
Morphological and histological data on the structure of the lingual 
toothplate of Arapaima gigas (Osteoglossidae; Teleostei)

by

François J. Meunier* (1), Paolo M. Brito (2) & Maria-eduarda C. LeaL (2)

Cybium 2013, 37(4): 263-271.

(1) uMr 7208 (CnrS-MnHn-irD-uPMC), Borea, Département des milieux et peuplements aquatiques, Muséum national d’Histoire 
naturelle, CP 26, 43 rue Cuvier, 75231 Paris cedex 05, France.

 (2) Departamento de Zoologia, universidade do estado do rio de Janeiro. rua São Francisco Xavier 524, Maracanã, 20559-900,  
rio de Janeiro, Brazil. [pbritopaleo@yahoo.com.br] [mecl@centroin.com.br]

* Corresponding author [meunier@mnhn.fr]

among the bones forming the architecture of the buc-
copharyngeal cavity of teleosts, particularly the branchial 
arches, many bear odontodes (nelson, 1969; Lauder and 
Liem, 1983), which are generally less developed than jaw 
teeth. the entire oral and pharyngeal epithelium is of ecto-
dermal-endodermal origin (Soukup et al., 2008), and the 
oral-pharyngeal odontodes are epithelio-mesenchymal for-
mations (Fraser et al., 2010) like skin odontodes (Ørvig 
1977; Sire and Huysseune, 2003). in teleosts, the gill arch 
skeleton and the musculature became closely involved in 
food intake and its transit to the oesophagus (Vandewalle et 
al., 2000). in some teleost families these pharyngeal odon-
todes and their bony support are well-developed, forming a 
jaw system located at the posterior region of the oropharyn-
geal cavity, just anterior to the opening of the oesophagus. 
these pharyngeal jaws characterize the “pharyngognathes” 
fishes (Daget, 1964; Nelson, 1967; Peyer, 1968; Liem and 
Greenwood, 1981; Vandewalle et al., 1994). Such jaws were 
described in Cyprinidae (edwards, 1929; Vasnecov, 1939; 
eastman and underhill, 1973; nakajima, 1979, 1990; Sib-

bing, 1982), Cichlidae (ismail et al., 1982; Casciotta and 
arratia, 1993; Huysseune et al., 1994), Scaridae (Boas, 1879; 
Monod, 1951a; Gobalet, 1989), Labridae (Liem and Sand-
erson, 1986) and Carangidae (Trachinotus: Monod, 1951b; 
Meunier and trébaol, 1987; trébaol et al., 1991; Francillon-
Vieillot et al., 1994). in fact, these pharyngeal jaws are the 
sole “chewing” elements present in Cyprinidae, in which the 
anterior jaws (premaxillary and dental) lack teeth. 

osteoglossomorpha and elopomorpha are the more 
primitive teleostean lineages with modern representatives, 
and each lineage has been alternatively considered as the 
most basal (see, e.g. Lauder and Liem, 1983; arratia, 1997). 
extant osteoglossomorpha assemble osteoglossoidei, noto-
pteridei and Hiodontidae (arratia, 1997). in the past, extant 
osteoglossids were grouped in one family, osteoglossidae 
(nelson, 1994), but they are now considered as two fami-
lies: the osteoglossidae (Osteoglossum and Sleropages) 
and the arapaimatidae (Arapaima and Heterotis) (Ferraris, 
2003a, b). the genus Arapaima is currently represented in 
South america, in the amazon Basin (Ferraris Jr., 2003a, 

Abstract. – the pirarucu, Arapaima gigas (osteoglossidae) has a basibranchial toothplate that supports a great 
density of teeth and helps the food transfer from the oral cavity towards the oesophagus. the lingual teeth appear 
early during ontogeny of the hyoid and branchial skeleton. on the basibranchial toothplate the teeth are closely 
set but without any connection, contrary to the “coalesced teeth”. the lingual teeth are 4 mm long and 1.0 to 
1.5 mm wide; they are constituted of a cone of orthodentine with a distal cap of enameloid. Dentine is divided 
into two layers: an inner layer of circumpulpal dentine and an external one of pallial dentine. A peculiar specifi-
city of the lingual teeth is the presence of plicidentine in their basal part. So in actinopterygii, plicidentine is not 
limited to lepisosteids only. owing to (i) the different aspect of plicidentine in the two taxa and (ii) their relative 
phylogenetic distance, we can interprete plicidentine in actinopterygii as a morphofunctional adaptation to a 
predation diet.

Résumé. – Quelques données morphologiques et histologiques sur la structure de la plaque dentaire linguale 
d’Arapaima gigas (osteoglossidae; teleostei). 

Le pirarucu, Arapaima gigas (osteoglossidae) possède une plaque dentaire linguale très développée avec 
une grande densité de dents. Cette plaque facilite le transit des proies de la cavité buccale vers l’œsophage. Les 
dents linguales apparaissent très tôt lors de l’ontogenèse du squelette de la corbeille branchiale. Les dents font 
4 mm de longueur et 1,0 à 1,5 mm de diamètre. elles sont couvertes, à leur apex, par de l’émailloïde, un tissu 
hyperminéralisé, et sont constituées d’une dentine stratifiée : une couche externe de dentine paléale et une cou-
che interne de dentine circum-pulpaire. À la base de la dent, la dentine est plissée, ce qui caractérise la présence 
de plicidentine. Parmi les actinoptérygiens la plicidentine n’est donc pas limitée aux seuls Lepisosteidae. nous 
considérons que la présence de plicidentine chez des taxons aussi éloignés (Lepisosteidae et osteoglossidae) est 
probablement la marque d’une adaptation fonctionnelle à la prédation chez les actinoptérygiens.
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b; Brito et al., 2007). although traditionally regarded as a 
monotypic genus, Arapaima was recently considered as hav-
ing more than one species (Stewart, 2013). Fossil arapaim-
ids are known from the Cretaceous and tertiary (Gayet and 
Meunier, 1998; Gayet et al., 2001). 

Both osteoglossiformes (osteoglossidae, arapaimatidae, 
Mormyridae, and notopteridae) and albulidae have toothed 
oral jaws (Fig. 1) and rather reduced pharyngeal jaws, except 
for the fossil notopteridae from the continental northwest 
Cretaceous of Morocco, †Palaeonotopterus greenwoodi. 
this species have stout pharyngeal jaws, the histologi-
cal organisation of which was described as “coalesced-like 
teeth”  (Meunier et al., 2013). in extant osteoglossiformes, 
a third jaw system is located between the oral and pharyn-
geal jaws. it consists of a “lingual” jaw (= hyoid jaw), which 
opposes to a fixed set of teeth on the ventral surface of the 
neurocranium (nelson, 1968; Greenwood, 1973; taverne, 
1972, 1977, 1978). this lingual jaw is formed by a single 
toothed plate (Fig. 2), which lies dorsally to basibranchials 
1-3 (Shaklee and tamaru, 1981; Sanford and Lauder, 1990); 
it is referred to as either the “tongue”, or lingual toothplate 
or basibranchial toothplate. this medial hyoid toothplate is 
one of the essential characteristics of the group (Lauder and 
Liem, 1983) and explains the origin of the english name of 
this taxon: the “bony-tongue” fish. 

Within osteoglossiformes and albulidae taxa, the teeth 
supported by the hyoid jaws are quite well developed. the 
toothplates, on which teeth are inserted, play a role in the 
mechanical transfer of food into the oesophagus (Lauder and 
Liem, 1983; Sanford and Lauder, 1989 1990; Lauder and 
Wainwright, 1992; Sanford, 2001). this function has been 
clearly experimentally demonstrated in Arapaima gigas 
(Kershaw, 1976). However, to our best knowledge, no study 
was conducted on the histological structure of the basi-

branchial bone plate or its teeth. Here, we partially fill this 
gap by studying the histological organization of the basi-
branchial toothplate in Arapaima gigas.

MATeRiAl And MeThOds

Material
We studied ontogenetic development of the basibranchi-

al toothplate in several developmental stages of Arapaima 
gigas (pirarucu): postembryos, whose standard length (SL) 
ranged from 16 to 24 mm, as well as juveniles. ethanol-

Figure 1. - Arapaima gigas. Lateral view of the skull (after tav-
erne, 1977). (ang = angular ; ant = antorbital ; Chy = Ceratohy-
al ; Den = Dental ; Dsph = Dermosphenotic ; iop = interopercu-
lar ; iorb 1-4 = infraorbitar ; iop = infraopercular ; Mx = Maxilla ; 
op = opercular ; Pmx = Premaxilla ; Pop = Preopercular ; Pt Post-
temporal ; Sop = Subopercular). Scale bar = 2 cm.

Figure 2. - Arapaima gigas. Dorsal view of the hyoid and branchi-
al skeleton (after taverne, 1977). (Bbr 1 = Basibranchial ; Cbr 
1-5 = Ceratobranchial ; Chy = Ceratohyal ; DmBr 1-5 = Dermoba-
sibranchial ; ebr = epibranchial ; ehy = epihyal ; HBr 1-3 = Hypo-
branchial; lb = gill rackers; PBr = Pharyngobranchial 2-4). Scale 
bar = 2 cm.
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Figure 3. - Arapaima gigas. Dorsal view of cleared and stained gill arches from specimens of various ontogenetic stages. the visceral arch-
es on the left are in anatomical position, whilst those on the right are unfolded. A: Specimen uerJ PMB-127 (16.7 mm SL). the endoskel-
eton is fully cartilaginous, lacking any ossification centre, but showing a few teeth (arrowheads) developing in front of the line of copulas 
between the hyoid arch and second branchial arch (see detail Fig. 3B). B: Same specimen. Detail of the anterior half of the line of copulas 
showing lingual teeth (arrowheads). C: Specimen uerJ PMB-135 (27.6 mm SL). Basibranchial elements 1-3 and “hypo”, “cerato” and 
“epi” elements show clear areas of diaphyseal ossification. Gill rackers and branchiostegal rays are ossified. d: Specimen uerJ PMB-159 
(62.2 mm SL). the tongue plate (basibranchial toothplate) is clearly differentiated. there is at least one posterior toothplate on the surface 
of basibranchial 4 (arrowhead). e: Same specimen. Detail of the first two basibranchials showing many lingual teeth (arrowheads). F: 
Specimen UERJ PMB-106 (110 mm SL). The entire hyoid (except basihyal) and branchial skeleton are ossified, with the only joint areas 
remaining cartilaginous (coloured blue). Some small bony toothplates are located posterior to the line of copulas (arrowheads) at the base 
of the fifth gill arch. (Ab1-Ab5 = gill arches 1-5; Ah = hyoid arch; bb1-bb4 = basibranchial 1-4; bh = basihyal; cb1 = ceratobranchial 
1; ch = ceratohyal; eb1-4 = epibranchial 1-4; eh = epihyal; hb1 = hypobranchial 1; hh = hypohyal; lb = gill rakers; lc = line copulas; pd 
ab4 = branchial arch 4 toothplate; pdl = lingual (basibranchial) toothplate ; rb = branchiostegal rays). Scale bars: a, C, e = 1 mm; B = 250 
µm; D = 5 mm; F = 10 mm.
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preserved specimens were kindly provided by Lucia r. Py-
Daniel (inPa-Manaus, Brazil). Following Kunz (2004) we 
used the term “postembryos” when referring to specimens 
between post-hatching and the end of yolk absorption, and 

“juveniles” when referring to specimens after the end of 
yolk absorption but still sexually immature. the onset of 
sexual maturity in A. gigas is observed in specimens larger 
than 150 cm SL (imbiriba, 2001).

Figure 4. - Arapaima gigas. Dorsal view of the surface of the lingual dentary plate showing numerous teeth. axis xx’ and yy’ demarcate the 
localisation of the transverse sections and the rectangles a and b point to the frontal sections. Scale bar = 1 cm. 
Figure 5. - Arapaima gigas. Frontal view of the cross section (yy’) of the lingual dentary plate. Detail of the spatial arrangement of the bony 
trabeculae between the two bony laminae. a sagittally-sectioned tooth is squared (see Fig. 7). Cm = medullar cavity. Scale bar = 2 mm. 
Figure 6. - Arapaima gigas. external view of the lingual dentary plate showing the translucent tooth tips (arrows). Scale bar = 1 mm.
Figure 7. - Arapaima gigas. Detail of the pulp cavity of the lingual tooth squared in Fig. 5. We observe thin infolds of the dentine wall in 
the pulp cavity (arrowheads). Scale bar = 250 µm.

Figure 8. - Arapaima gigas. Cross section of the lingual dentary plate (natural transmitted light) showing numerous teeth (arrows) attached 
to the upper bony lamina (Lsp), the lower bony lamina (Lif), and the bony trabeculae between the two laminae (arrow heads). Cm = med-
ullar cavity; Cp = pulp cavity. Scale bar = 3 mm. 
Figure 9. - Arapaima gigas. transverse section of the lingual dentary plate. A: natural transmitted light; B: Polarized light. Presence of a 
large quantity of secondary bone (*) showing that the bone localised under a tooth is frequently resorbed. Cp = pulp cavity; Cv = vascular 
cavity. Scale bar = 250 µm.
Figure 10. - Arapaima gigas. transverse section of the lingual dentary plate (natural transmitted light) showing three longitudinal tooth 
sections. A: the tooth is attached to the upper lamina that is made of primary bone (o.p) and secondary bone (o.s). B: the pulp cavity of 
the tooth communicates other bone support via two vascular canals (Cv), the first one being lateral and the second plunging deeply in the 
bony lamina. C: Detail of a tooth with its distal cap of enameloid (arrow). Cp = pulp cavity; D = dentine ; en = enameloid ; o.a = bone of 
attachment. Scale bar = 250 µm. 
Figure 11. - Arapaima gigas. transverse section of the lingual dentary plate (natural transmitted light). Detail showing the osteocytes in the 
primary bone of the upper lamina. Scale bar = 100 µm. 
Figure 12. - Arapaima gigas. Frontal sections of the lingual dentary plate (natural transmitted light) showing transverse tooth sections. the 
sections cross the mid-region of the tooth (A) and the distal third of the tooth (B), respectively. two zones are visible in the dentine: the 
outer pallial dentine (D p) and the inner circumpulpal dentine (D cp), which shows many odontoblastic tubules. Pallial dentine is reduced 
compared to the circumpulpal dentine in Fig. 12B. Cp = pulp cavity. Scale bar = 250 µm.
Figure 13. - Arapaima gigas. Frontal section of the lingual dentary plate (natural transmitted light). the section crosses the tooth base and 
shows folding of the inner dentine (arrows heads) = plicidentine. Cp = pulp cavity ; Cv = vascular cavity. Scale bar = 250 µm. 
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We have also examined a basibranchial toothplate meas-
uring 170 mm in length and 35 mm in maximum width, from 
a specimen, in which the neurocranium was 21 cm in length. 
unfortunately we did not know the total length of the animal.

Methods
Juvenile specimens were cleared and double stained 

following a technique modified from Taylor and Van Dyke 
(1985). anatomical preparations were observed under a bin-
ocular microscope.

the basibranchial toothplate was cleared of soft tissue, 
dried and dehydrated (Fig. 4). A first sample was taken at the 
anterior third of the plate and embedded in resin in order to 
make ground cross-sections through the entire width of the 
toothplate (Fig. 4). the teeth were cut along their proximal-
distal axis. a second sample, also embedded in resin, was 
cut into two fragments (Fig. 4) for tangential sections, thus 
yielding transverse tooth sections. these preparations were 
observed under a binocular microscope using natural and 
polarized light.

ResulTs

development of the basibranchial toothplate
the branchial elements of 16-17 mm SL specimens are 

entirely cartilaginous, without any visible point of ossifica-
tion (Fig. 3a). However several teeth are already present 
on the line of copulas (Fig. 3B). the toothplate appears as a 
translucent fibrous tissue, bearing its first teeth. The ossifica-
tion centres of the bony elements appear at stages 25-30 mm 
SL, involving the “hypo” and “epi” elements of the gill arch-
es, the basibranchials 1-3 and the basibranchial toothplate. 
By this time, all of them show areas of red (alizarin) stain-
ing characterizing mineralization and, in the present case, an 
ossification process (Fig. 3C). in the 60 mm SL specimen 
alizarin stains all bony elements of the branchial skeleton, 
including gill rackers and branchiostegal rays (Fig. 3D, e). 
only the articular areas remain cartilaginous (Fig. 3D). the 
basibranchial toothplate appears clearly above the basi-
branchials 1-3 (Fig. 3D). There is no ossified basihyal but 
an unossified basihyal element is present in postembryos 
and juveniles (bh: Fig. 3a, C, D, F), above the dorsal hypo-
hyal and the basibranchial 1. this fibrocartilaginous ele-
ment carries numerous teeth, but has not been observed in 
the adult (Fig. 3D, e). Small, posterior toothplates appear 
in the 60 mm SL specimen, anterior to the basibranchial 4 
(Fig. 3D), then behind (Fig. 3e). these small toothplates 
remain independent from the basibranchial toothplate.

Morphology of the basibranchial toothplate
the basibranchial toothplate has a large number of teeth 

(50 per mm2) positioned one against the other (Figs 4, 5). 

They are firmly attached by their base to the bony plate by 
bone of attachment (see below). occasionally, spaces are 
devoid of teeth; they represent functional areas from where 
the tooth naturally fell or was lost during the preparation of 
the material.

the basibranchial toothplate consists of two bony lami-
nae: a dorsal lamina and a ventral one, the lower face of which 
is slightly concave (Fig. 5). these two laminae are connected 
by ossified trabeculae, which delimit large medullary cavities 
(Fig. 5). these trabeculae act as true struts, which consolidate 
the whole basibranchial plate architecture.

the teeth have roughly uniform shape and size; the larg-
est ones being 4 mm high and 1.0-1.5 mm in diameter at 
their base. tooth size and density decrease slightly from the 
anterior to the posterior region of the basibranchial tooth-
plate. they are slightly curved towards the posterior region. 
the diameter of each tooth gradually decreases from its base 
towards its tip, with a tapered end (Fig. 6). the outer con-
tour of the largest teeth is smooth, but by transparency a fine 
striation is seen on their base. this striation corresponds to 
the folds of the inner wall of the pulp cavity (Fig. 7 and see 
below “Histology”).

histology of the basibranchial toothplate
the two bony laminae constituting the basibranchial 

toothplate and the trabeculae supporting them are made of 
bone tissue of various thickness (Fig. 8). the ventral lamina 
is thinner than the dorsal tooth-bearing lamina (Fig. 8). each 
lamina consists essentially of primary cellular bone. Howev-
er, the dorsal lamina shows numerous remodelled areas near 
the sites of tooth attachment (Figs 9a, B, 10a, B). Polarized 
light clearly shows processes of resorption and reconstruc-
tion of bone tissue resulting from periodical tooth renewal 
(Fig. 9B). the bone tissue contains star-shaped osteocytes 
possessing numerous cytoplasmic extensions (Fig. 11).

Vascular canals issued from the bone plate (Fig. 10B) 
penetrate the pulp cavity of the teeth (Figs 9a, 12a, B). teeth 
consist of an elongated cone of dentine (Fig. 10a, B) covered 
by a layer of a slightly birefringent substance representing 
enamel or enameloid (Fig. 10C), perhaps acrodine (see Ørvig, 
1978: 308-309). numerous tubules, issued from the odontob-
lasts located in the pulp cavity and lining the dentine, perpen-
dicularly penetrate the matrix (Fig. 12a, B). these tubules, 
house cytoplasmic extensions of the odontoblasts and charac-
terize orthodentine. odontoblast tubules turn less broad when 
approaching the outer surface of the tooth (Fig. 12a, B). the 
dentine is divided into two concentric layers: 1) an inner, 
thick layer, the circumpulpal dentine, rich in odontoblastic 
tubules; and 2) a peripheral, more homogeneous layer, the 
pallial dentine, with few tubules or devoid of them (Fig. 12a, 
B). Finally, the walls of the basal region of the tooth show 
noticeable folds in a radial arrangement (Fig. 13). From this 
level arise vascular canals that connect the vascular network 
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of the dorsal bone plate to the pulp cavity (Fig. 13). the folds 
of the pleated dentine in the tooth base are welded to the bony 
tissue constituting bone of attachment (Fig. 13).

disCussiOn-COnClusiOn

the presence of a well-developed dentigerous basi-
branchial toothplate in early stages of development (16-
17 mm SL postembryos) suggests that its function in assist-
ing prey transit has an early onset. indeed, postembryos we 
studied were fed on live prey, particularly ostracod crusta-
ceans, as indicated by the stomach contents visible after 
clearing and staining procedures.

the lingual teeth of Arapaima gigas are present at a high 
density, being almost contiguous near their place of attach-
ment to the basibranchial bony plate. their attachment is 
built through bone tissue; these well-anchored teeth belong 
to “Type 1” anchoring category of teeth as defined by Fink 
(1981). type 1 corresponds to complete ankylosis and is con-
sidered by this author as more primitive than “mobile” teeth 
(types 2, 3 and 4; Fink, 1981). the lingual teeth of A. gigas 
are subject to continual renewal as evidenced by the signifi-
cant bone remodelling of the upper part of the toothplate. 
teeth form a single bed and are extremely close each other. 
they are neither surrounded nor covered by a mineralized tis-
sue as on the “coalesced teeth” (following Britski et al., 1985) 
of the mandibular jaws of various teleosts: Scaridae, tetrao-
dontidae (andreucci, 1968; Peyer, 1968; Britski et al., 1985; 
Fraser et al., 2012; Meunier, 2012), or of the pharyngeal jaws 
of Trachinotus (Monod, 1951b; Meunier and trébaol, 1997) 
or on the basibranchial toothplate of the fossil notopteridae 
†Palaeonotopterus greenwoodi (Meunier et al., 2013). this 
high tooth density on the basibranchial toothplate of A. gigas 
clearly allows functioning as “conveyor belt” for the prey 
passing through the mouth towards the posterior pharyngeal 
region (Kershaw, 1976) before entering oesophagus.

an interesting structural feature of lingual teeth of 
A. gigas lies in the presence of a folded orthodentine wall 
at the base of the dentine cone. this organization in more or 
less regular folds is characteristic of plicidentine. this term 
was coined by owen (1841 in Tomes, 1878), then clarified 
by tomes (1878) as designating “the folded internal wall of 
the basal area of the tooth surrounding the pulp cavity, as in 
lepisosteids” (Peyer, 1968). the plicidentine is best known as 
a feature of many sarcopterygian taxa (Bystrow, 1939, 1942, 
1950; Lison, 1954; Bradford, 1967; Ørvig 1967; Schultze, 
1969, 1970; Vorobyeva, 1977), and shows various structural 
arrangements (Kearney and rieppel, 2006; Maxwell et al., 
2011). So far, in the actinopterygian lineage the plicidentine 
has been reported only for the oral teeth of Lepisosteidae 
(Peyer, 1968; Grande, 2010). Peyer has mentioned pliciden-
tine in some teleosts, but with a limited development to the 

base of the teeth, without mentioning the names of the taxa 
investigated (Peyer, 1968: 98-100). among the other authors 
who have studied the tooth structure in many actinopterygian 
taxa, only thomasset (1930) reported the presence of plici-
dentine in a teleost: “the genus Hydrocyon [(= Oligosarcus)] 
has teeth folded at the base, without reflecting on the intimate 
structure of dentine”. However, thomasset does not provide 
details or illustration supporting his assertion on the tooth 
structure of this characid predator from South america.

the teeth of Lepisosteidae (genus Atractosteus and Lepi-
sosteus) have folds of orthodentine characterizing pliciden-
tine (Schultze, 1969; Wiley, 1976; Grande, 2010: Fig. 45). 
in A. gigas, unlike Lepisosteidae, in which dentine folds 
are clearly visible externally in the form of parallel grooves 
(Peyer, 1968: Fig. 48; Grande, 2010: Figs 45, 240), the basal 
external area of lingual teeth is smooth, while the folds are 
visible on the inner surface of the tooth facing the pulp cav-
ity. even if the occurrence of plicidentine remains extremely 
limited in teleosts, the differences in its development in Lep-
isosteidae and osteoglossidae, and the phylogenetic distance 
of these two lineages (Lauder and Liem, 1983), lead us to 
believe that this folded organization of dentine is a morpho-
functional adaptation, i.e. a convergent character with no 
relationship.

the basibranchial toothplate of A. gigas assists in the 
backward movement of prey into the oesophagus (Kershaw, 
1976), particularly helped by the teeth with their backward-
directed tip. these teeth are subject to mechanical stress 
requiring a strong anchoring onto the basibranchial bone 
plate. the plicidentine folds greatly increase the attach-
ment surface for teeth compared to single orthodentine ring, 
which is the most frequent condition (Fink, 1981). a simi-
lar functional adaptation was proposed to explain the struc-
tural diversity of plicidentine in Sarcopterygii (Scanlon and 
Lee, 2002; Modesto and reisz, 2008; Maxwell et al., 2011). 
ongoing research allowed us to observe traces of folding 
in the external surface on the tooth base of another teleost, 
Hoplias aimara (Erythrinidae), a fish-eating Characiforme 
from the amazon basin bearing large canine-like teeth on 
its jaws. the presence of plicidentine on this species, if con-
firmed, would reinforce our adaptive hypothesis related to 
fish predation, since Characiformes and Osteoglossiformes 
are separate teleost lineages.
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