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Fig. 2 Morphological development of pharyngeal teeth
(Body length: a 6.3mm, b 6.8mm, ¢ 10.6mm, d 14.0mm, e 20.8mm)
1—2 Anterior limb, 2—4 Posterior limb, 1—S5 Anterior edentulous process 4—6 Posterior
edentulous process, 2 Anterior angle, 3 Posterior angle, p Pitted surface
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Tab. 1 Development of pharyngeal teeth and horny pad in relation to day after
hatching and body length in the black carp
W %O A h #® KE® (mm)
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t BE® 6.3—6.5 6.8—7.0 3—4
v &® 1,2/2,1 EEER FERRK 6.3—17.4 6.7—17.8 5—6
% gt | 33 | PE | v PR 23| siaee | 89w 78
% BTR 4/4 |0.21—0.31 2.0 | 0.21—0.29 2.0 |10.3—12.0 | 11.0—13.4 | 9—11
@ EIR 4/5 |0.69—1.12 3.8 {0.67—0.90 3.7 |18.0—20.0 | 22.2—25.0 | 14—18
& EAuild 4/5 | 1.40—1.42 5.6 |1.20—-1.26 | 4.8 | 24.9—26.5 | 31.0—33.8 | 26—29
g HAR 4/5 |5.50—8.70 | 6.0 | 4.40—7.30 | 4.8 | 91.0—132.5(113.0—161.5 124 DAY
& B 4/5 11.00 5.8 9.00 4.8 189.0 228.0
® | mEr 4/5 14.00 4.9 11.80 4.1 286.0 330.0
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Fig. 3 Original teeth (body length 7.4mm)
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Fig. 4 The first generation teeth (body length 10.6mm)
a, original teeth: I,—I, the first generation teeth
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Fig. 5 The second generation teeth (body length 12,0mm)
a. original teeth: I, II and III the first, second and third generation teeth
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He6 H=ik (ki 18.4mm)
Fig. 6 The third generation teeth (body length 18.4mm)
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Fig. 7 The fourth generation teeth (body length 30.0mm)
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Fig. 8 The fifth generation teeth (body length 91.0mm)
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Tab. 2 Enamel of pharyngeal teeth of black carp and the hardness of the snails
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W 75 115 155 195 RE N *
Hardness
£40 192.6 284.7 289.5 289.7 312.0 228.2 228.3
XLy +-64.5 +1.9 +47.5 +23.8 +31.4 +43.3 +42.6
n 5 3 4 3 7 5 6
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Fig. 9 The third and fourth generation teeth (body length 22.6mm)
showing the fixation of the pharyngeal teeth (IV,)
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POST-LARVAL DEVELOPMENT OF THE MASTICATING APP-
ARATUS OF BLACK CARP MYLOPHARYNGODON
PICEUS (RICHARDSON)

Liu Huanliang Li Hua and Zhai Baoxiang
(Dalian Fisheries College, Dalian 116024)

Liu Wei

(Heilong River Fishery Researck Institute, Haerbin 150 010)

Abstract

The masticating apparatus. (the pharyngeal teeth and the horny pad) of black carp is
formed gradually during postlarval development. The pharyngeal teeth grow on the phary-
ngeal bones on the bottom of the posterior pharyngeal cavity, while the horny pad is situated
on the roof of the cavity, opposite to the pharyngeal teeth. The development of the pharyngeal
teeth can be divided into three stages, i.e., original teeth, transitional teeth and fixed teeth.
The original teeth have only one generation, with a dental formula of 1,2/2,1. The transitional
teeth have three generations, and the dental formulae are 3/3, 4/4 and 4/5 respectively. The
fixed teeth have several generations. During the first year, there are two to three generations
with a dental formula of 4/5. The pharyngeal teeth are changed several times in the life-cycle.
During the first year, the old teeth are displaced by the new ones repeatedly (five to six
times). In each generation, the rate of change is higher in the earlier stage than in the latter
stage. The teeth are changed one by one and alternatively from either side. When an old
tooth is thin, absorbed and dropped, it is substituted by a new one. The fixed teeth have
typical structures of enamel, dentine, pulp, pulp-cavity and cement. The horny pad appears
later than the pharyngeal teeth and is composed of three layers: cuticle (outer layer), granular
layer (middle layer) and germinal (basal) layer. The thickness and strength of the horny
pad increase with the growth of the animal.

The development of the masticating apparatus is closely associated with changes in the
feeding habit. At the original teeth stage, the masticating apparatus is not capable of mastica-
ting food and the fish changes from heterogenous feeding to zooplankton-feeding. At the
transitional stage, the apparatus has weak ability to masticate food and is not capable of grind-
ing; the diet of the fish changes from zooplankton to benthos like chironomid larvae. At the
fixed teeth stage, the apparatus is capable of masticating and grinding benthic animals with

shells, i.e. snails.

Key words Masticating apparatus, pharyngeal teeth, Horny pad, Developmental bioclogy
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I m W, o REE: 3. BEEHE(KK 6.2mm) X 132, RGHELER, a B8k, b BHME, c.
Yo, d. MREGREMIE; 4. BERERAVIHUAK 6.4mm) X 100, FREIELEK, a. iFk, b. e, c. 1@
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1. horny pad (Body length 123mm) X 40 (scanning electron-microscopy); 2. cross-section of the
posterior pharyngeal region (Body length 24.0mm) X 100, showing the position of horny pad and
pharyngeal teeth. a. horny pad,b. pharyngeal teeth c. developing teeth; 3. cross-section of the po-
sterior pharyneal region (Body length 6.2mm) X 132 showing the structure of dental germ, a. de-
ntal papilla, b. enamel organ, c. dental follicle, d. cartilage cell of pharyngeal bone; 4. longitudi-
nal-section of the posterior pharyngeal region (Body length 6.4 mm) X 100, showing the structure
of original teeth, a. dental papilla, b. enamel organ, c. cartilage cell of pharyngeal bone; 5. cross-

section of the posterior pharyngeal region (Body length 8.0mm) X 100, showing the structure of

first generation teeth, a. enamel organ, b. dentine, c. dental pulp, d. cartilage cell of pharyngeal

bone; 6. third generation teeth (right) (Body length 20.0mm) X 20 (scanning electron-microsco-
py), a. the undropped second generation teeth
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7. EMEX BT (R 21.0mm) X 16 RE=RELH: a. M, b. W, c ik, d. Pi, e
8. PR ER(fR4 31.5mm) X 14 (H#); 9. PRSIk K 24.0mm) X 50, a. Hliffi, b. i, c. th
fffs 10 [EE BKNEIIE, RUGH SRR A, a. tifks b By 114K 5 (K K 20.0mm) % 20
(), w4 1V, BEEE: 12. MFHRGEAK 15.5mm) X 80 (), A BEME; 13- 50X ) E(k
K 21.0mm) X 25, FRMEHELEH, 2. MR, b. W, c K, d. G 14, S X B

(fkf 57.0mm) X 10, ;RAFRBLH, a. AFE, b. AR, c.
7. cross-section of the posterior pharyngeal region (Body length 21.0mm) X 16 showing the str-

ucture of third generation teeth a. enamel b. dentine c. dental pulp d. teeth root e. pharyngeal
bone; 8. the fourth generation teeth (Body length 31.5mm) X 14 (scanning electron-microscopy);
9, the structure of the fourth generation teeth (Body length 24.0mm) X 50 a. enamel b. dentine
c. dental pulp; 10. longitudinal-section of fixed type teeth: showing fixing in bone connected

by teeth root and pharyngeal bone a. teeth body b. teeth root; 11. the third generation teeth

(Body length 20.0mm) X 20(scanning electron-microscopy), showing the fixing situation of right

IV,;12. horny pad (Body length 15.5mm) X 80 (scanning electron-microscopy), showing two
dense groups; 13. cross-section of the posterior pharyngeal region (Body length 21.0 mm) X 25

showing the structure of horny pad a. cuticle b. middle layer c. basal layer d. connective tissue

of upper palate; 14. cross-section of the posterior pharyngeal region (Body length 57.0mm)¥% 10

showing the structure of horny pad a. cuticle b. middle layer c. basal layer




