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The Appearance Pattern of Tooth Germs in the Round Crucian Carp,
Carassius auratus grandoculis

Tsuneo Nakajima

Lake Biwa Museum Project Office, Shiga Prefecture Board of Education,
4-1-1 Kyomachi, Otsu 520, Japan

Cyprinid fishes generally replace their teeth alternately and cephalad. The larvae of Carassius auratus
grandoculis also replace their teeth alternately and cephalad, in a pattern of 4-2-3-1-. However, adults of
Carassius species replace their teeth from anterior to posterior, in a pattern of 1-2-3-4-1-. So I analyzed
the appearance pattern of tooth germs in larvae and juveniles in Carassius auratus grandoculis. At stage
5 of the post-larval period, developmental difference is made between both sides. In the pharyngeal
dentition on one side developing poorly, the anterior tooth on the fifth replacement wave, tooth ,[An2]
appeared later than the central teeth on following replacement wave, tooth s[Pol]. Moreover, the anterior
tooth on the seventh replacement wave, tooth ¢[An2], appeared later than the central teeth on the
following replacement wave, tooth ;[Pol], on both sides. The reverse of tooth germ appearance between
anterior teeth and central teeth makes a change of replacement pattern from 4-2-3-1-4- to 1-2-3-4-1-. The
change of replacement pattern is caused by the confusion of tooth germs of anterior teeth on both sides.
Mylopharyngodon piceus and Cyprinus carpio make a change of replacement patterns in the early juvenile
period, too. This change of replacement pattern may be a specialized character among the subfamily
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Cyprininae.

I A BHEEOMWIRE R EEEE L THISKTRT 5%
HEHETH B, TOH S — i3 1 DB EDOAMBICHE
H SENC[E - TIRA ICHEREAT N, ZONEIC, BREtkDs
% 7% 4 % (Evans and Deubler, 1955; Nakajima, 1979;
Nakajima et al., 1981, 1983), Z®D/¥% — {3, Edmund
(1960, 1962) 7R L 1z, ZHEHEOBFHEEIT—AIC
Rohd6DThHB. LI AH, 7+ Carassius DL
T, —Hoa M HEHEEIRT BRI, SEIC
[ - CTlEicB N, ZoOlc#sk#d 5 (Nakajima et
al., 1986). LA L, {FEO®HICIE, ERIEZ1 >EBE X
DRLE D SHIICE » THI S (Nakajima, 1984), {F
B SR TORH Yy — v OFEALD & DB
EDEHICLTEZIDIEELEDDL>TWRWL, £C
T, COBEEAHSHICT 51201, FaHD» SRR
WK COREMDHB s — %28 L S RIr L 12,

m#LHE

fEHTICH W2 = 3o 7'+ Carassius auratus grandoculis
i3, BEEEWHEATEN O =50 7+ OEIRD & - 12 7KH
DREMT, 977D 6 Ah S 7T Rich i THRES NIAF
HETH 5. BARIRL<Y v 10% KEKTEE, FF
L7,

Fv= ) VIKBROPTRESh TV EFRA%,
1% KOH THEMILL, 7YUH) YLy FSTEREL
fo. WHEEE, EEHE, BLOEKEEBOKMAGE &b
ICEEER A SHLD 139°L, 100% 277 &) vHICREL,
Bt L, AV ERR, EEE 6.3mm »
5 12.5mm £ TOFHEA 0 EETH 5. HBEERER,
Yhigh S BROKIRE T, &5V TREEE (hypurals)
DE%IRE TEETRIL 2.

FAPYRE 13, Nakajima (1979) 12 L85\, (FRE% 7
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Fig. 1. Development of the larval dentition in
Tribolodon hakonensis (after Nakajima, 1984).

BRECXS L, B &2 0008 AR - TV A {F&ET
B, BERE3IHS T ETHINHEIRINS O, EELE LT
BERATH 3.

FROBIFERICEET 5 RE

e D FE D> W T OHE, Nakajima (1979,
1984, 1987, 1990) %> Nakajima and Yue (1989) 7Z &ic L
tedsShs, BIESEESOTHBICEEL THL.

74 BB ONEEE R, (FRIERERIALIE TR
OEFIOEALE EICKELBVDH 5, FRIPOHIHEE
i3, RAEEOEEAIERARICEH N, AR OREENRED
& T 2RICHEARICEE § 5. TOBE, EHFIOW
GAF & 15 > T3 (Fig. 1). Nakajima (1979) i3, Th
A% (larval dentition) &IEYY, —fEOER THRE
SN A HEAEN R A A% (adult dentition) &FEA TX
BIL e, —Hic 2 4 BESHOHERR R, FRIHDOK Y
HoHEHOTDICH T, FRESRD SEAERICE
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Fig. 2. Formation of the minor row in Tribolodon
hakonensis (after Nakajima, 1990).

Fig. 3. Appearance and distribution of larval teeth
in cyprinid larvae (after Nakajima, 1979).
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Fig. 4. Appearance of tooth germs in cyprinid (left) and cobitid and catostomid (right) larvae and juveniles

(after, Nakajima, 1987).

% (Nakajima, 1984).

REERICE B, HHESIORAERE b2 31 HA
HTR, FREREIHIREORIT| OEMSARICEHN
25 % 28 4 3 (Fig. 2; Nakajima, 1979, 1984, 1990). <
ORI OHIAERIE, EHBRAG-1ch, HIEEEH
BEALRL 10T 5, F1z, WIRE bBRAKOH
BETEAMLE L > TV B, BYDORIFIE O HEKEHHR
N, BFIHTERE WEREERNSTRT2ETOIDOLD
IREE D IREAM % % BT % (transitional dentition) &
FEA T\ % (Nakajima, 1979).

IABBRETE, bl bESELISIC1I2BEZD
Rt h SHICH » THEAEN S, CoR—tHRoOME
AHEE BB I 23 (replacement wave) &L,
BB EEAL B2 RBEESTERMLEVI KD
i, EENLC R B A & AHALICE A B HTAKH]
BEORBEICE NS, CORBICHNZEHOKWB O
DEEFICEICEET 2D T, (FRERIEHTIEL5.
* » € 03 Gnathopogon caerulescens 73 & —fkD 3 1 F}
BT, Tty - VHEREROFET I EDF 5]
Hhh, 42-5-3-14- VS EPTHEIIMT S, Lic

Table 1. Four types of cyprinid larval dentitions according to variation of anterior tooth appearance.

Teeth appeared and tooth position

Teeth appeared and tooth position

Type in the adult dentition Type in the adult dentition
A-type C-type
AS A4 A3 A2 Al A4 A3 A2 Al
o[Ce0] o[Ce0]
1[Pol] i[Anl] 1[Pol] 1[Anl]
,[Ce0] ,[An2] ,[Ce0] ,[An2]
3[Pol] 3[Anl] 3[An3] s3[Pol] ;[Anl]
4[Ce0] s[An2] 4[Ce0] +An2]
s[Pol] s[Anl] s[An3] s[Pol] s[Anl]
s[Ce0] s[An2] s[Ce0] s[An2]
,[Pol] 1[Anl] ,[An3] ;[Pol] ;[Anl]
s[Ce0] s[An2] s[Ce0] s[An2]
B-type D-type
AS A4 A3 A2 Al A4 A3 A2 Al
o[Ce0] o[Ce0]
1[Pol] 1[Anl] [Pol] \[An1]
2[Ce0] 2[An2] 2[Ce0]
s[Pol] s[Anl] s[Pol] s[Anl]
+[Ce0] +[An2] 4[Ce0] (An2j
s[Pol] s[Anl] s[An3] s[Pol] s[Anl]
s[Ce0] s[An2] s[Ce0] s[An2]
,[Pol] 7[Anl] 7[An3] ,[Pol] 1[An2]
s[Ce0] s[An2] s[Ce0] s[An2]
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Dentitions of 40 individuals of Carassius auratus grandoculis observed in the study. Symbols: circle, ankylosed teeth; cross, shedding teeth; numbers,

tooth germs in order of development.

Table 2.
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Teeth and developmental order of tooth germs

Standard

Stage Side

length

(mm)

i[Anl] ,[Ce0] ,[An2] ;[Pol] ;[Anl] ,[Ce0] ,An2] s[Pol] s[Anl] [Ce0] ¢[An2] ,[Pol] ;[Anl]

[Pol]

o[Ce0]

NN AN~ O~ O NN e (] N -

N A~ =~ ~a~acd—~— Oaa~0a0aa—a—

NN~ == —~0000000000000O0O0O0OOOOO000O

N aa—~—~000000000000000O00000O0 OOO0OO

N == —=—=00000000000000O0O0OO0OO0OOOOO0O Ox

~—~00000000000OO0O OOOOOOOOOOO OxXx0O0 Ox

OCOO000O0OOOOOOOOOOOOOOOOOOOOO OOOOO O

0000000000 0000000000000 OO

00000000 OOOOOO0OOO OOOOOOO0O 0O O

00000000 00O

fz

PR AR VAR PR PR PR PR PR FYAR FAR R PR PR FUNE PUNE PUNE PN VR
< < <t < sl gl s} s s} s} s} s s n s o =] =
[ag) < g} ~ (o] o < oo (=)} [=) — o~ o o ~ oo 0 (=)
v=) N-} =} M=) ~ ~ ~ ~ ~ o0 oS o5 o6 oS o6 ] oo =)
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9.4
9.4
9.8
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10.0
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10.5
10.5
10.6
10.8
10.8
10.9
11.1
11.6
11.6
11.9
12.2
12.5
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Fig. 5. Appearance order of tooth germs in Carassius auratus grandoculis. There are two patterns, one for the
dentition developing more rapidly (left) and the other for the dentition in which the development is

retarded (right).

DT, REEROETL, HEHOWREOE THKS
NTLEHIT, EVRZBE 5L, EEFIOES R,
W E1FIEA TY Bicd &7 (Fig. 3; Nakajima.
1979).

FIZBEICR 1 EOAMPERNS, COALE% Ced &
5. T K DRIDONLE ZFIC[ID - THEIZ, Anl, An2,
An3, ---, BOLE &%l - TIFIC Pol, Po2, Po3,
s, &AL 2L, IAREEITI Po2 LIBOALE I
BRENY, FYav94 .y #—BTIR A2 IBEO%K
RENL L (Fig. 4; Nakajima. 1987). mi#&icd@d 3 Po
1, Ce0, Anl @ 3 D DHLE D% R (central teeth) &
WH, IS ICHNZhRE L DATOAME (An2,
An3, ---) D%, RBiAtE (anterior teeth), N 3 o+
o —BoscBHNBhRE X D KRDOAIE (Po2, Po3,
-+-) D%, %58 (posterior teeth) &IFFE3s, I 1 Bl
BRI L > TEHARAESRE o0, [FRERICK
SUMERTV, B, PREOHB vy —vicidE-
1K ERPAONT, RIAHICOAERMSRONS, T
DERICE-T, FRAERIA»SDRD4I->DY A
FIZRF SN TWS (Table ). 72, KAERZRTHIO%
Hid, Los4 7OFRESRE bOhICk > TRES N
% (Nakajima, 1984).

FREROM[E L O3, (L& (1) &M (n) Ic&k -
T, oaailr] VIR TRIHES N S (Nakajima, 1984). 7:
EZE, o[Ce0] XBFIDH, D F D, (I Ce0 DE 1733
BMEOETHSE. COBSRRAEZOHEICHHZ 3
P, —RICRRRER T, fitRBodch 2hRIET
ERAAN

s 3

R 6.3mm DAL S, WHiEE & WEEE 7 ) &
) ve Ly FSTHRBEINIKL T DEE [CeO],
1[Pol], ;[Anl], ,[Ce0] @ 4 A9 Tic, MfllE bFICE
EHLTW, 51T, ,[An2] & 4[Pol] @ 2 > DHEHHS
Bont, 2208 TIHE, [An2] OADBRELTL
fz. HEH¥E 63mm » S 12.5mm F TO 40 FH{&ic> W
T, 'HEAMZ DIRAEE Table 2 IR L 7. MfllE & An3
OB ICEHENT, An2 ORFIOHE ,[An2] TH S
ZEMDS, FAMEFEIE, Nakajima (1984) DR L7 &
B CHRITH 5.

RO HBNER (3, ,[Ce0] $TD 4, 7+
Yoy FSTHIDTREINIEER 6.3mm DK
T, $TREBFLTCV-0T, B HHEIERF %M
B EMTER Y, LI L, 974 Tribolodon hakonen-
sis E—RED a4 HEEDH| (Nakajima, 1984) 55,
o[Ce0], \[Pol], ;[Anl], ,[Ce0] DIATHELABE NS &%
ZAoh3d, EBEE 6Tmm £ TO4fKIcOVWTIR, £
BXFRICELES LERSR oSN, £1, 20K
DFERRE» & R T L sk b SANCE] » THFRAS
Bhaleinbhsd, EER 72mm LLEoMEEGe
D53, EEROIRE, BHROKE L, EHRAIDOHEEH
HRICHREEFEOMHENR SN, 22 ikTI3ERAIC, 14
BERTIRARNIC, WEEROREREICENNELTH
. BRNTOLBRAITE, 55 BEORTA M J[An2] O
D HERSEN, RE DR D%A O s[Pol]
EHE LT Wi BWIKEETE, @AlE RIS HE
s[An2] OEROHBIENDSAEL, REDHBE DR
FHohip ,[Pol] &¥EE LTz,
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FRERDOEROME <y — v %, EHEOHBIERFH
HIMTT & 35 4 THELIBEIC W T, BRAKROMET
KB LTH 5. Pol BELAMRD A4, Ce0 A3 A3, Anl A3
A2, An2 25 Al OB ICHMT 355, FEORVHE
T3, 4-2-3-1-4-2-3-4-12- DJFICTE D, BhATLBHAIT
(2, 4-2-3-4-1-2-3-4-1-2- DIFEICTE > TV B, 5 1 HE D
SEIMBEE TI], 34231 THBEEDLNLBZDT,
W E FDIE 1 DBEXICEL SHICEL D09 — v
(4-2-3-1-4-) THEAM]L, FiHE (A2 OALE) DEN
Do, IHICHI» STICED D /Y5 — v (1-2-3-4-1-) I
E-TWb I EMbh b (Fig. 5).

E =

AEOFANERIT, EAHES CRITH B, BHE
7.2mm P EOEETE, HWHEEROREOEEDEIC
BOTEARMFRCI > TW5, IHEAEROREDIEE
DELTRILBHE, v 714 THISN TV S (Nakajima,
1990). ¥ 7' 4 OFERERIZ, ZERICIE ;[An3] A5V D
R, GRNCIE [An2] & An3 ORIB O EAEN IV BEY
@ B-D BO{FfaE%R% > (Nakajima, 1990).

& T A T, Edmund (1960) O B %] 3t (Zahnreihe
theory) =Xt L, Osborn (1971) &, 4L o2 b 5 ik
BIREDOHERDOFAEZIET 5 & WS PHES (inhibition
theory) 2218 L7z, BHESIC L oSS, w710
BT ,[An2] ¥ ;[An3] BEAKL VLI EIF, £OEKOR
BEOERHBECICHNS &2 EKT 5. HE, WiE
R DFIEFLRMAE  (Nakajima, 1990), FKAEET
SERDH D EDOIEEE DL 18 > TV B (Nakajima
et al., 1983).

=T 7FOEE, VA EE-STEANITHET 5
EIcEOLAEV, LA L, BEE Tmm < 5V OEHIC,
FER@EHES LTV, EAHlowTF Lk
JAn2) OEMERESE S, ficEHN K [An2] OEIE
DEENRIC B LT, RMHD J[An2] OEMHDFH
HABOHDIOTREBEVOEEZOND., TOEE, R
ErBNIARITIE, EROHBIERF A EELL, s[Pol]
MBIECHNB L3, BNTEN: J[An2] O
MR8 n, SEEH, BSRESEATOL AN
bB LY, ([An2] & ,[Pol] DRICHEEEET T LTW
3. CDEIHICLT, HivoBANFEICEBESENS
§—UNTEHDD., VELURHINSKICE D EHOH
By —vTESMNEE, 20RIBEDIEFIC LM
ST LD, BAIKBLWTHZD/ Ny -V IIELK
A%

DX, HirLKRICHI KB Ty —VICELH
i, ABOficbHISNTWS, 74 Y% Mylophary-
ngodon piceus T3, AATHET 2EITEVLHY, F
BEREIDARTHS (FE - %, 1990, HARE¥YR
FEBEFELEHEES). L ->T, EAIC ,[An2]
s[An3] BB VOT, BESKHBE» SEKEOBEN S
B Ef L 68155, 2R, EfOWIEESR
DRENVENTL 5. &I, RIAKDOE S Ko
JAN2] i, REDKHBE D2 >DHRE, [Pol] &
s[Anl] LR LTV B, ARITHE T RIBEOFIH
J[AN2] A%, REDORHFE D2 >DhRiE, ,[Pol] &
J[Anl] EWERL TW3, Z0%, WlE bETHEOHBE
DENGEFELLRY, —OIIBEBAEERT S/
§—vOXWmELODAT (hE -« %, 1990). AL 7
AU ATRONBIFHAEOHHDOEN L, RE DK
Ok DR, EGRIOFIHOEDRES SIS
Lo THMST BT EMNTES.

X 51T, 34 Cyprinus carpio THIHE 5 — v HsHERA
HicE->Tw3, a4/ offAERIE, =FTo7FLEL
C-CBIT, ik (tooth family) ¥4s4 TH by, RADE
SRk 3 &—F L7\ (NI, 1982; Nakajima, 1984).
Pol OALEDOEHE 8 K <D 4 HROBIIHET
305, 510 s SEEAEA LW UNFF, 1982) H
5THB. NF (1982) Ic i, B2 XHBE,LSEIXR
B TOEROHBRIEF I, 4-2-3-14- L0 1 D&
EDOBRDLSAINA 1289 — v THY, BIHHELI S
i3, 3-1-2-3-1-2-3- &30, B SEANEVSNEICE T
W5,

a4 ERHCEYONEEEZONETA YA (TG -
#,1990) a4, 7FBICBVT, WIABE DM/ vy —
YHFIMSHRICESEMEFEHENS, oIz A
WRAROLEDRE TH 2 aJhEMNH 5.

# i

BEADREICH > T, BRI - 7 3EERHES
BT ORES, BOIEHRICRELAD TERRAOE
k7 5.

51 B X ®
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