) is known in the beryciform Caproberyx,in
the polymixiiform Homonotichthys (Patterson,
1964) and in percid fish of the genera Percina and
Percilia. The state is unknown in fLates bispinosus.

* The reduction of the metapterygoid lamina to the
relict ridge and notch (character 12, state 1) is
observed in Percichthys trucha (Percichthyidae),
and in the studied species of Eupomotis (Cen-
trarchidae) and Priacanthus (Priacanthidae). The
state is unknown in fEolates aquensis.

* A sensory canal on the ascending limb of the pre-
operculum in a bony tube (character 15, state 2) was
not observed in any other taxa. The state is
unknown in fEolates aquensis.

* A trifid first haemal spine (character 19, state 1) is
present in some percid and percichthyid species
(among the following genera: Lucioperca, Perca,
Percichthys and Percilia). The state is unknown in
tEolates aquensis.

* A single dorsal supernumerary spine is observed in
the Latidae (character 21, state 1). The count of the
supernumerary spines is made following Patterson

(1992) [see Anatomy: the first spine(s), which are
not serially associated with a pterygiophore, are
supernumerary spine(s)]. I agree with Johnson
(1984) that the ambassid single dorsal supernumer-
ary fin spine is equivalent to the generalized percoid
state with two supernumerary spines (when consid-
ering the whole predorsal formula). This hypothesis
is supported by the distribution of the character
among percoids. The state is known in all latid fossil
species.

* A medio-posterior pelvic process (apomorphic for
percomorphs) is sharp and pointed in shape (char-
acter 29, state 3) in two other species of the study,
Serranus unicolor and Terapon trivittatus. The
state is unknown in fEolates aquensis.

Two latid characters are homoplasic in the analysis.
They are both convergent with Ambassis, and also,
with Hapalogenys and lutjanids for the first, and with
Morone and Hapalogenys for the second.

* An anteriorly developed supraoccipital (character 6,
state 1).

¢ The development of a ventral expansion on to the
cleithral posterior plate (character 28, state 1). The
use of this expansion is unknown (is it to reinforce
the support of the dorsal postcleithrum?); moreover,
its primitive absence and its later loss cannot be
distinguished.

Furthermore, four apomorphies have an ambiguous
position among basal latids, because their state is
unknown in fEolates gracilis and in fEolates aquen-
sis. Only new fossil material would enable us to fix
their position.

* The sensory canal running in a bony tube on the
frontals, including the interfrontal branch (charac-
ter 3, state 2), has been observed in latid fish,
including {Lates bispinosus. It also exists in Hapal-
ogenys, in some derived serranids like the epi-
nephelines, and in other perciform lineages such as
lutjanids (e.g. Lutjanus chrysurus).

* Fronto-parietal crests (character 7, state 1) exist in
latid fishes and also in Centropomus.

* A posterior process of the epiotic (character 8, state
1) has been described and observed in latid fish,
including fLates bispinosus; it sometimes develops
among percoids, including some serranid fish (but
not Niphon).

* Connection between the tunica externa and the
posttemporal (character 26, state 1) has only been
described and observed in the extant latid fish, but
its presence or absence in fossil species is unknown.
Finally, the material of a proposed latid fish from

the Maastrichtian and Early Upper Palaeocene of

Bolivia was reported by Gayet (1991) and described by

Gayet & Meunier (1998). Apart from bones belonging

to a perciform fish (quadrates, pterygiophores) and

tentatively referred to the same fish, they assigned
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vertebrae, dentaries, premaxillae, basioccipitals, clei-
thra, and dorsal and pelvic spines to a latid fish, on the
basis of the characters discussed. The enlarged neural
spine of the second vertebra, defining the Centropomi-
dae s.l. in Greenwood’s (1976) opinion, is not valid in
my opinion (see discussion on The paraphyly of the
family Centropomidae s.l.). A concave border of the
dentary is related to the notch present in Lates and
Eolates, but the general shape of the bone figured by
the authors also resembles some percoid jaws (e.g. as
figured by Arratia, 1982) and could correspond to the
presence of a ventral plate on the dentary. The dentary
striae that are present in some Lates species and in
the Bolivian fossil are also present in other taxa. The
spines on the horizontal limb of the preoperculum are
not only a latid character but also a serranid one
(character 14, state 1). Moreover, on the figured bone,
the spines are not massive and shaped as in Lates or
Eolates, and their orientation is also different. So,
lacking more data, I propose to keep this unnamed
perciform in Perciformes incertae sedis.

BASAL LATID INTERRELATIONSHIP: TEOLATES
POLYPHYLY (FIG. 64)

TEolates is polyphyletic. TEolates gracilis is the sister-
group of all other fossil and Recent latids (i.e. TEolates
aquensis + ‘Lates + Psammoperca’), which are united
on the basis of one apomorphy:

* An abdominal vertebral count of 11 centra (charac-

ter 18, state 3).

Some of the four ‘latid’ apomorphies with an ambig-
uous position could support this node instead (see The
monophyly of the family Latidae).

The genus TEolates was created by Sorbini (1975) on
the basis of the presence of three epurals (two in
Lates) and of a low number (three) of spines on the
posterior border of the cleithral plate. Gaudant (1977)
and Gaudant & Sen (1979) rejected the validity of the
genus and argued using only the genus Lates: they
considered that the epural count is not always observ-
able in fossil species and moreover that it is variable
in some Recent species (Vladikov, 1962, in Gaudant,
1977). In my opinion, the problem of the genus
TEolates is that it was defined by a plesiomorphy, i.e.
three epurals (the count of cleithral spines is variable
among species, but remains low in tEolates). However,
TE. gracilis and TE. aquensis clearly do not belong in
the group formed by Lates + Psammoperca. TEolates is
not a monophyletic genus, Lates is monophyletic, and
together they form a paraphyletic group. So, we keep
tEolates as a valid genus for the ‘basal’ latids, i.e. the
non-Lates and non-Psammoperca latids. The genus is
polyphyletic and contains at least two species:
tEolates gracilis and tE. aquensis. TEolates macrurus
is kept in the genus as defined by Sorbini (1975).

THE LATES + PSAMMOPERCA GROUP AND THE
MONOPHYLY OF BOTH GENERA (FIG. 64)

Two characters unite Lates and Psammoperca in a
monophyletic group. They are both homoplasic in the
analysis but apomorphic for the family.

* The reduction in the number of epurals from three
to two (character 23, state 1). This epural number is
also observed in Ambassis, Morone and Siniperca.

® The fusion of hypurals 3 and 4 with the pseu-
dourostylar complex (character 25, state 1). This
fusion is also observed in Ambassis + Centropomus

(see above).

There is a tendency to the reduction of the epural
number (and more generally of number of caudal ele-
ments) and also a tendency to the fusion of hypurals.
This is observed in other percoid lineages and else-
where, e.g. in basal acanthomorphs (Otero & Gayet,
1996). Nevertheless, they could be interesting charac-
ters to resolve intrafamiliar relationships. Moreover,
some of the four ‘latid’ apomorphies with an ambigu-
ous position could reinforce this node (see The mono-
phyly of the family Latidae).

Lates is monophyletic and presents two apomor-
phies that are only observed in its species among the
analysis.

* The presence of bean-shaped exoccipital facets
(character 11, state 1). This character state is
unknown in fossil species.

* The presence of a ridge lateral on the premaxilla
articular process (character 17, state 1).
Psammoperca is monotypic. Two homoplasic charac-

ters are apomorphic at the familial level.

® The fusion of the proximal and median radial of
all anal and dorsal pterygiophores, which are then
bipartite (character 20, state 1). This state is also
shared by Centropomus and Ambassis (see also
‘Percoid’).

¢ The absence of an uroneural (character 24, state 1).
This reduction also occurs in Niphon (the comment
made above on the epural count can be extended to
this character).

LATES FOSSIL SPECIES (FIG. 64; TABLE 5)

Seven fossil species are attributed to the genus Lates.
Some show apomorphies of the family. Their other
known characteristics are discussed in Table 5.

(1) fL. bispinosus is known from a single specimen
lacking the posterior half of the body and the anterior
part of the head. It shows the apomorphic state for
most of the family characters, and a count of 11
abdominal vertebrae (a character of the unnamed
taxon). The state is unknown for the identified
Psammoperca + Lates characters. However, the pres-
ence of the Lates pleurosphenoid pedicle is probable.
Furthermore, it does not share any of the Psammo-
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perca apomorphies. So, it may be a Lates, but it is cer-
tainly not a Psammoperca.

(2) fL. partshii (Heckel, 1856; Middle Miocene of
Austria) shows one Lates + Psammoperca character
state: the presence of two epurals. Furthermore. it
resembles Lates with the presence of three spines on
the posterior border of the cleithrum.

The states for the four other fossil Lates species is
unknown for any of the latid characters.

(8) TL. gregarius (Bannikov, 1992; Upper Miocene of
Northern Moldavia) has the predorsal formula 0/0/
0 + II/T + I/, which is the formula shared by the percoid
fish in this analysis except Ambassis and some auta-
pomorphic taxa.

(4) & (5) TL. macropterus (Bassani, 1889; Oligocene
of Chiavon, Italy) and fL. croaticus (Kramberger,

A - consensus

L. (Lates) L. angustifrons L. microlepis L. stappersi

1 T

60% 40%

I 100%

C-tree2
L. (Lates) L. angustifrons L. microlepis L. stappersi
| L. mariae
(110 1.0->1
10.0->1 1.0->1

(* 1.0->1)

L. (Lates) L. angustifrons L. microlepis L. stappersi

L. mariae
10.0->1 I_JI:I 10.0->1 I

- 1.0->1

E-tree 4

1902; Miocene of Croatia) are too badly preserved to
determine any character state.

(6) L. karungae (Greenwood, 1951; Miocene, Lake
Victoria, Kenya) is only known by isolated vertebrae.
Lacking any contradictory characters, the species is
left in the genus Lates.

NB. (7) Another species of Lates has just been
described in the Lower Oligocene of Egypt (Murray &
Attia, 2004).

LATES INTRAGENERIC RELATIONSHIPS (FIG. 65,
TABLE 5)

Despite the weakness of morphological information for
most of the fossil taxa (Table 5), a phylogenetic
hypothesis, based on osteological characters, enables

B - tree 1

L. (Lates) L. angustifrons L. microlepis L. stappersi
L. mariae

* 1.0->1

L. (Lates) L. angustifrons L. microlepis L. stappersi

L. mariae
C{.'D 1.1->0

D -tree 3

10.0->1

+ 1.0->1

L. (Lates) L. angustifrons L. microlepis L. stappersi
L. mariae

F -tree 5

10.1->0

+ 1.0->1
+10.0->1

Figure 65. The hypothesis of Lates intrarelationships: the majority rule consensus tree and the five most parsimonious
trees. The characters creating the conflict are character 1, oval shape: (0) short ethmovomerine region, (1) long ethmo-
vomerine region; character 10, rectangular shape: (0) pleurosphenoid pedicle absent, (1) pleurosphenoid pedicle present.
Apomorphies are in black, reversals in white and convergences in grey.
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us to resolve the intrarelationships of both Recent and
fossil Latidae. This monophyletic family is known
since (at least) the Eocene, with the fossil genus
Eolates; the Recent genera, i.e. Lates and Psammo-
perca, are sister-groups. However, the cladistic analy-
sis does not resolve the Recent Lates species
interrelationships.

The genus Lates is monophyletic, and Lates (Luci-
olates) unites the four Recent species of the genus
which are endemic to Lake Tanganyika, i.e.
L. angustifrons, L. microlepis, L. marice  and
L. stappersi, whereas Lates (Lates) gathers
L. macrophthalmus, L. longispinis, both endemic to
Lake Rudolf, L. calcarifer from Indo-Pacific coastal
waters, and L. niloticus from Miocene to Recent Afri-
can freshwaters, and, by default, six supposed Lates
fossil species (see Lates fossil species, above). How-
ever, the five most parsimonious trees of the cladistic
analysis of the family differ in Lates intrarelation-
ships (Fig. 65B-F). A majority rule consensus tree
(Fig. 65A) indicates the paraphyly of Lates (Luci-
olates) as Lates angustifrons forms a monophyletic
group with Lates (Lates) in three of the five most par-
simonious trees. The conflict is based on the interpre-
tation of two characters. The majority rule tree unites
Lates (Lates) with Lates angustifrons because
L. microlepis + L. mariae and L. stappersi are coded
the same for both the concerned characters.

The elongation of the ethmovomerine region (see
also Anatomy) is observed in all the Tanganyikan spe-
cies. However, this character is not properly discrete:
for examined specimens of a similar neurocranial
length (around 100-120 mm), the ratio d/a (Table 1),
which characterizes the length of the ethmovomerine
region compared with the total neurocranial length,
is around 18-19% in Lates niloticus, 23% in
L. angustifrons and up to 28% in L. stapperst, but only
14-15% in L. calcarifer. Furthermore, if the ratio is
stable in some species (e.g. L. niloticus), it is variable
between young and adults in other species (e.g.
L. calcarifer). Nevertheless, the choice of 20% as the
limit between short and long snouts, which seems so
subjective, reflects the limit under which the speci-
mens do not show modification of the snout morphol-
ogy, i.e. no lateral ethmoid posterior border that slopes
backward from the parasphenoid to the frontal in a
sharp angle. This is the situation in all the fossil Lates.
Whether they are European complete specimens or
Afro-Arabian disarticulated fossils, and from the
Lower Miocene to the Late Pliocene, they do not show
any elongation of the ethmovomerine region. So, the
appearance of the apomorphic state of the elongate
snout at the genus level, which makes the Tanganyi-
kan species a stem polyphyletic group [trees 1 and 3
and solution in italic of tree 2 (Fig. 65B-D); these trees
are the same as the branches of L. microlepis + L mar-

iae are not supported] seems weakly probable. There-
fore, either the elongation of the snout appears once
and Lates (Luciolates) is valid (trees 4 and 5, Fig. 65E,
F), or it appears twice and we find the majority-rule
consensus situation (tree 2, normal type, Fig. 65C).

The pleurosphenoid pedicle (see also Anatomy) is
developed in the Lates (Lates) species and in
L. angustifrons. The presence or absence of a pleuro-
sphenoid pedicle is a discrete character, but its devel-
opment is more or less obvious according to the
species, and reduced in Lates angustifrons. Moreover,
although its presence or absence is unknown in most
Lates fossil species (as the pleurosphenoid pedicle
area is often hidden or crushed), it is probably present
in TL. bispinosus. This indicates an earlier presence of
the apomorphic state in the genus.

Therefore, the discussion of the concerned charac-
ters leads us to suspect the probable monophyly of the
subgenus Lates (Luciolates) as defined by Greenwood
(1976); in which case Lates (Lates) is the Lates stem
group and is either supported by the homoplastic
development of a pleurosphenoid pedicle (tree 4,
Fig. 65E), or is not supported by any apomorphy (tree
5, Fig. 65F) and might then be polyphyletic. No infor-
mation supports one hypothesis over another.

ACKNOWLEDGEMENTS

I greatly thank Peter Forey (NHM, Palaeontology),
Mireille Gayet (CNRS, Lyon), as well as Tony Gill
(NHM, Ichthyology) and Alison Murray (Canadian
Museum of Nature) for help and discussions; Oliver
Crimmen for access to the collections (NHM, Ichthy-
ology); Francois J. Meunier (MNHN, Ichthyology) who
lent material; and Arlette Armand for scanning (CNRS,
Lyon, DAO service). This work was part of a European
PhD, and I gratefully acknowledge the receipt of two
grants, from the British Council and from the Région
Rhone-Alpes. The main part of this work was done at
the NHM (London). Drawings are by the author.

REFERENCES

Agassiz L. 1843. Recherches sur les Poissons fossiles.
Neuchétel.

Ahlstrom EH, Butler JL, Sumida BY. 1976. Pelagic stroma-
teoid fish (Pisces, Perciformes) of the eastern Pacific: kinds,
distributions and early life histories and observations on five
of these from the northwest Atlantic. Bulletin of Marine Sci-
ence 26: 285—402.

Allen GR, Swainston R. 1988. The marine fish of north-west-
ern Australia. Perth: West Australia Museum, 1-201.

Arratia GF. 1982. A review of freshwater Percoids from South
America (Pisces, Osteichthyes, Perciformes, Percichthyidae,
and Perciliidae). Abhandlungen der Senckenbergischen
Naturforschenden Gesellschaft 540: 1-52.

© 2004 The Linnean Society of London, Zoological Journal of the Linnean Society, 2004, 141, 81-133

20z Iudy Gz uo 1senb AQ GL.Z4Z9Z/L8/L/ L1 L/2I0IE/UBSUUII00Z/WOD dNO"OIWSpEoR)/:SARY WO} POPEOJUMOQ



ANATOMY, SYSTEMATICS AND PHYLOGENY OF LATID FISHES 129

Baldwin C, Johnson GD. 1993. Phylogeny of the Epinepheli-
nae (Teleostei: Serranidae). Bulletin of Marine Science 52:
240-283.

Bannikov AF. 1992. A finding of centropomid fish (Perci-
formes) in the Lower Sarmatian of Moldavia. Paleontolog-
icheskiv Zhurnal 3: 63-70.

Bassani F. 1889. Ricerche sui pesci fossili di Chiavon
(strati di Sotzka, Miocene inferiore). Atti dell’ Accademia
di Scienze Fisice e matematiche di Napoli, Series 2 3: 1—
104.

Bleeker P. 1857. Derde bijdrage tot de kennis der ichthyolo-
gische fauna van Borneo. Amsterdam: Bataviae, 1857,
21+4pp.

Bleeker P. 1859. Enumeratio specierum piscirum hucusque in
archipelago Indio. Amsterdam: Bataviae, 1857: 276pp.

Bloch. 1790. Ichthyologie ou Histoire naturelle générale et par-
ticuliére des Poissons. Discours, Vol. 4. Berlin: L.-P. Hegener
(printer), 160pp.

Boulenger GA. 1898. Matériaux pour la faune du Congo: pois-
sons nouveaux. Annales du Musée du Congo, Series 2. Zool-
ogy 1: 1-20.

Boulenger GA. 1904. A synopsis of the suborders and families
of Teleostean fish. Annals and Magazine of Natural History
7:13.

Boulenger GA. 1906. Fourth contribution to the ichthyology
of Lake Tanganyika. Report on the collection of Fish made by
Dr. W. A. Cunnington during the Third Tanganyika expedi-
tion (1904-1905). Transactions of the Zoological Society of
London 17: 538-601.

Boulenger GA. 1914. Mission Stappers au Tanganyika-
Moero. Diagnoses de poissons nouveaux. I. Acanthoptéry-
giens, Opisthomes, Cyprinodontes. Revue de Zoologie Afric-
aine 3: 442-447.

Bridge TW. 1896. On the mesial fins of ganoids and teleosts.
Journal of the Linnean Society, Zoology 25: 530—-602.

Brunet M, Beauvilain A, Billiou D, Bocherens H, Bois-
serie JR, de Bonis L, Branger P, Brunet A, Coppens Y,
Daams R, Dejax J, Denys C, Duringer P, Eisenmann V,
Fanoné F, Fronty P, Gayet M, Geraads D, Guy F,
Kasser M, Koufos G, Likius A, Lopez-Martinez N, Lou-
chart A, Maclatchy L, Mackaye HT, Marandat B,
Mouchelin G, Mourer-Chauviré C, Otero O, Peigné S,
Pelaez Campomanes P, Pilbeam D, Rage JC, de Ruit-
ter D, Schuster M, Sudre J, Tassy P, Vignaud P, Viriot
L, Zazzo A. 2000. Chad: discovery of a vertebrate fauna
close to the Mio—Pliocene boundary. Journal of Vertebrate
Paleontology 20: 205-209.

Cuvier G. 1817. Le regne animal distribué d’aprés son organ-
isation, pour servir de base a U'histoire naturelle des animaux
et d’introduction a l'anatomie comparée. Poissons. 2. Paris,
532pp.

Cuvier G, Valenciennes A. 1828. Histoire naturelle des Pois-
sons 2. Paris, 1-490.

Fowler HW. 1907. Notes on Serranidae. Proceedings of the
Academy of Natural Sciences of Philadelphia 1907-1908:
249-269.

Fraser TH. 1968. Comparative osteology of the Atlantic
Snooks (Pisces, Centropomus). Copeia 1968: 433—461.

Gaudant J. 1977. Additions a l'ichthyofaune stampienne
d’Aix-en-Provence (Bouches-du-Rhéne). Géologie Méditer-
ranéenne 4: 205-210.

Gaudant J. 1987. A preliminary report on the Osteichthyan
fish fauna from the Upper Neogene of Sahabi, Libya. Neo-
gene Paleontology and Geology of Sahabi 6: 91-99.

Gaudant J, Sen S. 1979. Premiére découverte de Lates Cuv. &
Val. (Poisson Téléostéen, Centropomidae) dans le Néogene
continental de Turquie. Bulletin du Muséum National d’His-
toire Naturelle, 4e Série 4: 359-365.

Gaudant M. 1978. Recherches sur 'anatomie et la systéma-
tique des Cténothrissiformes et des Pattersonichthyiformes
(Poissons téléostéens) du Cénomanien du Liban. Mémoires
du Muséum National d’Histoire Naturelle, Sciences de la
Terre 41: 1-124.

Gayet M. 1983. Poissons. In: Petit-Maire N, Riser J, eds.
Sahara Ou Sahel? Quaternaire récent du Bassin Taoudenni
(Mali). 183-209.

Gayet M. 1991. Holostean and Teleostean fishes from
Bolivia. In: Suarez-Soruco R, ed. Fosiles y Facies de Bolivia,
1. Cochabamba: Revista Técnica de YPFB, 12 (3-4), 453—
494.

Gayet M, Meunier FdJ. 1998. Maastrichtian to Early Late
Paleocene Freshwater Osteichthyes of Bolivia: additions and
comments. In: Malabarba LR, Reis RE, Vari RP, Lucena ZM,
Lucena CAS, eds. Phylogeny and classification of neotropical
fish, I Fossils and geological evidence. Porto Alegre:
Edipures, 85-110.

Gill TN. 1862. On the limits and arrangement of the family
Scombroids. Proceedings of the Academy of Natural Sciences
of Philadelphia 13: 33-38.

Gill TN. 1872. Arrangement of the Families of Fish, or Classes
Pisces, Marsipobranchii and Leptocardii. Smithsonian Mis-
cellaneous Collections 11 (2).

Gill TN. 1884 (1885). The osteological characteristics of the
Lutjanidae. Proceedings of the United States National
Museum 7: 351-355.

Goldsmith NF, Tchernov E, Ginsburg L, Tassy P, Van
Couvering JA. 1982. Ctenodactylid rodents in the Miocene
Negev fauna of Israel. Nature 296: 645-647.

Gosline WA. 1961. The perciform caudal skeleton. Copeia
1981: 265-270.

Gosline WA. 1966. The limits of the fish family Serranidae,
with notes on other lower percoids. Proceedings of the Cali-
fornia Academy of Sciences, Serie 4 33: 91-112.

Gosline WA. 1968. The suborders of perciform fish. Proceed-
ings of the United States National Museum 124: 1-78.

Greenwood PH. 1951. Fish remains from Miocene deposits of
Rusinga Island and Kavirondo Province, Kenya. Annals and
Magazine of Natural History 12: 1192-1201.

Greenwood PH. 1959. Quaternary fish-fossils. Institut des
Parcs Nationaux du Congo Belge, Exploration du Parc
National Albert. Mission Journal of De Heinzelein de Beau-
court (1950) 4: 1-80.

Greenwood PH. 1972. New fish fossils from the Pliocene of
Wadi Natrum, Egypt. Journal of Zoology 168: 503-519.

Greenwood PH. 1973. Fish fossils from the Late Miocene of
Tunisia. Notes du Service Géologique de Tunisie 37: 41-72.

© 2004 The Linnean Society of London, Zoological Journal of the Linnean Society, 2004, 141, 81-133

20z Iudy Gz uo 1senb AQ GL.Z4Z9Z/L8/L/ L1 L/2I0IE/UBSUUII00Z/WOD dNO"OIWSpEoR)/:SARY WO} POPEOJUMOQ



130 O. OTERO

Greenwood PH. 1974. A review of the Cenozoic freshwater
fish faunas in Africa. Annals of the Geological Survey of
Egypt 4: 211-232.

Greenwood PH. 1976. A review of the family Centropomidae
(Pisces, Perciformes). Bulletin of the British Museum (Natu-
ral History), Zoology 29: 1-81.

Greenwood PH. 1977. A review of the family Centropomidae
(Pisces, Perciformes): an appendix. Bulletin of the British
Museum (Natural History), Zoology 31: 297-301.

Greenwood PH. 1987. Early Miocene fish from eastern Saudi
Arabia. Bulletin of the British Museum of Natural History,
Geology. 41 (4): 451-453.

Greenwood PH, Howes GdJ. 1975. Neogene fossil fish from
the Lake Albert-Lake Edward rift (Zaire). Bulletin of the
British Museum (Natural History), Geology 26: 69-126.

Greenwood PH, Rosen DE, Weitzman SH, Myers GS.
1966. Phyletic studies of teleostean fish, with a provisional
classification of living forms. Bulletin of the American
Museum of Natural History 131: 339-456.

Giinther A. 1859. Catalogue of the fish of the British Museum,
1. Acanthopterygii, 524pp.

Heckel JdJ. 1856. Neue Beitrage zur Kentniss der fossilen
Fische Osterreichs. 2. Denkschr der Kaiserlichen Akademie
der Wissenschaft, Mathematisch-Naturwissenschaftliche
Klasse 11 (1, 5): 187-274.

Hennig W. 1966. Phylogenetic Systematics. Annual Review of
Entomology 1965: 97-116.

Holden MdJ. 1967. The systematics of the genus Lates (Teleo-
stei: Centropomidae) in Lake Albert, East Africa. Journal of
Zoology 151: 329-342.

Johnson GD. 1975. The procurrent spur, an undiscribed per-
ciform caudal character and its phylogenetic implications.
Occasional Papers of the Californian Academy of Sciences
121: 1-23.

Johnson GD. 1980. The limits and relationships of the Lut-
janidae and associated families. Bulletin of the Scripps Insti-
tute of Oceanography 24: 1-114.

Johnson GD. 1983. Niphon spinosus: a Primitive Epi-
nepheline Serranid, with Comments on the Monophyly and
Intrarelationships of the Serranidae. Copeia 1983: 777-787.

Johnson GD. 1984. Percoidei: development and relationships.
In: Moser GH, Richards WdJ, Cohen DM, Fahay MP, Kendall
AW, Richardson SL, eds. Ontogeny and systematics of fish,
special publication no. 1. American Society of Ichthyologists
and Herpetologists, 464—498.

Johnson GD. 1988. Niphon spinosus: a primitive epi-
nepheline serranid: corroborative evidence from the larvae.
Japanese Journal of Ichthyology 35: 7-18.

Johnson GD. 1993. Percomorph phylogeny: progress and
problems. Bulletin of Marine Science 52: 3—28.

Johnson GD, Patterson C. 1993. Percomorph phylogeny: a
survey of Acanthomorphs and a new proposal. Bulletin of
Marine Science 52: 554—626.

Jordan DS. 1923. A classification of fish, including families
and genera, as far as known. Stanford: Stanford University
Publications, 77-243.

Jordan DS, Evermann BW. 1896. The fish of North and Mid-
dle America: a descriptive catalogue of the species of fish-like

vertebrates found in the waters of North America, north of
the isthmus of Panama. Bulletin of the United States
Museum 1986-1990 47: 1-1240.

Jordan DS, Gilbert CH. 1882. Notes on fish observed about
Pensacola, Florida, and Galveston, Texas, with description of
new species. Proceedings of the United States National
Museum 1882: 241-307.

Katayama M. 1959. Studies on the serranid fish of Japan (I).
Bulletin of the Faculty of Education Yamaguchi University 8:
103-180.

Kendall AW Jr. 1984. Serranidae. In: Moser GH, Richards
WJ, Cohen DM, Fahay MP, Kendall AW, Richardson SL, eds.
Ontogeny and systematics of fish, special publication no. 1.
American Society of Ichthyologists and Herpetologists, 499—
510.

Kramberger DK. 1902. Palaeoichthyologische Beitriage. Mit-
teilungen Jahrbuch Kon Ung. Geologie Anst. 14: 1-22.

Linnaeus C. 1758. Systema naturae.

Mabee PM. 1988. Supraneural and predorsal bones in fish:
development and homologies. Copeia 1988: 827-838.

Matsubara K. 1943. Studies on scorpaenoid fish of Japan (1,
2). Transactions Sigenkagaku Kenkyusyo, 1-486.

MecAllister DE. 1968. Evolution of Branchiostegals and asso-
ciated opercular, gular, and hyoid bones, and the classifica-
tion of teleostomes fishes, living and fossil. National
Museum of Canada, Biological Series 77 (221): 1-239.

Mooi RD, Gill AC. 1995. Association of epaxial musculature
with dorsal-fin pterygiophores in acanthomorph fish, and its
phylogenetic significance. Bulletin of the Natural History
Museum, Zoology 61: 121-137.

Murray A, Attia S. 2004. A new species of Lates (Teleostei:
Perciformes) from the Lower Oligocene of Egypt. Journal of
Vertebrate Paleontology in press.

Nelson EM. 1955. The morphology of the swim bladder and
auditory bulla in the Holocentridae. Fieldiana, Zoology 37:
121-130.

Nelson JS. 1976. Fishes of the world, 1st edn. New York: John
Wiley and Sons.

Nelson JS. 1994. Fish of the world, 3rd edn. New York: John
Wiley and Sons.

Otero O, Gayet M. 1996. Anatomy and phylogeny of the Aip-
ichthyoidea nov. of the Cenomanian Tethys and their place in
the Acanthomorpha (Teleostei). Neues Jarhbuch fiir Geologie
und Paldontologie 202: 313—-344.

Otero O, Gayet M. 1999a. Semlikiichthys rhachirhynchus
(Perciformes incertae sedis), genre nouveau et position systé-
matique nouvelle pour Lates rhachirhynchus Greenwood et
Howes (1975) du Plio-Pléistocéne africain. Cybium 23: 13—
27.

Otero O, Gayet M. 1999b. Weilerichthys fajumensis (Percoi-
dei incertae sedis) new name and systematic position for
Lates fajumensis Weiler, 1929, from the Eocene of the Fayum
(Egypt). Neues Jahrbuch fiir Geologie und Paldontologie
1999: 81-94.

Otero O, Gayet M. 2001. Palaeoichthyofaunas from the Lower
Oligocene and Miocene of the Arabian Plate: palaeoecological
and palaeobiogeographical implications. Palaeobiogeogra-
phy, Palaeoclimatology, Palaeoecology 165: 141-169.

© 2004 The Linnean Society of London, Zoological Journal of the Linnean Society, 2004, 141, 81-133

20z Iudy Gz uo 1senb AQ GL.Z4Z9Z/L8/L/ L1 L/2I0IE/UBSUUII00Z/WOD dNO"OIWSpEoR)/:SARY WO} POPEOJUMOQ



ANATOMY, SYSTEMATICS AND PHYLOGENY OF LATID FISHES 131

Otero O, Sorbini L. 1999. Etude systématique et anatomique
du Lates niloticus du Messinien continental de Chiavon,
Italie. Implications sur l’analyse paléobiogéographique de
Pespéce. Miscellanea Paleontologica, Studi e Ricerche sui
Giacimenti Terziari di Bolca, Volume dedicated to Lorenzo
Sorbini 7: 29-42.

Patterson C. 1964. A review of Mesozoic acanthopterygian
fish, with special reference to those of the English Chalk.
Philosophical Transactions of the Royal Society of London, B,
Biological Sciences 247 (379): 213-482.

Patterson C. 1992. Supernumerary median fin-rays in teleo-
stean fish. Zoological Journal of the Linnean Society 106:
147-161.

Patterson C, Johnson GD. 1995. The intermuscular bones
and ligaments of teleostean fish. Smithsonian Contributions
to Zoology 559: 1-85.

Paxton JR, Hoese DF, Allen GR, HanleyJE. 1989. Zoolog-
ical catalogue of Australia, Vol. 7: Pisces, Petromyzontidae to
Carangidae. Canberra: Australian Government Publishing
Service.

Poey F. 1868. Memorias sobre la historia natural de la Isla de
Cuba. Imprenta de la Viuda de Barcina 2: 442pp.

Priem R. 1914. Sur les poissons fossiles et en particulier des
Siluridés du Tertiaire supérieur et des couches récentes
d’Afrique. Mémoires de la Société Géologique Francaise 21:
1-13.

Priem R. 1920. Poissons fossiles du Miocene d’Egypte (Burdi-
galien de Moghara, ‘Désert lybique’). In: Fourtau R, ed.
Contribution a l'étude des Vertébrés miocénes de I’Egypte.
Gouvernement Press, 8-15.

Regan CT. 1909. On the anatomy and classification of the
Scombroid fish. Annals and Magazine of Natural History 87:
66-75.

Regan CT. 1913. The classification of the Percoid fish. Annals
and Magazine of Natural History. Serie 8 12: 11-145.

Regan CT. 1929. The fish of the families Astronesthidae and
Charliodontidae. In: Trawavas E, ed. Oceanographical
reports/ Danish expedition 1920-1922, 22-95.

Richardson J. 1844. Ichthyology. In: Richardson J, Gray JE,
eds. The zoology of the voyage of H. M. S. Erebus and Terror,
under the command of Captain Sir J C Ross during 1839—
1943. London.

Richardson J. 1846. Report on the ichthyology of the seas of
China and Japan. Report of the British Association for Sci-
ence, 15th Meeting 1845: 187-320.

Richardson J. 1856. Of some Fish Asia Minor and Palestine.
Proceedings of the Zoological Society of London 371-377.
Rivas LR, Cook BA. 1968. Relationships of the western
Pacific ‘Percichthyid’ fish, Niphon spinosus, with the fam-
ily Centropomidae. Wasmann Journal of Biology 26: 201—

208.

Roger J, Pickford M, Thomas H, Broin Fde Tassy P, Van
Neer W, Bourdillon de Grissac C, Al-Busaidi S. 1994.
Découverte de Vertébrés fossiles dans le Miocéne de la région
du Hugf au Sultanat d’Oman. Annales de Paléontologie 80:
253-273.

Rognes K. 1973. Head skeleton and jaw mechanism in Labri-
nae (Teleostei: Labridae) from Norwegian waters. Arbok

University Bergen, Matematisk-Naturvitenskapelig Serie 4:
1-149.

Sorbini L. 1970. Un nuevo genero fossile nellittiofauna di M.
Bolca: TEolates nov. gen. Memorie Museo Civico Di Storia
Naturale di Verona 18: 11-19.

Sorbini L. 1973. Evoluzione e distribuzione del genere fossile
TEolates e suoi rapporti con il genere attuale Lates (Pisces.
Centropomidae). In Studi e ricerche sui giaciamenti terziari
di Bolca. Memorie Museo Civico di Storia Naturale di Verona
2: 1-43.

Sorbini L. 1975. Contribution a la révision des Béryciformes
et de quelques Perciformes primitifs de I’'Eocéne inférieur de
Monte Bolca (Italie). These de Doctorat d’Etat es Sciences
Naturelles, Faculté des Sciences de Paris.

Steindachner F. 1909. Bericht iiber einige neue Fischarten
aus dem Tanganyikasee. Anzeiger des Kaiserlichen Akade-
mie der Wissenshaften in Wien, Mathematisch-Naturwissen-
schaftliche Klasse 46: 399—406.

Stewart K. 1994. A Late Miocene fish Fauna from Lothagam,
Kenya. Journal of Vertebrate Paleontology 14 (4): 592-594.

Stiassny MLdJ, Moore JA. 1992. A review of the pelvic girdle
of acanthomorph fish, with comments on hypotheses of acan-
thomorph intrarelationships. Zoological Journal of the Lin-
nean Society 104: 209-242.

Swainson W. 1839. The natural history and classification
of fish, amphibians and reptiles, or monocardian ani-
mals, 2.

Thomas H, Sen S, Khan M, Battail B, Ligabué G. 1982.
The Lower Miocene fauna of As-Sarrar (Eastern province,
Saudi Arabia). ATLAL, Journal of Saudi Arabia Archaeology
5: 109-136.

Toombs HA, Rixon AE. 1950. The use of plastics in the trans-
fer method of preparing fossils. Museum Journal 48: 105—
107.

Van Neer W. 1987. A study on the variability of the skeleton
of Lates niloticus (Linnaeus, 1758) in view of the validity of
Lates maliensis Gayet, 1985. Cybium 11: 411-425.

Van Neer W. 1989. Contribution a 'Ostéométrie de la Perche
du Nile Lates niloticus (Linnaeus, 1758). In: Desse J, Desse-
Peret N, eds. Fiches d’ostéologie animale pour l'archéologie,
Série A Poissons. Centre de Recherche Archéologiques du
CNRS, 411-425.

Van Neer W. 1992. New Late Tertiary fish fossils from the
Sinda Region, eastern Zaire. African Study Monographs 17
(Suppl.): 27-47.

Van Neer W. 1994. Cenozoic fish fossils from the Albertine
Rift Valley in Uganda. Geology and Palaeontology of the
Albertine Rift Valley, Uganda-Zaire, II: Paleobiology. CIFEG
Occasional Publication 1994/29: 89-127.

Van Neer W, Gayet M. 1988. Etude des poissons en prove-
nance des sites holocénes du bassin de Taoudenni-Araouane
(Mali). Bulletin du Muséum National d’Histoire Naturelle, 4e
Série 10 C 4: 343-383.

Vignaud P, Duringer P, Mackaye HT, Likius A, Blondel
C, Boisserie JR, de Bonis L, Eisenmann V, Geraads D,
Guy F, Lehmann T, Lihoreau F, Lopez-Martinez N,
Mourer-Chauviré C, Otero O, Rage JC, Schuster M,
Viriot L, Zazzo A, Brunet M. 2002. Geology and Palaeon-

© 2004 The Linnean Society of London, Zoological Journal of the Linnean Society, 2004, 141, 81-133

20z Iudy Gz uo 1senb AQ GL.Z4Z9Z/L8/L/ L1 L/2I0IE/UBSUUII00Z/WOD dNO"OIWSpEoR)/:SARY WO} POPEOJUMOQ



132 0. OTERO

tology of the Upper Miocene Toros-Menalla fossiliferous
area, Djurab Desert, Northern Chad. Nature 418: 152—-155.

Waldman JR. 1986. Systematics of Morone (Pisces:
Moronidae), with notes on the lower percoids. PhD thesis,
Department of Biology, the City University of New York.

Weber M, Beaufort L, Fde. 1929. The fish of the Indo-
Australian Archipelago. 5. Anacanthini, Allotriognathi, Het-
erosomata, Berycomorphi, Percomorphi; families: Kuhliidae,
Apogonidae, Plesiopidae, Pseudoplesiopidae, Priacanthidae,
Centropomidae. Leiden: E. J. Brill. Ltd.

Weiler W. 1929. Die mittel-und obereozéne Fischfauna
Agyptens mit besonderer Beriicksichttigung der Teleostomi.
Verlag der Bayerischen Akademie der Wissenschaften 1: 1—
57.

White EI. 1934. Fossil fishes of Sokoto Province. Bulletin of the
Geological Survey of Nigeria 1934: 14-23.

Zehren Sd. 1979. The comparative osteology and phylogeny of
the Beryciformes (Pisces: Teleostei). Evolutionary Mono-
graphs 1: 1-389.

APPENDIX

LIST OF THE EXAMINED MATERIAL OF LATIDAE,
CENTROPOMIDAE AND COMPARATIVE SPECIES

Order Beryciformes Regan, 1909

Trachichthyidae Bleeker, 1859 (Gephyroberyx dar-
wini, DS, MG 16; Hoplostetus mediterraneus, DS, MG
31); Berycidae Gill, 1862 (Beryx splendens, MG 24);
Holocentridae Richardson, 1846 (Holocentrus seychel-
lensis, MG 63); Myripristidae Nelson, 1955 (Myripris-
tis murdjans, MG 59).

Order Perciformes Bleeker, 1859. Suborder Percoidei
Bleeker, 1859

incertae  sedis: TSemlikiichthys rhachirhynchus
(Greenwood & Howes, 1975), Rift (Zaire), Pliocene
(MRAC 17.501-17.600); tWeilerichthys fajumensis
(Weiler (1929), Fajum (Egypt), Oligocene (NKM
unnumbered holotype, SI P. 1898-99, P. 1904, P. 1906);
Hapalogenys Richardson, 1844 (Hapalogenys guen-
thert, NHM 28.060 [1895-5-27:20], DS, Mazatlan);
Lateolabrax Bleeker, 1857 (Lateolabrax); Siniperca
Gill, 1862 (Siniperca chuatsi: NHM 28.070 [88-3-23-3],
DS, Kiu Kiang).

Latidae Jordan, 1923. Recent material: °L. niloticus:
NHM 28228 [4], DS (Red Sea); NHM 28228 [1971-2-
8:186], DS (London Zoo); NHM 28228 [84-6-9-21], DS
(Niger); NHM unnumbered, DS; NHM 31170 [1900-6-
28: 291-5], X-rays 294, five individuals (Senegal);
NHM 31170 [1929-1-24], X-rays A311, L. albertianus
type; MG 205, DS; MG 206, DS; MG 207, DS. L. cf.
niloticus: NHM 28228, DS (Lake Kwano, Niger).
°L. longispinis: NHM 28228, DS; NHM 31170 [1932-6-
13: 102-6], X-rays 296, five paratypes (Lake Turkana).

o L. macrophtalmus: NHM unnumbered, DS (Lake
Albert = Mobutu); NHM 31170 [1929-1-24: 340-4], X-
rays A301, 12 individuals (six types). °L. calcarifer:
NHM 28228 [1873-1-21:2], DS (Fitzroy river); NHM
28228 [1985-11-14:1], DS (Darwin Fish Market);
NHM 31170 [1891-11-30: 1-8], X-rays 299, eight indi-
viduals (Sittany river); MG 26, DS. L. angustifrons:
NHM 28228 [1955-12-20: 1722], DS (Lake Tangany-
ika); NHM 31170 [1936-6-15: 1987-97], [1906-9-8: 87-
88], X-rays 293, eight individuals. L. microlepis:
NHM 28228 [1900-12-13:37], DS (Albertville); NHM
31170 [1955-12-20: 1753-85], X-rays 292, 13 individu-
als (Lake Tanganyika); NHM 31170 [1906-9-8: 89], X-
rays 292 (Lake Tanganyika). ®L. mariae: NHM [1936-
6-15:1672-86], DS (Lake Tanganyika); NHM [1955-12-
20:1667], DS, two individuals (Lake Tanganyika);
NHM 31170 [1906-9-6: 7], X-rays 291, two individuals
(Lake Tanganyika); NHM 31170 [1955-12-20: 1928-29,
1936-38, 1955-56, 1972-86], X-rays 290, 16 individu-
als. L. stappersi: NHM 28228 [1975-4-23:1], DS
(Lake Tanganyika); NHM 28228 [1936-6-15: 1705-6],
DS (Lake Tanganyika); NHM 28228 [1955-12-
20:1672], DS (Lake Tanganyika); NHM 31170 [1955-
12-20: 1669-71, 16801, [1936-6-15: 1705-61, [1971-6-23:
76-78], [Tervuren 129887-889], X-rays 289, eight indi-
viduals. eLates sp. NHM unnumbered, hyoid arches
and infraorbital series. ®Psammoperca waigiensis:
NHM 31160 [1872-10-18:90], DS (with 1892-9-2:10-
11); NHM 31160 [1892-9-2:10-11], DS; NHM 31160
[88-11-6-6], DS (Mavras); NHM 31060 A [1892-9-2: 10-
11], B [1870-12-27: 17], C [1888-11-6: 5], D [1872-10-
18: 901, E [1939-1-17: 11], X-rays, six individuals.

Fossil material: *tEolates gracilis (Agassiz, 1883),
Monte Bolca (Italy), Lower Eocene: MCSNV IG 23151-
152 (part and counter-part, ex NS1-2); IG 23153 (ex
NS3 Vr); IG 23176 (ex NS25 Vr); IG 23199-200; IG
135672-673; IG 43388-389; II B 79; T 373; VI N 55-VI
N 56; VI N 57-58; VI N 59; VI N 61-62; VI N 63-64; VI
N 65; VI N 66; S1 (ex S65); S81-S82%; S85; S86; S180;
S183 (2 individuals). NHM unnumbered Young
tEolates; P 1913; P 2095-P 3818a; P 3918b-c; P 9461a-
b; P 16128; P 16377; P 19007 (ex tL. notaeus); P 23798;
P 23802-803; P 36203 (ex L. gibbus); P 37225 (ex
TL. gibbus); P 62112a-b (two individuals). MNHN Bol
0267%; Bol 0223. e{Eolates aquensis (Gaudant, 1977),
Aix-en-Provence (France), Oligocene: NHM P 3912 (ex
tPerca). MNHN 1909-30 (0236) (ex TSmerdis macru-
rus); 4903 (EMP Aix 52); 11253 (loan of the MCSNV).
*Lates (Lates) sp., Ghaba (Sultanate of Oman),
Miocene (loan to the MNHN, site reference in Roger
et al., 1994): Site 1: Gb-P1. Site 3: Gb-P2, Gb-P3. Site
5: Gb-P4, Gb-P5, Gb-P6. Site unknown: Gb-P7, Gb-P8,
Gb-P9, Gb-P10. eLates (Lates) sp., Negev (Israel),
Miocene (loan of the Hebrew University of Jerusalem
(Israel): AH 0305, 1244, 1260, 1270, 1282, 1313, 1340,
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1356, AH 1392, AH 1452, AH 1451, and unnumbered
material. eLates sp. cf. niloticus, As-Sarrar (Saudi
Arabia), Lower Miocene (loan to the MNHN; site ref-
erence in Thomas et al., 1982): Site 6: As-P1. Site 7: As-
P2-9. Site 9: As-P10-P49. Site 16: As-P50. Site 21: As-
P51-P56. Site 23: As-P57. Site unknown: As-P58-P64.
e Lates sp. cf. niloticus, Natronal (Egypt), Pliocene: SI
5728-5748 [see also Greenwood (1972)]. Other poor
material of tLates sp. from the Miocene of Tunisia has
been described by Greenwood (1973) (Greenwood
(1974) reviewed the African fossil localities which have
yielded latid material]. ®fLates niloticus, Monte Cas-
tellaro (Italy), Miocene (Messinian): MCSN T.1088-
1092. efLates bispinosus (Gaudant & Sen, 1979), Alt-
inova (Turkey), Neogene: MNHN 1952-12 (holotype
and only material). ef{Lates karungae Greenwood
(1951), Kenya, Miocene: NHM 24 D [see Greenwood
(1951) for details].

Centropomidae Poey, 1868: Centropomus armatus
(NHM 31.190 [1938-11-18: 7-8], X-rays 317, two indi-
viduals, Ecuador); C. ensiferus (NHM 31.190 [1861-12-
2:13], DS; MG 296, DS; NHM 31.190 [1903-5-15: 3-5],
X-rays 316, three individuals, Panama); C. parallelus
(NHM 31.190 [1865-3-25: 8-9], X-rays 319, two indi-
viduals, Mexico, [1923-7-30: 115], X-rays 319, one indi-
vidual, Rio de Janeiro); C. pectinatus (NHM 31.190
[1920-12-22: 57-58], X-rays 317, two individuals,
Tobago); C. pedimaculata: (NHM 31.190 [1894-12-10-
5], DS, Jamaica; NHM 31.190 [1895-5-27: 3-5], [1903-
5-15: 1], X-rays 315, three individuals, Mazatlan);
C. unidecimalis (NHM 31.190 [1883-12-16:1-2], DS,
Jamaica; NHM 31.190 X-rays 320 [1895-5-27: 2],
Mazatlan, [1936-1-31: 8], Trinidad, [1924-2-29: 16],
Marajo Island).

Other percoids: Percichthyidae Jordan and Evermann,
1896: Percalates colonarum (NHM 27.960 [1890-9-
23:180], DS, Sydney); Percichthys jordanops (NHM
27.950 [1894-9-12:2], DS, Santiago); Percichthys
trucha (NHM 27.950 [1894-9-12:1], DS, Santiago).
Moronidae Fowler, 1907: Morone americana (NHM
27.990 [1850-11-14:168], DS). Acropomatidae Gill,

1891: Acropoma. Ambassidae, Boulenger, 1904:
Ambassis commersonii (NHM 31.200 [55-9-19:359],
DS, India); A. wolffii (NHM 31.200 [1898-4-2-67], DS,
Siam). Serranidae Swainson, 1839: Serraninae: Serra-
nus humeralis (NHM 28.260 [69-11-12:4], DS, Cinchas
Ld.); S.radians (NHM 28.260 [1904-3-15:27], DS,
Margarita); S. unicolor (NHM 28.260 [1904-3-15:12],
DS, St Thomas); Epinephelinae Niphonini: Niphon
spinosus (NHM 27.980 [1890-2-26:26], DS, Yoko-
hama); Epinephelini: Epinephelus aeneus (NHM
28.220 [1907-12-22:81], DS, Menzaleh); E. fasciatus
(NHM 28.220, DS, Chine); E. tauvina: (NHM 28.220,
DS; Java); Grammistini: Grammistes sexlineatus
(NHM 28.470 [71-3-29:5], DS, Salomons Island); Aulo-
cephalus temminckii (NHM 28.190, DS, Siam). Cen-
trarchidae Bleeker, 1859: Eupomotis aureus (NHM
29.070 [1], DS, North America); Centrarchus mac-
ropterus (NHM 29.010 [1895-10-14:27], DS, North
Carolina). Percidae Cuvier, 1817: Percina caprodes
(NHM 29.520 [1907-12-22:81], DS, North America);
Perca fluviatilis (NHM 29.500 [139.a], DS); Lucioperca
vitrea (NHM 29.510 [1876-9-25:13], DS, Lake Erie);
L. volgensis (NHM 29.510 [1879-11-14:2], DS; Astra-
chan); Stizostedion lucioperca (NHM 29.510 [m. 150a],
DS). Priacanthidae Gill, 1872: Priacanthus arenatus
(NHM 29.190, DS, Madeire). Apogonidae Jordan and
Gilbert, 1882: Apogon maximus (NHM 29.500 [1887-
11-11:68], DS, Muscat). Lutjanidae Gill, 1884: Lutja-
nus aya (NHM 31.540, DS, Florida); L. chrysurus
(NHM 31.540 [1852-9-13:108], DS); L. macolor (NHM
31.540 [1858-4-21:217 Y], DS, Amboyna). Glaucosoma-
tidae Jordan, 1923: Glaucosoma burgeri (NHM 31.150
[1864-2-26: 60-A], [1864-2-26: 10-B], X-rays, two
individuals).

Suborder Stromateoidei Regan, 1929 s.1.

Teraponidae Richardson, 1856: Terapon servus (NHM
28.040 [51-12-27:55], DS, China sea); T. trivittatus
(NHM 28.040 [57-10-28:1], DS, Sydney). Kuhliidae
Jordan and Evermann, 1896: Kuhlia malo (NHM
28.890 [1876-3-11:24], DS, Rodriguez); K. taeniura
(NHM 28.890 [1898-10-29:10], DS, Socorro).
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