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diameter of 8.6 cm.
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Table I Shell width, total weight, and sex ratio of 30 mature shells in the 3 treatments

Date Treatments Shell width (mm)  Total weights (g) Sex ratio (#:98)
Temperature stimulation 73.3+6.7 162.4 £ 49.5 18:12
Desiccation stimulation 72.9+6.6 155.5+54.4 16:14
21 April, 2003
Temperature + desiccation stimulation 725+6.9 161.8 £ 54.6 15:15
Control 74.7+5.9 172.4 + 49.3 14:16
Temperature stimulation 73.3+5.0 147.0 £ 37.3 16:14
Desiccation stimulation 73.1+6.5 151.2+484 11:19
8 May, 2003
Temperature + desiccation stimulation 73.0+5.7 151.2+43.9 15:15
Control 73.0+5.9 1489 +42.2 16:14
Temperature stimulation 75.0+3.3 173.2+27.9 18:12
Desiccation stimulation 73.6+27 164.9+19.1 16:14
15 May, 2003
Temperature + desiccation stimulation 74.0x3.1 162.5 + 18.6 15:15
Control 74619 168.8 £ 18.1 19:11

*Shell widths and total weights between treatments in each date of experiments do not significantly differ by one-way

ANOVA analysis (p > 0.05).

**Sex ratios between treatments in each date of experiments do not significantly differ by Chi-square analysis (p > 0.05).
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Fig. 2 Response of spawning and milt-oozing in the top shell on 21 April 2003. (A) Temperature stimulation; (B)
desiccation stimulation; (C) combined method of (A) and (B). — O — Water temperature; — ® — male; —A— female.
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Table 2 Results of induced spawning in the top shell on 21 April 2003

Rate of milt-oozing and

Total number of eggs

Number of eggs per

1 spawning (% i 9%)3
Treatments ; p g ( 0; spawned (x1097  female spawned (x10°) Survival rate (%)
TS 100.02 38.72 2713.6 £111.82 387.7 £16.0% 71.0+7.92
DOS 35.7° 0 0 -

TS + DOS 88.2°2 30.82 576.0 £ 69.9° 144.0 + 17.5° 72.0 +5.3?2
Control 0 0 0 -

TS: temperature stimulation; DOS: desiccation stimulation.

2Values within each column with different superscripts significantly differ (p < 0.05).
SSurvival rate: calculated from the fertilized egg to the veliger stage.

Table 3 Results of induced spawning in the top shell on 8 May 2003

Rate of milt-oozing and

Total number of eggs

Number of eggs per

1 spawning (% i 9%)3
Treatments ; p g ( 0)ga spawned (x1097  female spawned (x10°) Survival rate (%)
TS 0 6.3° 0 -

DOS 63.22 5453 1722.2 + 209.82 287.0+£35.0? 79.6 +7.4%
TS + DOS 40.0% 26.7% 459.2 + 73.0° 114.8 + 18.3° 80.6 £6.12
Control 0 0 0 -

ITS: temperature stimulation; DOS: desiccation stimulation.

2Values within each column with different superscripts significantly differ (p < 0.05).
SSurvival rate: calculated from the fertilized egg to the veliger stage.
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Fig. 3 Response of spawning and milt-oozing in the top shell on 8 May 2003. (A) Temperature stimulation; (B)
desiccation stimulation; (C) combined method of (A) and (B). — © — Water temperature; — @ — male; —A - female.
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Table 4 Results of induced spawning in the top shell on 15 May 2003

Rate of milt-oozing and
spawning (%)

Total number of eggs

Number of eggs per

Treatments* spawned (x10%?  female spawned (x10%) Survival rate (%)’
3 %

TS 75.0° 61.1° 2572.8 £214.2% 233.9+19.5° 54,7 + 8.5°

DOS 92.9% 56.3% 2726.4 £ 184.4% 302.9 +3.8% 72.0+6.2°

TS + DOS 80.0% 80.0% 2387.2 £127.22 198.9 + 2.5° 61.0 £6.1°

Control 63.6% 52.6° 1881.6 +242.0° 188.2 + 3.1° 52.7+4.2°

TS: temperature stimulation; DOS: desiccation stimulation.

2Vvalues within each column with different superscripts significantly differ (p < 0.05).
3Survival rate: calculated from the fertilized egg to the veliger stage.

Table 5 Embryonic and larval development of the top shell at 25.8 ~ 27.5 C

Stage and size

Time after fertilization
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Complete formation of larval shell (beginning of the veliger stage)
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Metamorphosis

10 min

40 min

60 min

1 h 20 min
1 h 40 min
2h

3 h10 min
4 h 50 min
8 h 40 min
9 h 40 min
17 h 40 min
18 h 50 min
35h

(settlement, loss of swimming cilia, and initiation of creeping, 335 x 240 pum in size)
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Fig. 4 Response of spawning and milt-oozing in the top shell on 15 May 2003. (A) Temperature stimulation; (B)
desiccation stimulation; (C) combined method of (A) and (B); (D) control. — © — Water temperature; — ® — male;
—A-female.
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Fig. 5 Embryonic and larval development of the top
shell. A: Fertilized egg (animal pole); B: fertilized egg
(vegetable pole); C: 2-cell stage (animal pole); D: 2-cell
stage (vegetable pole); E: 4-cell stage (animal pole); F:
4-cell stage (vegetable pole); G: 8-cell stage (animal
pole); H: 16-cell stage; I: blastula; J: gastrula; K:
hatching; L: veliger larva.
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Induced Spawning and Embryonic Development of the
Top Shell, Tectus pyramis

Kim-Jung Lin", Tung-Pen Chen, Ting-Shih Huang and Wann-Sheng Tsai

Penghu Marine Biology Research Center, Fisheries Research Institute

Abstract

The top shell, Tectus pyramis, is one of the most heavily exploited marine gastropods in the Penghu area,
Taiwan. Experiments on induced spawning of this species were conducted in this study to establish a technique
for mass seed production and stock enhancement. Mature shells were collected from the Penghu area. The
effects of temperature, desiccation, and their combination on induction of spawning were studied. Results
showed that the 3 methods were significantly effective at induced spawning. The combined method had no
significant extra effect as compared to the other 2 methods. Fertilized eggs of the top shell are granular, spherical,
green, and demersal, with a mean diameter of 252.0 + 4.8 um. The first cleavage occurred at about 40 min after
fertilization at a water temperature of 27.1 °C. The second cleavage occurred at 60 min, and the third cleavage
occurred at 80 min after fertilization. In the third cleavage, there were 4 bigger, white cells at the vegetable pole,
whereas there were 4 small, green cells at the animal pole. The cells in both the vegetable and animal poles
individually symmetrically cleaved. Prototrochal cilia appeared at 4 h and 50 min, and the trochophore stage
developed at 8 h and 40 min. The formation of the larval shell in the veliger stage was at 17 h and 40 min.

Metamorphosis to become a crawling larva occurred at 35 h.

Key words: Tectus pyramis, induced spawning, embryonic development.
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