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Development of the Pharyngeal Teeth in the Big Head,
Aristichthys nobilis (Cyprinidae)
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Abstract The development of pharyngeal dentition was observed in the big head, Aristichthys
nobilis, which is one of the hypophthalmichthyines of the cyprinids. This fish has the C-type
larval dentition, in which no teeth ever occur at the position An3, and in which the first tooth at
the position An2 is on the third replacement wave. So the positions Pol, Ce0, Anl and An2 in
the larval dentition correspond to the positions A4, A3, A2 and Al in the adult dentition, re-
spectively. The initial tooth at each position is a conical one. The conical teeth are then changed
to ones bearing a narrow grinding surface with a hook at the tip and some denticles on the margins.
These teeth are of the Leuciscus stage. 1In the following teeth, the grinding surface is expanded,
and the denticles are increased in number and distributed on not only the margins but also the
whole grinding surface. These teeth bearing a very broad grinding surface characterize the hy-
pophthalmichthyines. At the positions A2 to A4, the teeth become the hypophthalmichthyine
type in the larval period. But the tooth at the position Al becomes the hypophthalmichthyine
type in the juvenile period. The morphological change of teeth in this species is simple although
their teeth are highly specialized. We think that this phenomenon gives a hint on their phylogeny.
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The cyprinid fishes bear well-developed pha-
ryngeal dentitions. The external features, num-
bers and arrangements of the teeth have often
been studied as criteria for taxonomic classifica-
tion. Adult cyprinids bear various pharyngeal
dentitions, but the teeth in larvae are similar to
each other in external features and arrangements
(Nakajima, 1979, 1984).

Cyprinids continue to replace their teeth in the
regular pattern throughout their life span. The
replacement waves sweep alternately and cephalad
in common cyprinids (Evans and Deubler, 1955;
Nakajima, 1979; Nakajima et al., 1981, 1983).
The pharyngeal dentition changes in tooth shape
and arrangement through tooth replacements.

Vasnecov (1939) was the first to take notice
that the cyprinid phylogeny was represented in
the ontogeny of the pharyngeal dentition. He
studied the development of pharyngeal dentitions
in cyprinid and cobitid fishes. He found that
Abramis brama, Rutilus rutilus and Misgurnus
fossilis, bearing a single row of teeth in the adult
phase, develop two rows during the larval period,
and concluded that the multi-rowed dentition in
cyprinids is primitive. Certainly, the evolution
of cypriniform dentitions was initiated primarily
with multiple rows (Nakajima, 1987). However,

Vasnecov (1939) put a hasty interpretation on the
evolution of the cypriniform dentition. That is
because the multi-rowed larval dentition is quite
different from the multi-rowed adult one. The
minor row in the adult dentition of cyprinids is
an apomorphic character within cypriniforms.
The cobitid or catostomid dentition in a single
row has not been evolved in the least from the
multi-rowed dentition in the cyprinids (Nakajima,
1979, 1987).

The initial teeth in cypriniforms are conical,
and they are changed to specialized forms
(Vasnecov, 1939; Weisel, 1967; Nakajima, 1977,
1979, 1984, 1987; Kodera, 1982). Vasnecov
(1939) used the changes in the tooth form as
evidence of phylogenesis in the cyprinids. After
that, some authors have suggested the possibility
that the morphological change of pharyngeal
teeth during successive replacements implies the
phylogenesis of cypriniform fishes (Weisel, 1967;
Nakajima, 1977; Kodera, 1982).

In hypophthalmichthyines dentition, four teeth
are arranged in a row, and they are depressed and
somewhat in the shape of a reversed slipper. The
grinding surface of the teeth is broad and slightly
concave. Their teeth represent one of the highest
specializations attained by the cyprinid fishes
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(Chu, 1935). The present study is undertaken
to clarify the development of their specialized
dentition, and describes the morphological change
of teeth by replacements in the big head, Aris-
tichthys nobilis (Richardson).

Materials and methods

Larvae and juveniles of Aristichthys nobilis
were reared from eggs artificially fertilized in the
laboratory, and sampled at random. Their parent
fish were captured in East Lake (Lake Tong-hu),
Hubei Province, China.

The specimens were fixed and preserved in 109
formalin, and cleared in 1% KOH, stained with
alizarin red S, and stored in 809 alcohol. In
every specimen, the pharyngeal arches with their
mucous membrane were removed from the head
and stored in 809 alcohol.

Some specimens, in which the attached teeth
and tooth germs with the mucous membrane were
left, were submerged in pure glycerine and ex-
amined under a binocular microscope. Other
specimens were re-fixed in 2% osmic acid. Soft
tissue was removed from them with the unattached
tooth germs, and the attached teeth were left
there. The bones and attached teeth were dried
with a critical point dryer, coated with gold by an
ion spatter, and examined under a scanning elec-
tron microscope.

The standard length (SL) was measured from
the snout to the end of the notochord in larvae,
and from the snout to the end of the hypurals in
juveniles and adults.

Terminology. The pharyngeal teeth are re-
placed alternately and cephalad as if the waves
swept. A replacement wave is a series of re-
placement teeth of the same generation. The
teeth are ankylosed at even or odd positions on a
single replacement wave. The waves permitting
tooth ankylosis sweep alternately at even and odd
positions. The initial tooth and its replacement
teeth which appear at each position belong to a
group of teeth, called tooth family (Table 1).

The larval dentition is defined as the multi-
rowed dentition in which each tooth row consists
of teeth on a single replacement wave. The
tooth row in the adult dentition consists of teeth
on some replacement waves. The tooth rows in
the larval dentition are occupied alternately by
the teeth which are ankylosed at even and odd

positions in the larval dentitions. The period
during which the larval dentition persists does not
necessarily correspond to the larval period (Naka-
jima, 1984).

In the larval dentition, tooth positions and
identified numbers of teeth are numbered accord-
ing to Nakajima et al. (1986). The tooth at the
position (r) on the replacement wave (n) is num-
bered n—1[r]. However, the position of the initial
tooth is numbered Ce0, the more anterior posi-
tions are numbered anteriorly Anl, An2, and
more posterior ones Pol (Table 1).

Results

The type of larval dentition. The first tooth,
o[Ce0], is attached to the bone at the end of the
pre-larval period, 7.0 mm SL. Then, the pha-
ryngeal bone has not yet been stained in red with-
out the basement of the tooth. At the early stage
of the post-larval period, 8 mm SL, the pharyngeal
bone is stained with alizarin red S, and three teeth,
J[Pol], ,[Ce0] and ,[Anl], are ankylosed to the
bone (Fig. la). After that, the larvae bear the
larval dentition with their teeth arranged in
multiple rows (Fig. 1). However, each tooth row
consists of teeth on a single replacement wave,
and is different from the tooth rows of the adult
dentition.

In the post-larval period, about 12 mm SL,
four teeth, ;[Poll, ;[Ce0], ;L{Anl], J[An2], are ar-
ranged in arow. This row is a major row, A row, of
the adult dentition. It consists of teeth on two re-
placement waves, the sixth and seventh waves.

Table 1. Appearance pattern or distribution of
the teeth during the larval period in Aris-
tichthys nobilis.

Replacement Tooth family or tooth position

wave in larval and adult dentition

Pol/A4 Ce0/A3 Anl/A2 An2/Al

Ist o[Ce0]

2nd 1[Pol] [Anl]

3rd [Ce0] J[An2]

4th s[Pol] s[Anl]

Sth s[Ce0] JAn2]

6th s[Pol] s[Anl]

7th o[Ce0] o[An2]

8th :[Pol] [Anl]

9th s[Ce0] s[An2]

10th o[Pol] o[Anl]
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5. o
tron microphotographs of the
larval dentitions on the left pharyngeal bones
of Aristichthys nobilis. The larval dentition is
arranged in multiple rows. Scale bars show
20 um. a: 84 mm SL. Teeth ,[Pol], ([Ce0]
and ,[Anl], from left to right, are seen. b:
10.5mm SL. Teeth ,[Pol], ,[Ce0], ,[CeO],

s[Anl1] and ,[JAn2], from left to right, are seen.

- -

Therefore, the adult dentition is completed in the
post-larval period, about 12 mm SL. The persist-
ing period of each tooth in the larval dentition is
shown in Table 2.

Table 2. Persisting period of each tooth in the
larval dentition in Aristichthys nobilis.

Germ Functioning

Tooth period period
(mm SL) (mm SL)

o[Ce0] 7.0-9.7
1[Pol] 7.0- 7.7 7.3-9.8
1J[Anl] 7.0- 7.8 7.3-10.4
.[Ce0] 7.8-9.0 9.0-11.5
.[An2] 8.4-9.0 9.0-10.2
s[Pol] 9.0- 9.9 9.8-11.5
s[Anl] 9.0-10.0 9.9-11.5
4[Ce0] 9.9-10.4 10.0-11.5
J[An2] 9.9-10.4 10.4-11.5
s[Pol] 10.0-11.9 11.9-
s[Anl] 10.0-11.9 11.9-

Fig. 2. Scanning electron microphotographs of the
left teeth of larval Aristichthys nobilis. Scale
bars show 20 um. a, 4[Pol] (left) and ,[Ce0]
(right); b, ,[Ce0] (left) and ,[Ce0] (right); c,
s[Anl] (left) and ,JAn2] (right); d, s[Pol]; e,
s[Ce0]; f, s[Anl]; g, ;[Po1] (left), s[Ce0] (middle)
and ;[Anl] (right); h, the tooth of the hy-
pophthalmichthyine type, s[Pol].

No teeth appear at the position An3, so the
position An2 in the larval dentition becomes the
position Al in the adult dentition. At the posi-
tion An2, the first tooth is on the third replace-
ment wave. Therefore, this fish has the C-type
of larval dentition (Nakajima, 1984). So the
positions Pol, Ce0, Anl and An2 correspond to
the positions A4, A3, A2 and Al in the adult
dentition, respectively (see Table 1).

Morphological change of teeth during the larval
period. The first tooth at the position Pol,
J[Pol], is recurved and conical (Figs. 1la, 3a).
The second tooth, ;[Pol], bears a narrow grinding
surface with a hook. There are some denticles
on the margins of the grinding surface of this
tooth (Figs. 1b, 2a, 3b). In the third and fourth
teeth, ;[Pol] and ;[Pol] respectively, the grinding
surface is expanded. The denticles are increased
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in number and are distributed not only on the
margins but also on the grinding surface (Figs.
2d, g, 3c,d). The fifth tooth, ([Poll, is similar
to the preceding tooth in shape. However, they
group up in size. The denticles are increased in
number and are distributed on the whole grinding
surface (Fig. 3e).

The first and second teeth at the position Ce0,
o[Ce0] and ,[Ce0] respectively, are recurved and
conical (Figs. la,b, 2a,b, 4a,b). The third
tooth, ,[Ce0], bears a broad grinding surface with
a hook and denticles. The denticles are dis-
tributed on the margins of the grinding surface
(Figs. 1b, 2b, 4c). The fourth and fifth teeth,
s[Ce0] and 4[Ce0] respectively, bear a very broad
grinding surface with a hook and many denticles,
and grow up in size. The denticles are distributed
not only on the margins but also on the whole
grinding surface (Figs. 2e, g, h, 4d, e).

The first tooth at the position Anl, ,[Anl], is
recurved and conical (Figs. la, 5a). The second
tooth, ,Anl], bears an obscure grinding surface
that has some denticles on the margin (Figs. 1b,
2¢, 5b). The third tooth, ;[Anl], bears a grinding
surface with a hook at the tip and some denticles
on the margins (Figs. 2f, 5¢). In the fourth
tooth, ,[Anl], the denticles are increased in num-
ber and are distributed on the whole grinding
surface (Figs. 2g, 5d). The fifth tooth, JAnl],
bears a very broad grinding surface with a hook
and many denticles (Fig. 5e).

The first and second teeth at the position An2,
J[An2] and ,[An2] respectively, are recurved and
conical (Figs. 1b, 2¢, 6a,b). The third to fifth
teeth, {[An2], j{/An2] and ,,[An2] respectively, are
conical, but the apex of the teeth are not recurved
as in the preceding teeth (Fig. 6c, €).

The teeth which are of the adult dentition during
the post-larval period can be identified on the
basis of difference in shape on the fifth to eighth
replacement wave. But the teeth on the follow-
ing replacement waves are not changed obviously
in shape and size, and hence it is difficult to
identify these teeth.

The morphological change of teeth during the
late larval period and the juvenile period. In the
post-larval period, about 18 mm SL, A2-A4
teeth bear a very broad grinding surface with a
hook and many denticles, but the grinding surface
is worn. Al tooth is left just as a conical tooth
(Fig. 7a). It becomes a tooth with a narrow grind-

-

—a — b — ¢

Morphological changes of the teeth at the
position Pol. Scale bars show 20 um. a,
[Pol]; b, 5[Pol]; c, s[Pol]; d, ;[Pol]; e, s[Pol].

Fig. 4. Morphological changes of the teeth at the
position Ce0. Scale bars show 20 um. a,
o[Ce0]; b, +[Ce0]; c, 4[Ce0]; d, 4[Ce0]; e, s[CeO].

Fig. 5. Morphological changes of the teeth at the
position Anl. Scale bars show 20 um. a,

J[Anl]; b, ;[Anll; c, ;[Anl]; d, ;[Anl]; e,

o[Anl].

— a — b — c — d — e
Fig. 6. Morphological changes of the teeth at the
position An2. Scale bars show 20 um. a,
oJ[An2]; b, JAn2]; c, (An2]; d, §[An2]; e,

wlAn2].

ing surface in the juvenile period at 23 mm SL
(Fig. 7b), and bears a broad grinding surface at
35 mm SL (Fig. 7c). At this stage, all the teeth
become the hypophthalmichthyine type.

Discussion

The initial teeth are conical and are later
changed to specialized teeth during successive
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Fig. 7. Scanning electron microphotographs of the
adult dentition during the late post-larval to
early juvenile period in Aristichthys nobilis.
Scale bars show 20 ygm. a, 18.2mm SL; b,
23.0 mm SL; ¢, 34.0 mm SL.

replacements in cyprinids (Vasnecov, 1939; Naka-
jima, 1977, 1979, 1984; Kodera, 1982). Vasnecov
(1939) observed the morphological change of the
teeth in eight cyprinids and one cobitid, and has
made it clear that the teeth are changed from
conical to specialized ones through ones bearing
a narrow grinding surface with a hook at the tip
and some denticles on the margins of the grinding
surface, which is called Leuciscus stage. He used
the changes in tooth form as evidence of phy-

logenesis in the cypriniforms.

In Aristichthys nobilis, too, some initial teeth
at each position are conical, and the following
teeth have the narrow grinding surface with a
hook at the tip and some denticles on the margins.
The conical tooth and the tooth of the Leuciscus
stage appear at the early stages of its ontogeny.
But Al tooth is left just as a conical tooth during
the larval period, and it gets into the Leuciscus
stage in the juvenile period.. The tooth of the
Leuciscus stage is followed by teeth bearing a
very broad grinding surface with a hook and many
denticles at each position. This type of teeth
represents hypophthalmichthyines.

In Cyprinus carpio, whose adult teeth are very
specialized, the teeth are changed from conical
teeth through a complex way. The morphological
changes in the teeth of Cyprinus carpio resemble
those of some fish groups, for example, barbines
and gobionines (Kodera, 1982). In Aristichthys
nobilis, however, the teeth are changed directly
from the Leuciscus stage to the hypophthal-
michthyine type, and their teeth become highly
specialized. The morphological change of teeth
in this species is simple although their teeth are
highly specialized.

We think that this phenomenon gives a hint on
the evolution of the hypophthalmichthyine teeth.
Their teeth were evolved directly from some
leuciscine type and become highly specialized.
Their teeth do not have affinity to gobionine and
barbine teeth. This is also supported by the
evidence that their larval dentition is of the C-
type. This type of the larval dentition occurs in
cyprinines, leuciscines and danionines, and never
in gobionines and barbines (Nakajima, 1984).
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QM BEFE VL CETIRRICE I S REARDOH
REZAt
FEERX X B
2 VVOREEFO AEELEE BRT 5L, B
DEVNEIXBEDOLOTHE, Z0OZ b, KED
fFaERiE, CEThs, Lo T, HROOEMSHED
hBAE, Celd X, RAEROME A3 xiET 5.
EMNBORZRPOWET, MHfEETHB., TOHRBERILZRIC
LoT, MEBPFREIECREAELOHICED B,
TOWHE, vA VAR ABRBELIETH, 24 BAHOT
BICEBHICROA B LD TH S, EbiT, HIKEHE
BIERL, PEEORIPBELTY L, Zo/hEiEiE, )
AEOBE» Y TREAEL, RAELEKIRELDh S, Z0
WX, VX AHARRAEOLOTH S, BEIRRER
fELTv3icdbr22bb ¥, 227 vk, BEiikiH
BE~THERBEMRSEL., 20z i, vU¥ s BRA
FOREREEEFTLTVS L5 ICEX 3,

(B 501-02 ir RRAHEFEREI AR IR KFEHE
s % hEMILEREN PEBERKEEDDITRT)
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