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ABSTRACT. There has been much controversy concerning the identity of the components of the suspenso-
rium in Siluriformes (catfishes). This confusion has implications not only for comparative morphology, but
also for phylogenetic studies. The identity of the suspensorium components in catfish is reviewed here on the
basis of: 1) dissections of numerous catfishes, including members of the most primitive group
(Diplomystidae), and morphological descriptions in the literature; 2) developmental and paleontological data
available; 3) functional morphology; and 4) comparisons with other member of the Ostariophysi, as well as
with other teleosts. Our observations and comparisons indicate that catfish suspensorium consists of: 1) a
hyomandibula+metapterygoid compound, which corresponds to the hyomandibula plus metapterygoid of other
teleosts; 2) a symplectictquadrate compound, which corresponds to the symplectic+quadrate of other teleosts;
3) an ectopterygoid-+ectopterygoid compound, which corresponds to the entopterygoid plus ectopterygoid of
other teleost. The small bones present in several catfishes between the anterior portions of the pars quadrata,
the palatine, and the ethmoideal region are considered to be sesamoid ossifications.
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INTRODUCTION

The division of the suspensorium into rostral (the pala-
tine alone) and caudal (the other skeletal elements) units
is a major synapomorphy of catfish (FINK & FINK, 1981
ARRATIA & SCHULTZE, 1991; ARRATIA, 1992). This frees
the palatine-maxillary system from the more posterior ele-
ments, thereby allowing ample movements of the maxil-
lary barbels (ALEXANDER, 1965 ; GOSLINE, 1975 ; D10GO &
CHARDON, 2000a; in press). The division is ontogeneti-
cally present from the first appearance of the splanch-
nocranium cartilages (KINDRED, 1919; ARRATIA, 1987;
1990; 1992; Howgs & TEUGELS, 1989; SURLEMONT &
VANDEWALLE, 1990 ; KOBAYAKAWA, 1992 ; VANDEWALLE et
al., 1993; 1995a; 1997 ; ADRIAENS & VERRAES 1998 etc.)
and is probably required functionally by the early respira-
tory pattern of the larva (VANDEWALLE et al., 1985).

The division results in the lack of an anterior support
for the large posterior portion of the suspensorium and the
need for compensatory mechanisms, which are probably
correlated with numerous synapomorphies in the suspen-
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sorium of different catfish lineages. Noteworthy differ-
ences between taxa involve several ligaments and small
bones between the fore end of the pars quadrata, the pala-
tine, and the ethmoideal region (GOSLINE, 1975).

There are usually three large bones (not including the
preopercular) and some small bones in the pars quadrata,
instead of five or six large bones present in that region in
the other teleosts. The determination of the identity of the
components of the pars quadrata of catfish has long been
a matter of controversy. Despite a series of excellent con-
tributions on the topic (see, for example, REGAN, 1911;
STARKS, 1926; FINK & FINK, 1981; HOowEs, 1983; 1985;
ARRATIA, 1987; 1990; 1992; Howes & TEUGELS, 1989),
comparative and developmental arguments have not yet
resulted in a satisfactory consensus as to the identity of
the involved ossifications.

In most papers, including ARRATIA’s 1992 well-docu-
mented review, the three large bones of the pars quadrata
are considered as the hyomandibula, quadrate, and
metapterygoid; with the symplectic considered to be
totally absent; the smaller anterior bones are interpreted
as either the ectopterygoid and/or entopterygoid or as
sesamoid bones. ARRATIA’s (1992) opinions appear, how-
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ever, subtler and adapted to particular cases, as will be
demonstrated in the discussion. However, many authors
have alternative interpretations, of which three are partic-
ularly interesting. HOWES (1983) hypothesises that, in cat-
fish, the hyomandibula of authors corresponds to the
hyomandibula and metapterygoid of other teleosts, and
that the so-called metapterygoid is the result of the fusion
of the ecto- and entopterygoid sensu stricto, with the small
bones being sesamoid ossifications. HOWES (1985) sug-
gests that the hyomandibula is the result of the fusion of
the hyomandibula sensu stricto and the metapterygoid,
with the so-called metapterygoid being the entopterygoid,
and the small bones representing sesamoid ossifications.
Howes & TEUGELS (1989) consider that the metaptery-
goid of authors is homologous to a part of the metaptery-
goid fused with an ecto- and an entopterygoid. The
smaller anterior bones are interpreted as sesamoids and/or
fragments of the dermal pterygoids.

On the basis of 1) careful dissections of numerous cat-
fishes, including the most primitive ones (Diplomystidae:
see EIGENMANN, 1890; REGAN, 1911 ; ALEXANDER, 1965;
CHARDON, 1968; LUNDBERG & BASKIN, 1969 ; GOSLINE,
1975; FINk & FINK, 1981; ARRATIA, 1987; 1992; Mo,
1991; DE PmnNa, 1993; 1998; DioGo & CHARDON,
2000bc; D10Go et al., 2000b; in press; etc.) and the mor-
phological descriptions in the literature, 2) available
developmental and paleontological data, 3) functional
morphology and 4) comparisons with other members of
the Ostariophysi, as well as with other teleosts, we shall
try to propose a comprehensive hypothesis about the
homologies of the skeletal components of catfish suspen-
sorium.

MATERIAL AND METHODS

The examined specimens are from the collection of our
laboratory (LFEM), the “Musée Royal de 1’Afrique
Centrale” of (Tervuren: MRAC), the “Université
Nationale du Bénin” (Kotonou: UNB), the “Muséum
National D’Histoire Naturelle” (Paris: MNHN) and the
National Museum of Natural History (Washington:
USNM). Anatomical descriptions are made after dissec-
tion of fresh, alcohol-fixed or trypsin-cleared and
alizarine-stained (following TAYLOR & VAN DYKE’s 1985
method) specimens Dissections and morphological draw-
ings were made using a Wild M5 dissecting microscope
equipped with a camera lucida. The cleared and stained
(cts), fresh (fre) or alcohol-fixed (alc) condition of the
studied fishes in the list below, is given in parentheses fol-
lowing the number of specimens dissected.

The following specimens were dissected:

Amphilius brevis Boulenger, 1902 (Amphiliidae): MRAC 89-
043-P-403, 3 (alc); MRAC 89-043-P-2333, 1 (c+s). Amphilius
Jjacksonii Boulenger, 1912 (Amphiliidae): LFEM, 2 (alc).
Andersonia leptura Boulenger, 1900 (Doumeidae): MNHN
1961-0600, 1 (alc); Arius herzbergii (Bloch, 1794) (Ariidae):
LFEM, 1 (fre). Arius heudelotii Valenciennes, 1840 (Ariidae):

MRAC P.56259, 1 (alc); MRAC P.56260, 1 (alc); MRAC
P.56261, 1 (alc); Arius latiscutatus Giinther, 1864 (Ariidae):
MRAC 90-057-P-995, 1 (alc). Auchenoglanis biscutatus
(Geoffroy St. Hilaire, 1809) (Claroteidae): MRAC 73-015-P-
999, 2 (alc). Bagre marinus (Mitchill, 1815) (Ariidae): LFEM,
1 (alc); LFEM, 1 (c+s). Bagrus bayad (Pfaff, 1933) (Bagridae):
LFEM, 1 (alc); LFEM, 1 (c+s). Bagrus docmac (Forsskal, 1775)
(Bagridae): LFEM, 2 (alc); MRAC 86-07-P-512, 1 (alc);
MRAC 86-07-P-516, 1 (ct+s); UNB, 2 (fre). Belonoglanis tenuis
Boulenger, 1902 (Doumeinae): MRAC P.60494, 1 (alc).
Clariallabes melas Boulenger, 1887 (Clariidae): LFEM, 2 (alc).
Clarias gariepinus (Burchell, 1822) (Clariidae): LFEM, 2 (alc);
LFEM, 2 (cts); MRAC 93-152-P-1356, 1 (alc). Chrysichthys
auratus (Geoffroy St. Hilaire, 1809) (Claroteidac): LFEM, 2
(cts); UNB, 2 (alc); UNV, 3 (fre). Chrysichthys cranchii
(Leach, 1818) (Claroteidae): LFEM, 1 (alc); LFEM, 2 (fre);
LFEM, 1 (cts). Chrysichthys nigrodigitatus (Lacepede, 1803)
(Claroteidae): UNB, 2 (alc); UNB, 3 (fre); UNB, 2 (cts).
Doumea typica Sauvage, 1879 (Doumeidae): MRAC 93-041-P-
1335, 1 (alc); MRAC 93-052-P-152, 1 (alc). Diplomystes
chilensis (Molina, 1782) (Diplomystidae): LFEM, 2 (alc).
Genidens genidens (Valenciennes, 1840) (Ariidae): LFEM, 2
(alc). Hemibagrus wycki (Bleeker, 1858) (Bagridae): LFEM, 1
(alc); LFEM, 1 (ct+s). Heterobranchus longifilis Valenciennes,
1840 (Clariidae): LFEM, 2 (alc). Ictalurus punctatus
(Rafinesque, 1818) (Ictaluridae): LFEM, 5 (alc). Mochokus
niloticus Joannis, 1835 (Mochokidae): MRAC P.119413, 1
(alc); MRAC P.119415, 1 (alc). Mystus gulio (Hamilton, 1822)
(Bagridae): LFEM, 1 (alc). Neosilurus rendahli (Whitley, 1928)
(Plotosidae): USNM 173554, 2 (alc). Paramphilius trichomyc-
teroides Pellegrin, 1907 (Amphiliidae): LFEM, 2 (alc).
Paraplotosus albilabris (Valenciennes, 1840) (Plotosidae):
USNM 173554, 2 (alc). Phractura brevicauda Boulenger, 1911
(Doumeidae): MRAC 90-057-P-5145, 2 (alc); MRAC 92-125-
P-386, 1 (cts). Phractura intermedia Boulenger, 1911
(Doumeidae): MRAC 73-016-P-5888, 1 (alc). Pimelodus clar-
ias Geoffroy St. Hilaire, 1809 (Pimelodidae): LFEM, 2 (alc),
LFEM, 3 (fre); LFEM, 2 (c+s). Plotosus lineatus Valenciennes,
1840 (Plotosidae): USNM 200226), 2 (alc). Pseudomystus
bicolor (Fowler, 1934) (Bagridae): LFEM, 1 (alc), LFEM, 1
(cts). Schilbe intermedius Riippell, 1832 (Shilbeidac): MRAC
P.58661, 1 (alc). Silurus glanis Linnaeus, 1758 (Siluridae):
LFEM, 2 (alc).

LIST OF ABBREVIATIONS

“ADPT” “additional pterygoid”
ATLP additional tooth-plate
AF- articulatory facet
AF-1 f. a. neurocranium-autopalatinum
C- cartilago ...
C-APAL-A c. autopalatinus anterior
C-APAL-P c. autopalatinus posterior
ECT-TE ectopterygoid teeth
ISUT imcomplete suture
L- ligamentum ...
L-ANG-“Q” 1. angulo- “quadratum”
L- “ECT”-APAL l.“ectopterygoideum”-autopalat-
inum
L-ENT-VM 1. entopterygoideo-vomerale
L-“ENT”-APAL 1.“entopterygoideum”-autopalat-

inum
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L-“ENT”-LETH

L-“ENT”-VM
L-“ENT”-PRMX-VM

L-“MP”-APAL
L-“MP”-“ENT”

L-“MP”-MX
L-“MP”-OSPH-LETH

L-“MP”-PRMX-LETH
L-“MP”-PRMX-VM

L-“MP”-VM
L-PRMX-MX
L-“Q"-“MP”
L-“Q”-PRMX
M-
M-AD-AP
M-EX-T
M-RE-T
MND
“MP”-TE
MX-B
O-
O-APAL
O-ECT
O-"ECT”
O-ENT
O-"ENT”
0-HM
0-"HM”
0-10P
O-LETH
O-METH
O-MP
0-"MP”
0-MX
0-OP
0-OSPH
O-PARA
0-POP
O-PRMX
O-PROT
O-PSPH
O-PT
0-Q
0-“Q”
0-SPH
0-SPOP
0-VM
0-SY
T-M-EX-T

VM-TLP

1. “entopterygoideo”-lateroeth-
moideum

1. “entopterygoideo”-vomerale

1. “entopterygoideo”-praemaxillo-
vomerale
1.“metapterygoideo”’-autapalatinum
l.“metapterygoideo”-“entoptery-
goideum”
1.“metapterygoideo”-maxillare
l.“metapterygoideo”-orbito-lat-
eroethmoideum
1.“metapterygoideo”-praemaxillo-
lateroethmoideum
1.“metapterygoideo”-praemaxillo-
vomerale
1.“metapterygoideo”-vomerale

1. praemaxillo-maxillare

1. “quadrato”-“metapterygoideum”
1. “quadrato”-pracomaxillare
musculus ...

m. adductor arcus palatini

m. extensor tentaculi

m. retractor tentaculi

mandible

“metapterygoid” teeth

maxillary barbel

s ...

. autopalatinum

. ectopterygoideum

. “ectopterygoideum”

. entopterygoideum

. “entopterygoideum”

. hyomandibulare

. “hyomandibulare”

. interoperculare

. latero-ethmoideum

. mesethmoideum

. metapterygoideum

. “metapterygoideum”

. maxillare

. operculare

. orbitosphenoideum

. parasphenoideum

. praeoperculare

. praemaxillare

. prooticum

. pterosphenoideum

. pteroticum

. quadratum

. “quadratum”

. sphenoticum

. suprapraeoperculare

. vomerale

. symplecticum

tendon of the musculus extensor ten-
taculi

vomerine tooth-plate
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RESULTS

We herein describe the suspensorium of representatives
of eight catfish families. Recent studies (HE, 1998; HE et

al., 1999; DioGo & CHARDON, in preparation), have
shown that the “Amphiliidae” as previously delimited are
non monophyletic, and that, thus, the subfamilies
“Doumeinae” and “Amphiliidae” should be raised to the
family level; therefore, the Amphiliidae and Doumeidae
of the present study correspond, respectively, to the for-
mer “Ampbhiliinae” and “Doumeinae”). Significant differ-
ences between the configuration of the suspensorium of
these species and that of other species of the same fami-
lies are noted.

In the descriptions, we follow the most commonly
accepted nomenclature (see, REGAN, 1911; DaviD, 1936;
HARRY, 1953 ; NAWAR, 1955; TiLAK, 1961 ; 1963ab; 1964,
1965; ALEXANDER, 1965; JAYARAM, 1966; 1968; 1971;
GOSLINE, 1975; FINK & FINK, 1981 ; 1996; GAUBA, 1969,
SKELTON, 1981; SKELTON et al., 1984 ; SCHAEFER, 1987;
1990; KOBAYAKAMA, 1989; 1992 ; Mo, 1991; DE PINNA,
1993; 1996; 1998; DE Vos, 1995; VANDEWALLE et al.,
1997; HE, 1998; REIs, 1998; HE et al.,, 1999; NG &
KOTTELAT, 1999; etc.). The visual information presented
in the figures has preponderance over the text, which will
thus be brief.

Diplomystes chilensis Molina, 1782
(Diplomystidae)

Diplomystids are the catfishes richest in archaic char-
acters and thus are considered to be the sister group of all
the other siluriforms (EIGENMANN, 1890; REGAN 1911;
ALEXANDER 1965 ; CHARDON 1968 ; LUNDBERG & BASKIN
1969 ; GOSLINE 1975 ; FINK & FINK 1981; 1996 ; ARRATIA,
1987; 1992; Mo 1991; DE PINNA, 1993; 1996; etc.). In
Diplomystes chilensis (Figs 1, 2), the articulation between
the suspensorium and the neurocranium is particularly
elongated anteroposteriorly on the prootic, pterotic, sphe-
notic, and pterosphenoid (Fig. 1). The “quadrate” is trian-
gular, being linked with the “hyomandibula” and the
“metapterygoid” by cartilage (Fig. 1). Two ligaments
originate from the forked anterior end of the “metaptery-
goid”, and attach respectively to the vomer (Fig. 2A) and
to the palatine (Fig. 2B). Only on the right side of the dis-
sected specimens is there an “entopterygoid”, which is
imbedded in the ligament that attaches to the vomer
(Fig. 2B). In both sides of these specimens the ligament
that attaches to the palatine has some fibers in common
with the other ligament and with a tendon of the extensor
tentaculi muscle, and contains the “ectopterygoid” bone
and an “additional pterygoid” (Fig. 2B).

There are some slight discrepancies between our obser-
vations and the literature. ALEXANDER (1965: fig. 4A)
does not mention the ligament between the “metaptery-
goid” and the palatine, nor the two “pterygoids”
(“ectopterygoid” and “additional pterygoid”) embedded
in it. FINK AND FINK (1981: fig. 11) omit the same liga-
ment and describe only two small bones anteriorly to the
metapterygoid. ARRATIA’s (1987 : fig. 6B) descriptions are
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C-APAL-P 0O-VM O-MX

Fig. 1. — Lateral view of the skull of Diplomystes chilensis.
Infraorbital series and mandibular teeth were removed.
Ligaments are not represented.

much closer to our observations, since, although she does
not figure the ligament between the “metapterygoid” and
the palatine, she does mention in the text an “additional
pterygoid” linked with the palatine by a short ligament.

Chrysichthys nigrodigitatus Lacépéde, 1803
(Claroteidae)

The “hyomandibula” articulates with the pterotic and
sphenotic (Fig. 3). The “quadrate” is associated with the
“hyomandibula” and “metapterygoid” by cartilage and
bony sutures (Fig. 3). The “metapterygoid” is strongly
bifurcated anteriorly (Fig. 4A). Its anterolateral portion
bears teeth ventrally and is linked to the vomer and to the
premaxilla by a thick ligament in which a small toothed
plate is imbedded (Fig. 4A). This is also the case in
Chrysichthys cranchii, but not in Chrysichthys auratus,

O-"ENT"

O-PT PH

O-"HM" O- O-PSPH  0-OSPH

L-"MP"-"ENT"

0-0P 0-POP o-10P o-"Q" O-"MP" 0O-APAL 2 mm

Fig. 3. — Lateral view of the skull of Chrysichthys nigrodigitatus.
Primordial ligament, palatine cartilage and ligament between the
“metapterygoid”, vomer and premaxillary were removed.

L-"MP"-APAL: 0-"ECT"

O-"MP™

L-"MP"-VM
O0-"ENT"

(a)

2 mm
0-"MP~ 0-"ECT"
“"ADPT"
—T-M-EX-T
L-"MP"-APAL .
M-EX-T-
(b) 2 mm

Fig. 2. — Ventral view of the anterior region of the suspensorium
of Diplomystes chilensis. (A) Vomerine and premaxillary teeth
were removed. (B) “Entopterygoid” and ligament between the
“metapterygoid” and the vomer were removed.

0-PRMX
O-METH
C-APAL-A
0-APAL: 0-vM
ATLP. VM-TLP
L-"MP"-PRMX-VM L-"ENT"-VM
O-"ENT"
MP"-TE L"MP""ENT"
O-"MP" M-EX-T
o-Q"—7 4 M-AD-AP
(a) 2mm
O-METH
L-ENT-VM
O-ENT

0-vm

(b) .

Fig. 4. — Ventral view of the anterior region of the suspensorium of:
(A) Chrysichthys nigrodigitatus. Premaxillary teeth were removed.
(B) Hoplias species (modified from ROBERTS, 1969: the nomencla-
ture used here follows that used in the original illustration).
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which lacks “metapterygoid” teeth, or in Auchenoglanis
biscutatus, in which both these teeth and the small toothed
plate are absent. The “entopterygoid” is associated, by
means of two ligaments, with the anteromedial part of the

“metapterygoid” and the vomer (Figs 4A, 5A). The
“ectopterygoid” is firmly attached to the “entopterygoid”
and is associated with the palatine by a short, thin liga-
ment (Fig. 5A).

O-VM L-"ENT"-VM

(a) 1 mm

(b) 1 mm

Fig. 5. — Ventral view of the palatine-maxillary system of Chrysichthys
cranchii. The premaxillary was cut off to show the movements associated
with this system. Vomerine and premaxillary teeth, as well as the ligament
between the “metapterygoid”, vomer and premaxillary were removed. (A)

The maxillary is adducted. (B) The maxillary is abducted.

Neosilurus rendahli Valenciennes, 1840
(Plotosidae)

The “hyomandibula” articulates with both the pterotic
and sphenotic (Fig. 6). In the two specimens of Neosilurus
rendahli dissected, but not in the other plotosid species
studied, there is a prominent incomplete suture in the
anterodorsal margin of the “hyomandibula” (Fig. 6). The
“quadrate” is associated with the “hyomandibula” by car-
tilage and to the “metapterygoid” by cartilage and a bony
suture (Fig. 6). Anteroventrally, the “quadrate” is associ-

~__ O-PT

O-SPH
O-"HM"

0-OSPH

i N O-LETH
ST L-"MP"-OSPH-LETH
' 0-PRMX

0-MX
0-APAL
O-"ENT"
0-POP 0-10P o-"q" el
0-oP ISUT L-AN-"Q" 0-"MP"

Fig. 6. — Lateral view of the skull of Neosilurus rendahli.
Primordial ligament and infraorbital series were removed.

ated with the posterior margin of the lower jaw by means
of a large, strong ligament (Fig. 6). The antero-mesial
edge of the “metapterygoid” is firmly attached to both the
antero-lateral surface of the orbitosphenoid and the pos-
tero-lateral surface of the lateral ethmoid by means of a
very short, strong ligament (Fig. 6). Anterolaterally, the
“metapterygoid” is also strongly connected, by means of
a very short ligament, with the large “entopterygoid”
(Fig. 6). However, the roughly dentate aspect of both the
anterior and the posterior surfaces of, respectively, the
“metapterygoid” and the “entopterygoid”, associated to
the very small gap existing between these bones, makes
the ligamentous connection between them seem rather as
a bony suture. The “ectopterygoid” is absent. The anterior
margin of the “entopterygoid” is firmly attached by mas-
sive ligamentous tissue to the postero-lateral surface of
the vomer.

Bagrus docmak Forsskall, 1775
(Bagridae)

The “hyomandibula” articulates with both the sphe-
notic and pterotic and is linked to the “quadrate” by a car-
tilaginous band. The “metapterygoid” lies anterodorsally
to the “quadrate” and is joined to it by cartilage and a
short bony suture. The “entopterygoid” is attached by lig-
aments to the anteromedial part of the “metapterygoid”
and to the lateral ethmoid (Fig. 7). The “ectopterygoid” is
firmly attached medially to the “entopterygoid” and later-
ally, by a short ligament, to the palatine (Fig. 7). A long,
thin ligament joins the anterolateral end of the
“metapterygoid” to the maxilla (Fig. 7). In addition, there
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is a long, strong ligament between the upper surface of the
“metapterygoid” and the posterior margin of the palatine.

O-PRMX

C-APAL-A
VM.TLP
0-MX: ' L-"MP"-MX
0-APAL
O-LETH
Ll L "ENT-LETH
e O0-"ENT"
- L~MP~-"ENT"

Fig. 7. — Ventral view of the palatine-maxillary system of Bagrus
docmak. The vomerine tooth-plate was cut off to show the
movements associated with this system. Vomerine and premax-
illary teeth were removed. (A) The maxillary is adducted.
(B) The maxillary is abducted.

Clarias gariepinus Burchell, 1822
(Clariidae)

The “hyomandibula” articulates with the pterotic and
sphenotic. The very broad “quadrate” is attached to the
“hyomandibula” by bony sutures and to the “metaptery-
goid” by bony sutures and a small, ventral cartilage band
(Fig. 8). The large “entopterygoid” is linked to other
bones by five ligaments (Fig. 9): 1) its posterior portion to
the anteromesial edge of the “metapterygoid” by a very

o-"Q~

L-"MP"-"ENT"

-O-"ENT"
0-"MP~

Fig. 8. — Medial view of the suspensorium (palatine not
included) of Clarias gariepinus.

O-PRMX

L-PRMX-MX

L-"ENT"-PRMX-VM
VM-TLP
L-"ENT"-VM
O-LETH M-RE-T
L-"ENT"-APAL

0-OSPH

O-"MP™
O-"ENT™
L-"MP"-"ENT™

M-AD-AP
5 mm
L-"ENT"-LETH

Fig. 9. — Ventral view of the anterior region of the suspensorium
of Clarias gariepinus. Vomerine and premaxillary teeth are not
represented.

short, strong ligament; 2) its anterior part to the vomer by
a thick ligament; 3) its antero-dorsal border to the lateral
ethmoid by a short ligament; 4) its posterodorsal extrem-
ity to the palatine by a thin ligament; and 5) its anterolat-
eral edge to the vomer and the premaxilla by a long,
massive ligament. The “entopterygoid” of Clariallabes
melas is much smaller than that of Clarias gariepinus,
and is firmly associated with the anterolateral, and not
with the anteromesial (see above) edge of the “metaptery-
goid”.

Amphilius brevis Boulenger, 1902
(Amphiliidae)

In this species the articulation between the suspenso-
rium and both the sphenotic and pterotic is particularly
elongate (Fig. 10). The “quadrate” is associated to the
“hyomandibula” and to the “metapterygoid” by bony
sutures and cartilage (Fig. 10). The “metapterygoid” is
deeply forked anteriorly (Fig. 10). This is also the case in
Amphilius jacksosii, but not in Paramphilius trichomyc-
teroides, in which the “metapterygoid” is a broad, rectan-
gular bone without an anterior bifurcation. The
anterolateral margin of the “metapterygoid” is attached by
a long, thick ligament to both the lateral ethmoid and the
premaxilla (Fig. 10). Its anteromedial portion is firmly
linked to the “entopterygoid” by a very short, strong liga-
ment (Fig. 10), and to the “entopterygoid” and the lateral
ethmoid by massive ligamentous tissue.

L-"MP"-"ENT" O-APAL

O-PT 0-POP O-"HM" O-SPH
0-"MP'

L-"MP"-PRMX-LETH dmm,

0-0oP o-loP o-"Q" MND
Fig. 10. — Lateral view of the skull of Amphilius brevis.
Infraorbital series was removed. Only the ligaments associated

with the suspensorium are represented.

Arius heudelotii Valenciennes, 1840
(Ariidae)

The “hyomandibula” articulates with the pterotic and
sphenotic. It bears a prominent, thick lateral crest to
which a medial section of the adductor mandibulae mus-
cle attaches. The “quadrate” is associated with the
“hyomandibula” by cartilage and to the “metapterygoid”
by bony sutures. The “metapterygoid” is somewhat bifur-
cate anteriorly (Fig. 11). The “entopterygoid” is a small,
triangular bone, which is joined, by means of two long,
thick ligaments, with the anterolateral margin of the
“metapterygoid” and the anteroventral margin of the
vomer (Fig. 11). The main part of the ligament between
the “entopterygoid” and the vomer is located dorsal to the
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well-developed vomerine tooth-plate (Fig. 11). The small,
boomerang-shaped “ectopterygoid” is firmly articulated
with the “entopterygoid” medially (Fig. 11). Laterally,
this little bone is strongly connected by means of connec-
tive tissue to the posterior edge of the palatine (Fig. 11).
The configuration of the “entopterygoid” of Genidens
genidens is quite different from that of the “entoptery-
goid” of Arius heudelotii, and of the other ariid species
studied, being a long, thin bone significantly larger than
the “ectopterygoid”.

L-"ENT"-VM

L-PRMX-MX

O-APAL

O-"ECT"

O-"MP"

L-"MP"-"ENT"

Fig. 11. — Ventral view of the anterior region of the suspenso-
rium of Arius heudelotii. In the right side, the vomerine tooth-
plate was removed.

Phractura brevicauda Boulenger, 1911
(Doumeidae)

The “hyomandibula” articulates with the sphenotic and
pterotic (Fig. 12). The “quadrate” has a large number of
pores (true holes). It is connected to the “hyomandibula”
by a long cartilaginous strip (Figs 12, 13), to the premax-
illary by a long, thick ligament and to the “metapterygoid”
by massive connective tissue bands (Fig. 13). The
“entopterygoid” is firmly attached to the “metapterygoid”
and to the vomer by short, strong ligaments (Fig. 13). The
“metapterygoid” is small, being much smaller than the
“entopterygoid” (Figs 12, 13). However, it is more devel-

O-PT O-SPOP O-"ENT"
i o]

O-LETH

0-0P O-POP O-"HM" O-"MP" MND «2mm

Fig. 12. — Lateral view of the skull of Phractura brevicauda.
Infraorbital series was removed. Ligaments are not represented.
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Fig. 13. — Ventral view of the anterior region of the suspenso-
rium (palatine not included) of Phractura brevicauda.
Premaxillary teeth are not represented.

oped than that of the specimen of Andersonia leptura dis-
sected, in which the “metapterygoid” is a very small, oval
bone.

DISCUSSION

In order to ascertain the true homologies of the ossifi-
cations of the suspensorium in catfish we compared the
studied catfishes with other Siluriformes, other ostario-
physans and even other teleosts. The comparison between
catfishes and gymnotiforms, in particular, has proved very
interesting. The gymnotiforms are considered to be the
closest relatives of the siluriforms (FINK & FINk 1981 ;
1996; ARRATIA, 1992). The components of the suspenso-
rium in gymnotiforms are easily homologised with those
of other teleosts (CHARDON & DE LA Hoz, 1973; 1974;
1977; DE LA Hoz; 1974; MAGO-LEccIA, 1978 ; FINK &
Fink, 1981; DE LA Hoz & CHARDON, 1984 ; ARRATIA &
SCHULTZE, 1991; ARRATIA, 1992), with the exception of
the so-called “entopterygoid”, which may represent the
entopterygoid or the ectopterygoid or both (DE LA Hoz,
1974) (see below).

The suspensorium of one of the most archaic gymnoti-
forms, Sternopygus macrurus (Bloch & Schneider, 1801)
(CHARDON & DE LA Hoz, 1974; 1977; DE LA Hoz, 1974 ;
MAGO-LEccCIA, 1978 ; FINK & FINK, 1981; DE LA Hoz &
CHARDON, 1984 ; but see GAYET et al., 1994; ALBERT &
FINk, 1996 ; ALBERT & CAaMPOS DA Paz, 1998, for a dif-
ferent view), and the South-American trichomycterid cat-
fish Trichomycterus areolatum (Valenciennes, 1846) are
very similar (Fig. 14), with: 1) a cartilaginous band
(A) between two bones; 2) an inverted Y-shaped forma-
tion (B) in the middle of the suspensorium; and 3) only
one bone (C) situated anterodorsal to this formation and
extending up to half the length of the palatine.

Three differences are, however, noteworthy :

1) The A cartilage of Sternopygus (Fig. 14A) is prolonged
by a clear separation (D) between two bones
(hyomandibula and metapterygoid) (DE LA Hoz &
CHARDON, 1984). In Trichomycterus, there is only a
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partial suture between the bones at the same level (see,
for example, Fig. 15C), and this is only observed in
some species (as, e.g., Trichomycterus roigi Arratia &
MenuMarque, 1984: see fig. 15C and ARRATIA &
MENUMARQUE, 1984) of this genus (ARRATIA & CHANG
1975; ARRATIA et al., 1978 ; ARRATIA & MENUMARQUE,
1981; 1984; ARRATIA, 1987; 1990; 1992). Complete
sutures were however described at the same location in
malapterurids (Fig. 15D) (Howgs, 1985) and some
diplomystids (see, for example, Fig. 15A, B) (ARRATIA,
1987).

2) In Sternopygus, the suspensorium is linked to the neu-
rocranium by an ossified ligament (E), which termi-
nates dorsally in very short fibres (Fig. 14A) (DE La
Hoz & CHARDON, 1984), while Trichomycterus (Fig.
14B), like many other catfishes (Mo, 1991; ARRATIA,
1992), has these bones joined by a non-ossified liga-
ment (ARRATIA, 1990). However, these ligaments seem
to be homologous (see DE La Hoz, 1974), and the
almost total ossification of the ligament in some gym-
notiforms is an unusual situation in this group
(CHARDON & DE LA Hoz, 1974; DE LA Hoz, 1974).

3) Sternopygus, like all Gymnotiformes (CHARDON & DE
LA Hoz, 1974; 1977; DE LA Hoz, 1974; MAGo-
Leccia, 1978; FINk & FINk, 1981; DE LA Hoz &
CHARDON, 1984), has a symplectic completely separate
from the quadrate (F) (Fig. 14A). In Trichomycterus
(Fig. 14B), a single ossification occupies the position of
these two bones, without any visible separation at the
level F. This separation is also lacking in all other cat-

fishes (see, for example, Figs 1, 3, 6, 10, 16) except,
perhaps (see below), Malapterurus (Fig. 15D) (HOWES,
1985).

The above comparison strongly suggests the following
homologies for the hitherto discussed skeletal parts of the
suspensorium of catfish: /I] their “hyomandibula”
(Fig. 14B) represents the hyomandibula+metapterygoid
of other teleosts (Fig. 14A); [2] their “quadrate”
(Fig. 14B) represents the quadrate+symplectic of the
other teleosts (Fig. 14A); /3] their “metapterygoid”
(Fig. 14B) corresponds to the “entopterygoid” of gymno-
tiforms (Fig. 14A). However, as mentioned before, the
identity of the “entopterygoid” of the gymnotiforms is
somewhat uncertain. In fact, REGAN (1911) called this
bone the “mesopterygoid” (= entopterygoid”) without
providing evidence to support its homology with the
entopterygoid of other teleosts. This nomenclature was
followed by other authors (CHARDON & DE LA Hoz, 1973 ;
1974; 1977; DE LA Hoz, 1974; MAGO-LEccIA, 1978;
Fink & FiNk, 1981; ARRATIA & SCHULTZE, 1991;
ARRATIA, 1992 ; DE LA Hoz & CHARDON, 1984; etc.), but
some of them (e.g. CHARDON & DE LA Hoz 1973; DE La
Hoz, 1974) pointed out that this bone has features typical
of the entopterygoid (e.g. ligamentous connection with
the neurocranium; relation with the adductor arcus pala-
tini), ectopterygoid (e.g. antero-dorsal relation with the
palatine) and entopterygoid+ectopterygoid (spatial posi-
tion) of other ostariophysine fishes. We are unable, at the
present, to determine the identity of the “entopterygoid”
in the Gymnotiformes. However, our own observations,
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A . . . .
Fig. 15. — Suspensorium of: (A) Diplomystes camposensis,
0-POP

young specimen of about 28mm standard length (Modified from
(b) ARRATIA, 1987), lateral view. (B) Diplomystes camposensis,

Fig. 14. — Lateral view of the suspensorium of: (A) Sternopygus
macrurus (modified from DE LA Hoz & CHARDON, 1984).
(B) Trichomycterus areolatum (modified from ARRATIA, 1990).
The nomenclature used here follows that used in the original
illustrations.

large specimen (modified from ARRATIA, 1987), lateral view.
(C) Trichomycterus roigi (modified from ARRATIA &
MENUMARQUE, 1984), dorsal view. (D) Malapterurus electricus
(modified from Howes 1985), lateral view (the palatine is not
represented). The nomenclature used here follows that used in
the original illustrations.
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together with the anatomical, paleontological and devel-
opmental data available in the literature on siluriforms
and other groups of fishes, indicate that the “metaptery-
goid” of the catfish corresponds, very likely, to the
entopterygoid+ectopterygoid of other teleosts, and that
the small anterior bones present in most catfish (see, for
example, Figs 2, 4A, 5, 7) are, in fact, sesamoid ossifica-
tions (see below). Further arguments are now presented in
favour of this hypothesis.

Hyomandibula and metapterygoid

(1) The metapterygoid of teleosts results from the ossifi-
cation of the posterodorsal part of the palatoquadrate, thus
dorsally and somewhat posteriorly relative to the quadrate
(see, for example, STARKS, 1926; DE BEER, 1937;
BERTMAR, 1959; DAGET, 1964; HUNT VON HERBING et al.,
1996; VERRAES, 1977). It remains in the same position in
almost all adults (see, for example, STARKS, 1926;
GREGORY, 1933 ; DE BEER, 1937 ; WEITZMAN, 1962 ; DAGET,
1964; Ossg, 1969; ROBERTS, 1969; DE LA Hoz, 1974,
TAVERNE, 1974 ; VANDEWALLE, 1975; GIJSEN & CHARDON,
1976; MAGo-LEccia, 1978; DE LA Hoz & ALDUNATE,
1994), with the exception of very few cases, such as some
specialised clupeids such as Engraulis encrasicholus
(Linnaeus, 1758) (RiDEwooD, 1904: fig. 135A). In the
course of postembryonic development the palatoquadrate
fuses and associates with the hyosymplectic, so that the
ossifying metapterygoid contacts the future hyomandibula
from which it remains separated by a cartilaginous strip, a
suture, or a combination of both (DAGET, 1964). So, given
the position of the metapterygoid in these related groups
and primitive teleosts, the true metapterygoid of catfish
seems to correspond to the anterior part of the so-called
“hyomandibula”. The fusion between these two bones may
be a consequence of the fact that in catfish the pars quadrata
and the hyosymplectic are fused (see, for example,
KINDRED, 1919; ARRATIA, 1987; 1990; 1992; Howes &
TEUGELS, 1989; SURLEMONT & VANDEWALLE, 1990;
KoBAYAKAWA, 1992; VANDEWALLE et al., 1993; 1995a;
1997; ADRIAENS & VERRAES, 1998; etc.) from the first
appearance of the chondrocranium cartilages.

The fact that this true metapterygoid is united by carti-
lage to the true entopterygoid-+ectopterygoid (see below)
could lead to the erroneous interpretation that both bones
are enchondral and, thus, that the entopterygoid+
ectopterygoid cannot be a dermal compound, as hypothe-
sised above. In fact the cartilage is, probably, the remnant
of the pterygoid process of the pars quadrata. Such a car-
tilage remains present in some adult ostariophysan fishes,
such as, for example, Chanos chanos (Forsskal, 1775)
(Gonorynchiformes), Opsariichthys uncirostris Tem-
minck & Schlegel, 1846 (Cypriniformes), Xenocharax
spilurus Gunther, 1867 (Characiformes) and Sternopygus
macrurus (Gymnotiformes) (see, for example, FINK &
Fink, 1981) as well as in some other adult teleosts (see,
for example, DAGET, 1964).

(2) In some juvenile Diplomystes camposensis Arratia,
1987 (ARRATIA, 1987) a broad, completely independent
bone, which lies in the same position and presents the
same configuration as the metapterygoid of other teleosts
(see above), is present between the “hyomandibula”,
“metapterygoid” and “quadrate” (Fig. 15A: compare, for
example, with Fig. 14A). ArRrATIA (1987) stated that “it
does not seem to result from fracture of one of the above
(“hyomandibula”, “metapterygoid” and “quadrate”) men-
tioned bones”. In adult specimens, this bone may be com-
pletely independent (ARRATIA, 1987: fig. 25C), but may
be partially fused with the “hyomandibula” as well
(ARRATIA, 1987). In this last case, only a partial suture is
present between these two bones (Fig. 15B). Similar
sutures also occur in some trichomycterids (see, for exam-
ple, Fig. 15C) (ARRATIA & CHANG, 1975; ARRATIA et al.,
1978 ; ARRATIA & MENUMARQUE, 1981; 1984 ; ARRATIA,
1987; 1990; 1992), plotosids (see, for example, Fig. 6),
and malapterurids (see, for example, Fig. 15D) (HOWES,
1985). The fact that these partial or complete sutures
appear in a position very similar to those between the
hyomandibula and the metapterygoid of other teleosts
(Fig. 15: compare with Fig. 14A) strongly supports the
hypothesis that the so-called “hyomandibula” of catfish
corresponds, in fact, to the hyomandibula plus metaptery-
goid of non-siluriform teleosts.

(3) Chrysichthys nigrodigitatus, like some other
claroteids (see, for example, SKELTON et al., 1984 : fig. 15A;
Mo 1991: fig. 54), some pimelodids (see, for example,
ARRATIA, 1992: figs 35B, 36A) and some schilbeids (see,
for example, TiLAk, 1961: figs 7, 8) has a toothed
“metapterygoid” (Fig. 4a). The teleost metapterygoid is
enchondral and, thus, does not bear dermal toothplates
(JOLLIE, 1986). ARRATIA (1992) suggested therefore that
this toothed bone is “the metapterygoid fused with a dermal
toothplate”. As a toothed “metapterygoid” is present in
some species of three not closely related catfish families
(see, for example, Mo, 1991; DE PINNA, 1993), ARRATIA’S
suggestion requires that the “metapterygoid”+dermal
toothplate compound arose at least three times among cat-
fishes, which seems unlikely since the development of such
a compound is quite unusual in teleosts (TAVERNE, 1974).
The explanation for the toothed “metapterygoid” of some
siluriforms seems to be, thus, that this bone is not the true
enchondral metapterygoid, but rather a dermal bone
(toothed ectopterygoids and entopterygoids are widely dis-
tributed in teleosts: see TAVERNE, 1974).

(4) Some authors have also expressed opinions, con-
vergent with our hypothesis:

STARKS (1926), in a study dedicated to the ethmoideal
region of several fishes, suggested that in siluriforms “the
metapterygoid, if represented at all, may be incorporated
with the pterygoid, but may well be incorporated with the
hyomandibula”.

HOEDEMAN (1960), in a work on the development of the
skull of some callichthyids, suggested that in catfish the
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“hyomandibula is ontogenetically fused to the metaptery-
goid” and that the so-called “metapterygoid” is a dermal
bone.

In an extensive work concerning some problems related
to catfish anatomy, Howes (1983: fig. 24) hypothesised
that the so-called “hyomandibula” of siluriforms could be
the hyomandibula plus metapterygoid of other teleosts.

In his extensive work on the anatomy and phylogeny of
catfish, Mo (1991) pointed out that “comparing the
hyomandibula of siluroids with those of non-siluroid
fishes, it is very likely that a large portion of the
metapterygoid has joined to the hyomandibula at its lower
dorso-medial margin in siluroids”.

VANDEWALLE et al. (1993: fig. 2), in an embryological
study concerning the suspensorium of Clarias gariepinus
(Burchell, 1822) interpreted the so-called “metaptery-
goid” (Figs 8, 9) as dermal bone since “its ossification
seems external to and independent of the processus ptery-
goquadrato” (VANDEWALLE et al., 1997). The dermal ori-
gin of the “metapterygoid” of this species was also
suggested by PoLL (1942).

Entopterygoid and ectopterygoid

It was pointed out above that in catfish the so-called
“metapterygoid” is a dermal bone, and that the true
metapterygoid is fused with the hyomandibula. We inter-
pret this dermal bone as the entopterygoid-+ectopterygoid
of other teleosts, since:

(1) As mentioned, for example, by ALEXANDER (1965),
Howes (1983) and ARRATIA (1990; 1992), the
“metapterygoid” in catfish occupies the position of the
ectopterygoid and entopterygoid in other teleosts. In fact,
this similarity is not restricted to the spatial position, but
also extends to both the shape of the bone and its relations
with other cranium components. The “metapterygoid” is
bifurcated anteriorly in most generalised catfishes (see,
for example, Figs 3, 4a, 11, 15a, b, 16b, and also
TAVOLGA, 1962: Plates 9, 17; ALEXANDER, 1965: fig. 6;
Howes, 1983: figs 23, 24; SKELTON et al., 1984: fig. 4,
14; KoBAYAKAWA, 1989 figs 6, 27, 35; Mo, 1991 figs 4,
44,45, 48 ; ARRATIA, 1992 figs 16, 22, 25, 27, 33, 35, 36)
but also in some specialised groups, as, for example, some
amphiliids (Fig. 10) and callichthyids (ALEXANDER, 1965:
fig. 15). This configuration is similar to that of the
entopterygoid+ectopterygoid of some characiforms (see,
for example, ROBERTS, 1969: fig. 18; GIUSEN & CHARDON,
1976: fig. 5; FINK & FINk, 1981 : fig. 10A ; MIQUELARENA
& ARAMBURU, 1983: fig. 6; ARRATIA, 1992: fig. 10A),
cypriniforms (see, for example, VANDEWALLE, 1975 figs
2, 12; TAVERNE & DE Vos, 1997: fig. 6), gonorynchi-
forms (see, for example, ARRATIA, 1992: fig. 4d) and
some “fossil Ostariophysi” — e.g. Lusitanichthys characi-
formis Gayet, 1981 (GAYET, 1985: figs 17, 20) and
Ramallichthys orientalis Gayet, 1982 (GAYET, 1982: fig.
10). Moreover, the anteromedial and the anterolateral

extremities of the “metapterygoid” of catfish have the
same anatomical relations as, respectively, the entoptery-
goid and the ectopterygoid of other teleosts (see, for
example, DAGET, 1964): the anteromedial margin is
linked by a ligament to the neurocranium and the antero-
lateral tip is situated ventral to the posterior end of the
palatine (see, for example, Figs 4A, 10). Therefore, the
anteromedial and anterolateral margins of the “metaptery-
goid” of catfish seem to correspond, respectively, to the
anterior tips of the entopterygoid and ectopterygoid of
other teleosts, and, thus, this bone seem to be, in fact, an
ento-ectopterygoid compound.

(2) Chrysichthys nigrodigitatus, like many other cat-
fishes (EIGENMANN, 1890; STARKS, 1926; TiLAK, 1961;
ALEXANDER, 1965 ; GOSLINE, 1975 ; ARRATIA, 1987; 1992,
etc.) possesses an additional tooth-plate (some catfish
have more than one) between the anterior portion of the
so-called “metapterygoid” and the ethmoideal region
(Fig. 4A). The identity of these tooth plates has been a
subject of controversy. Some authors (JAYARAM 1966;
1968; 1971; SKELTON, 1981; SKELTON et al., 1984;
ARRATIA, 1987; 1992; etc.) suggest that such tooth plates
are associated with the palatine. Others (EIGENMANN,
1890; STARKS, 1926; TiLAK, 1961 ; GOSLINE, 1975 ; FINK
& FINK, 1981) interpret them as structures associated with
the vomer and to the anterolateral margin of the
“metapterygoid”. In C. nigrodigitatus the tooth plate is
embedded in a long ligament between the premaxilla, the
vomer, and the toothed anterolateral tip of the “metaptery-
goid” (Fig. 4A). The similarity between this configuration
and that of some characiforms, as, for example, Hoplias,
is remarkable (Fig. 4A, B). In fact, Hoplias (ROBERTS,
1969) has a tooth-plate associated to the toothed anterior
portion of the ectopterygoid and to the premaxillary (Fig.
4B). This noticeable resemblance to the noted catfish con-
dition, associated with the fact that such tooth-plates are
present in a large number of characiforms (SAGEMEHL,
1885; STARKS, 1926; WEITZMAN, 1962, 1964 ; ROBERTS,
1969; FINnkK & FINK 1981 ; etc.), in some species of archaic
or generalised catfish families — e.g. Diplomystidae,
Ariidae, Pimelodidae, Claroteidae, Austroglanidae,
Cranoglanididae, Bagridae and Schilbeidae — (EIGEN-
MANN, 1890; STARKS, 1926; TILAK, 1961 ; GOSLINE, 1975
JayArRAM, 1966; FINK & FINK, 1981; SKELTON, 1981;
ARRATIA, 1987; 1992; Mo, 1991; etc.), and in Hypsidoris

farfonensis Lundberg and Case, 1970, a fossil catfish

from the Eocene (GRANDE, 1987), supports our suggestion
that the anterolateral portion of the “metapterygoid” of
catfish is homologous to the anterior tip of the ectoptery-
goid of other teleosts.

(3) Howes (1983) reported that in Pinirampus piri-
nampu (Spix & Agassiz, 1829) and Hypophthalmus eden-
tatus Spix & Agassiz, 1829, two South-American catfish,
the usually called “metapterygoid” has “a sharply demar-
cated ventral portion that articulates with the (so-called)
quadrate, whilst the dorsal portion articulates with the (so-
called) hyomandibula process” (Fig. 16B). This observa-
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tion led him to hypothesise that the “metapterygoid” is, in
fact, the result of a fusion — which, in the particular case
of P. pirinampu is incomplete (see Fig. 16B) — between
the ectopterygoid and entopterygoid of other teleosts.

(4) GRANDE (1987), in his reconstruction of Hypsidoris
farsonensis, a fossil catfish from the Eocene of the Green
River formation, reported an “entopterygoid” sutured
with a “metapterygoid” (Fig. 16a). However, as ARRATIA
(1992) argued, this “condition is unlikely, when you com-
pare it with other primitive siluroids” (see, for example,
Diplomystes chilensis: Fig. 2A). ARRATIA (1992) pro-
posed two alternative hypotheses: 1) that the two bones
are not really sutured; 2) that GRANDE’s “entopterygoid”
is, in fact, a fragment of the so-called “metapterygoid”.
However, both of her hypotheses are questionable. First,
even if we allow that GRANDE misinterpreted the presence
of a suture between the two bones (which is not the case:
see below), it seems unlikely that his “entopterygoid” is
homologous to the true entopterygoid, since it does not
have the same position and anatomical relations as the lat-
ter ossification (Fig. 16A). In reality, this “entopterygoid”
has the typical features of the ectopterygoid of other
teleosts (the spatial relation between its anterior portion
and the posterior tip of the palatine, for example)
(Fig. 16A). Moreover, it clearly corresponds to the antero-
lateral portion of the “metapterygoid” of other catfishes
(compare, for example, Fig. 16A to Figs 3, 4A, 10, 15A).
With respect to ARRATIA’s second hypothesis, a post-
mortem, incidental fracture of the “metapterygoid”,
resulting in the separation of two parts that present,
respectively, the same spatial position and relations as the
ectopterygoid and entopterygoid of other teleosts (see
above), seems very improbable, especially since a similar
fracture is also present in some living catfishes (see
above). Moreover, a quite similar, complete fracture is
equally present in Astephus antiquus (Leidy, 1873), a fos-
sil ictalurid catfish that also occurs in the Eocene of the
Green River formation (see GRANDE & LUNDBERG, 1988:
Fig. 10). We thus agree with GRANDE’s (1987) suggestion
that the two parts corresponding to his “metapterygoid”
and “entopterygoid” (see Fig. 16A) are, in fact, separated
by a suture, and we interpret them as the true entoptery-
goid and the true ectopterygoid, respectively.
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(5) Some opinions, not mentioned above, are conver-
gent with our hypothesis:

After studying the development of the pterygoid bones
of some catfishes, HOWES & TEUGELS (1989) pointed out
that the true metapterygoid “persists in adult siluroids
only as a densely ossified area of the palatoquadrate arch
and not as a laminar ossification” and that the so-called
“metapterygoid” is composed in great part by the
entopterygoid and ectopterygoid of other teleosts.

Sesamoid bones

(1) In Diplomystes chilensis, the three anterior small
bones of the suspensorium are clearly sesamoid ossifica-
tions related to ligaments and, in no way, vestigial bones
(Fig. 2). In fact, if we compare them to those of other
studied catfishes, it is clear that the larger anterior bones
present in some more specialised siluriforms are the result
of progressive ossification of these ligaments. The small
“entopterygoids” of the generalised Chrysichthys
nigrodigitatus (Fig. 4A) and Bagrus docmak (Fig. 7A)
and the relatively wide “entopterygoids” of the spe-
cialised Amphilius brevis (Fig. 10), Clarias gariepinus
(Fig. 9) and Phractura brevicauda (Fig. 13), for example,
are clearly the result of progressive ossification of the
“metapterygoid”-neurocranium ligament, which, in
Diplomystes chilensis, is only slightly ossified (Fig. 2A:
“entopterygoid”). This hypothesis is strongly supported
by developmental data: a) in a detailed embryological
study ADRIAENS & VERRAES (1998) show that the so-
called “entopterygoid” of one of the above-mentioned
species (e.g. Clarias gariepinus) is, in reality, a sesamoid
ossification of the ligament between the “metapterygoid”
and the vomer; b) after studying the development of some
silurids, KoBAYAKAWA (1992) stated that the “entoptery-
goid” “has ligaments on both its anterior and posterior
sides from the onset of its ossification (...), it appears as a
small, rod-shaped bone connected by ligaments with the
(so-called) metapterygoid posteriorly and the ventral sur-
face of the lateral ethmoid anteriorly”; and ¢) according to
ARRATIA (1990) “the “entopterygoid” in Nematogenys
arises as an ossification of the ligament extending
between the (so-called) metapterygoid and lateral eth-
moid, and, late in ontogeny, with the vomer”.

(2) The “ectopterygoid” and ‘“‘entoptery-
goid” of catfish begin to develop anteriorly
to the pterygoid process of the pars quadrata
(see, for example, KOBAYAKAWA, 1992: figs
9, 10; VANDEWALLE et al., 1993: fig. 2;
1995a: figs 9B, 10B; 1997: figs 7B, 8B),
while in most teleosts the ectopterygoid and
the entopterygoid develop on the processus

o-POP - o-a O0-ECT

0-POP o-a O-ENT

(a) (b)

Fig. 16. — Lateral view of the suspensorium of: (A) Hypsidoris farsonensis,
fossil catfish from the Eocene (modified from GRANDE, 1987). (B) Pinirampus
pirinampu (modified from Howes, 1983) (the palatine is not represented). The
nomenclature used here follows that used in the original illustrations.

pterygoideus (see, for example, DE BEER,
1937; DAGET, 1964 ; BERTMAR, 1959). There
is, thus, a difference between the place of
origin of the anterior small bones in catfishes
and that of the ectopterygoid and entoptery-
goid in other teleosts.
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(3) The so-called “ectopterygoid” and “entopterygoid”
of the examined catfish (see, e.g., Figs 2, 4A, 5,7, 9, 13),
as well as those of other siluriforms (see, for example, the
descriptions of TILAK, 1963a: figs 6, 15, 21; 1965: figs
13, 14; GAUBA, 1969: fig. 16; HOowes, 1983 figs 23, 24;
SRINIVASA RAO & Laxksuwmi, 1984: fig. 9B; HOwes &
TEUGELS, 1989: fig. 8; ARRATIA, 1990: fig. 12; 1992 : figs
25B, 28A, D, 29, 33, 34; Mo, 1991: figs 14, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49; KOBAYAKAWA, 1992: fig. 4;
DioGo et al., 1999: figs 3, 4; 2000a: fig. 3) are always
associated with ligaments.

(4) Howes & TEUGELS (1989) clearly show that the two
anterior bones of the suspensorium of a 72 mm Pimelodus
blochii Cuvier & Valenciennes, 1840 result from ossifica-
tions in the ligament joining the palatine to the lateral eth-
moid, which is already conspicuous in a 40 mm specimen.
According to these authors, the “entopterygoid” and
“ectopterygoid” of catfish are sesamoid bones and/or
fragments of the “metapterygoid”.

(5) If the small bones present in the anterior portion of
the suspensorium of some catfish are interpreted as
reduced or vestigial pterygoids (entopterygoid and/or
ectopterygoid), it is expected that they would generally be
larger in primitive families than in specialised ones.
However, in such primitive catfishes such as diplomystids
(see, for example, Fig. 2) and the fossil Hypsidoris farso-
nensis (see, for example, Fig. 16A) these bones are very
small or absent, whereas they are not as reduced in gener-
alised siluriforms such as bagrids (see, for example, Fig.
7 and Mo, 1991 : figs 14, 40, 41, 42, 43, 46, 47 ; D10GO et
al., 1999: figs 3, 4), claroteids (see, for example, Fig. 4A,
5 and Mo: figs 44, 45, 48), pimelodids (see, for example,
Fig. 16A and ALEXANDER, 1965 fig. 6; HOwEs, 1983 fig.
24; ARRATIA, 1992: fig. 35A, 36), schilbeids (see, for
example, ALEXANDER, 1965: fig. 13; DE Vos, 1995:
fig. 91), silurids (see, for example, KOBAYAKAWA, 1989:
figs 14,27, 35; 1992 Fig. 4), cranoglanidids (see descrip-
tions of Mo, 1991), malapterurids (see, for example,
Howes, 1985: fig. 13), austroglanids (see descriptions of
Mo, 1991) and ariids (see, for example, Fig. 11 and
TILAK, 1965: fig. 14; SRINIVASA RAO & LaksHMI, 1984:
fig. 9). In certain more specialised catfishes, such as clari-
ids (see, for example, Fig. 9 and DaviD, 1936: fig. 4C;
TiLAK, 1963b: fig. 4), amblycipitids (see, for example,
Mo, 1991: 28), amphiliids (see, for example, Fig. 10 and
HaRrRy, 1953: fig. 10), doumeids (see, for example, Figs
12, 13 and D10Go et al., 2000a: fig. 1, 3) and sisorids (see,
for example, TILAK, 1963a: figs 6, 21; GAUBA, 1969: fig.
16) these bones are much larger, being sometimes as
broad (or even broader) as the so-called “metapterygoid”.
It is unlikely that, basally among catfishes, the “ectoptery-
goid” and “entopterygoid” had become reduced or even
lost, and, subsequently, re-acquired a large size in some
more derived catfish. It is rather more probable that these
bones are, in fact, sesamoid ossifications that had begun
to develop in some primitive catfishes, and became pro-
gressively larger in some siluriform lineages. These ossi-

fications are, probably, functionally related to the decou-
pling of the palatine from the rest of the suspensorium, as
well as to the specialisation of the palatine-maxillary sys-
tem. In fact, the shape of the sesamoid bones and associ-
ated ligaments in the suspensorium of siluriforms seems
to be closely associated with the different types of pala-
tine-maxillary system of these fishes. Thus, for example,
in siluriforms with a “rocking” palatine-maxillary system
(where the abduction of the maxillary is associated with a
medial displacement of the back of the palatine: see
GOSLINE, 1975) these structures are disposed so as to
allow a pronounced medial movement of the rear end of
the palatine (see, for example, Fig. 5 A—B), while in cat-
fishes with a “sliding” palatine-maxillary system (where
the abduction of the maxillary is associated with a poste-
rior displacement of the palatine: see GOSLINE, 1975), in
contrast, their configuration allows a large posterior dis-
placement of this bone (see, for example, Fig. 7 A—>B).

(6) Some opinions, not mentioned above, convergent
with our hypothesis:

MCcMURRICH (1884) interpreted the small bone “lying
behind and within the posterior extremity of the palatine”
in Ictalurus catus Linnaeus, 1758 as a sesamoid bone,
which he called “bone number 4”.

Howes (1983, 1985) pointed out that the so-called
“entopterygoid” and “ectopterygoid” of catfish are, prob-
ably, sesamoid bones.

ARRATIA (1987) stated: “... the position of this bone
(“ectopterygoid”) in diplomystids is not homologous with
that of the ectopterygoid in other teleosts. This small
pterygoid appears as an additional element of the series
and it could represent a neomorphic feature”. Concerning
the other small bone present in the anterior portion of the
suspensorium of some diplomystids, which corresponds
to the “additional pterygoid” we figure in Diplomystes
chilensis (Fig. 2B), she commented: “... it cannot be inter-
preted as belonging to the pterygoid series. I interpret it as
a neomorphic feature”.

According to ARRATIA (1992) the “pterygoid bones in
most catfish are highly specialised sesamoid elements,
connected by ligaments to cranial bones or other bones of
the suspensorium (...) or additional bones whose function
is unclear”.

Quadrate and symplectic

(1) A ‘typical’ teleostean quadrate has a posterior notch
in which the symplectic inserts on the lateral side (see, for
example, TAVERNE, 1974: fig. 4). The inferior arm of the
notch, which probably represents the quadratojugal
(DEVILLERS, 1958), is lacking in some teleosts, as, for
example, some clupeids (see, for example, RIDEWOOD,
1904: figs 124, 132). As for the symplectic, it remains
cartilaginous in some mormyriforms (TAVERNE, 1974) and
clupeiforms (RiDEwooD, 1904). However, both the
quadrate and the symplectic are present and well ossified
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in the Gonorynchiformes (CHARDON & DE LA Hoz, 1974:
figs 2, 3, 4, 5, 6; MAGo-LEccIa, 1978: fig. 12; FInK &
Fink, 1981: fig. 12; ARrATIA, 1992: fig. 12A, B, D),
Cypriniformes (see, for example, VANDEWALLE, 1975:
figs 1, 2, 12; ARRATIA, 1992: fig. 8B ; TAVERNE & DE VoS,
1997: fig. 6), Characiformes (see, for example, GIUSEN &
CHARDON, 1976: fig. 5; ARRATIA, 1992: fig. 10A),
Gymnotiformes (see, for example, fig. 14A and ARRATIA,
1992: fig. 12A, B, D) and “fossil Ostariophysi” (see, for
example, GAYET, 1982: fig. 10; 1985: figs 2, 19, 20).
Catfish have neither a notch nor a distinct symplectic —
Howes (1985) described a “symplectic” in the African
catfish Malapterurus electricus (Gmelin, 1879) (see Fig.
15D), but this statement was questioned by ARRATIA
(1992) — and it is thus plausible that the symplectic is
incorporated into the quadrate, filling the notch. In fact, it
is difficult to explain the disappearance of the quadrate
notch and also the similar shape of the “quadrate” of cat-
fishes and the quadrate+symplectic of other teleosts (see,
for example, Fig. 14) if we accept that the “disappear-
ance” of the symplectic in catfish is simply a function of
the non-ossification of this element (see below). As in the
case of the fusion between the hyomandibula and the
metapterygoid (see above), the fusion between the
quadrate and symplectic is probably related to the fact that
in catfish the pars quadrata and the hyosymplectic are
fused from the first appearance of the chondrocranium
cartilage.

(2) Most authors (MCMURRICH, 1884 ; HARRY, 1953;
TiLAk, 1961; 1963ab; 1964; 1965; SKELTON, 1981;
SKELTON et al., 1984; Howes, 1983; Mo, 1991;
ARRATIA, 1992 ; ADRIAENS & VERRAES, 1998; etc.) con-
sider that an ossified symplectic is absent in catfish, and
interpret the cartilage between the “hyomandibula”, pre-
opercular and “quadrate” (see, for example, Figs 3, 10,
14B) as the remnant of the symplectic cartilage present
early in ontogeny, and, thus, as the homologue of the
symplectic of other teleosts. However, this cartilage dif-
fers from the typical symplectic by its position.
Moreover, both the cartilage and the symplectic (which
is always situated anteriorly to the cartilage) are present
in gymnotiforms (see, for example, Fig. 14A and
CHARDON & DE La Hoz, 1974: figs 2, 3, 4, 5, 6; MAGO-
Leccia, 1978: fig. 12; Fink & Fink, 1981: fig. 12;
ARRATIA, 1992: fig. 12a, b, d), characiforms (see, for
example, WEITZMAN, 1964 : fig. 7; FINK & FINk, 1981 :
fig. 10), cypriniforms (see, for example, VANDEWALLE,
1975: figs 1, 2; FINk & FINK, 1981: fig. 9; ARRATIA,
1992: fig. 4A), gonorynchiforms (see, for example, FINK
& FInk, 1981: fig. 8; ARRATIA, 1990: fig. 2; 1992: fig.
4D) as well as in a large number of other teleosts (see,
for example, RIDEwoOD, 1904 : figs 123, 132; CHARDON
& VANDEWALLE, 1971: fig. 2; VANDEWALLE, 1971 : figs
6, 11; VANDEWALLE et al., 1995b: fig. 2), which implies
that these structures can not be, in any way, homologous
(compare Fig. 14A to Fig. 14B) [if two structures A and
B are present at the same time in a certain species X, it

cannot be considered that these two structures are
homologous within two different species Y and Z: see,
for example, GouLD, 1989; HALL, 1994; BEAUMONT,
1998).

General conclusions

The suspensorium of catfish is divided into the separate
palatine and a posterior portion composed of the
hyomandibulo-metapterygoid, the quadrato-symplectic
and the ento-ectopterygoid (see Fig. 17). The smaller
anterior bones are sesamoid ossifications. Despite the
great diversity in the size and shape of these sesamoid
bones (see above), three major types can be distinguished
(toothed plates are not considered here) (see Fig. 17): 1)
sesamoid bone 1 of the suspensorium, which corresponds
to the so-called “entopterygoid”, being associated, by
means of ligaments, to the neurocranium (usually the
vomer, lateral ethmoid and/or orbitosphenoid) anteriorly
and to the ento-ectopterygoid posteriorly; 2) sesamoid
bone 2 of the suspensorium, which corresponds to the so-
called “ectopterygoid”, being usually situated ventral to
the palatine and, in most cases, linked to it by a short lig-
ament; 3) sesamoid bone 3 of the suspensorium, which
corresponds to the “additional pterygoid” figured in
Diplomystes chilensis (Fig. 2B). It is present only in some
diplomystids and is situated between the sesamoid bones
1 and 2, being imbedded in the ligament between the ento-
ectopterygoid and the palatine.

HYOMANDIBULO-METAPTERYGOID
ENTO-ECTOPTERYGOID

SESAMOID BONE 1
OF THE SUSPENSORIUM

AUTOPALATINE

SESAMOID BONE 2
OF THE SUSPENSORIUM

SESAMOID BONE 3
OF THE SUSPENSORIUM

PREOPERCULAR

QUADRATE-SYMPLECTIC

Fig. 17. — Scheme of the suspensorium of Diplomystes chilensis
illustrating our interpretation of catfish suspensorial bones.

That hypothesis results from data from a variety of
sources including comparative morphology, functional
morphology, ontogeny, phylogeny and palacontology, and
results in a renewed nomenclature for the bones of the cat-
fish suspensorium. It should be remembered that it was
the misinterpretation of the catfish suspensorium that
caused (and still causes) great confusion around this sub-
ject. It is hoped that the present work will contribute to an
emergence from such confusion and facilitate future com-
parative and phylogenetic studies.
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