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Fig. 1 Relationship between body length (cm) and
body weight (g) of female, male and immature of
Amphiprion frenatus. X = total length, Y = body weight,
N =29.

Table 1 Body weight and body length of A. frenatus
caught from the wild

Sexuality
Items
Female Male Immature
Number 10 17 2
Weight (g)

Mean 40.65+13.73 23.42+9.70 10.72 +0.16

Max 67.15 49.75 10.83

Min 20.44 14.62 10.61
Length (cm)

Mean 11.14+1.12 9.39%x1.22 7.45+0.07

Max 12.7 11.7 7.5

Min 9.5 7.7 7.4
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Table 2 Spawning records from a pair breeders of A. frenatus in 2006

Spawning Hatching
SpNa‘c')V.n?:]g Date Time inissvz\alr(lggy) Date tutinr?nego;ff Days after No. of fry
the light spawning
1 Jan. 02  14:00 ~ 15:10 - Jan. 10 18:00 ~ 19:00 8 486
2 Jan.19 11:10~12:10 17 Jan. 28 18:00 ~ 19:00 9 124
3 Feb.02 10:10 ~ 10:55 14 Feb. 11 18:00 ~ 19:00 9 362
4 Feb.14 12:10 ~ 13:10 12 Feb. 23 18:00 ~ 19:00 9 435
5 Mar. 04 13:20 ~ 14:30 18 Mar. 12 18:00 ~ 19:00 8 496
6 Mar. 27 13:00 ~ 13:50 23 Apr. 05 18:00 ~ 19:00 9 210
7 Apr.22 10:20 ~11:20 26 May 01 18:00 ~ 19:00 9 27
8 May 10 11:30 ~ 12:20 18 May 19 18:00 ~ 19:00 9 144
9 May 25 10:10 ~11:10 15 Jun. 02 18:00 ~ 19:00 8 730
10 Jun. 08  13:00 ~ 14:00 14 Jun. 16 18:00 ~ 19:00 8 385
11 Jun. 21  09:40 ~ 10:50 13 Jun. 29 18:00 ~ 19:00 8 832
12 Jul. 11  16:00 ~ 17:00 20 Jul. 18 18:00 ~ 19:00 7 536
13 Jul. 31 13:30 ~ 14:30 20 Aug. 07 18:00 ~ 19:00 7 985
14 Aug. 24 11:00 ~12:00 24 Aug. 31 18:00 ~ 19:00 7 451
15 Sep. 10  10:50 ~ 11:50 17 Sep. 17 18:00 ~ 19:00 7 682
16 Sep.22 11:30 ~ 12:40 12 Sep. 29 18:00 ~ 19:00 7 937
17 Oct. 06 09:20 ~ 10:30 14 Oct. 14 18:00 ~ 19:00 8 512
18 Oct. 17 10:10 ~11:20 11 Oct. 25 18:00 ~ 19:00 8 786
19 Oct. 28 13:30 ~14:30 11 Nov. 05 18:00 ~ 19:00 8 785
20 Nov. 10 10:20 ~11:20 13 Nov. 18 18:00 ~ 19:00 8 947
21 Nov. 20 16:20 ~17:30 10 Nov. 29 18:00 ~ 19:00 9 -
Average 16.4 8.0 542.6
Fig. 3 30
30 270+ 0.12 mm
28 ~ 58 0~26 (n = 60) 0.96 £ 0.03 mm
7.67 £ 2.40 56.92 + 13.14 1.75 + 0.06 mm 0.04 ~ 0.25 mm
/130 (p <0.05)
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Fig. 2 Spawning behavior of A. frenatus. A, Breeders clean the substrate; B, The genital papilla

(gp) of female was

observed to be protruded; C, Spawning female milt oozing from male; D, Breeders take care the fertilized eggs.

Table 3 A comparison of egg diameter, incubation water temperature, hatching time and fry length among

different species of anemonefish

Eggs diameter

Scientific _ Incubation wa;lter Hatching time Fry length Remarks
name Long Diameter  temperature (°C ) Chr) (mm)
(mm) (mm)
A. frenatus 2.70+0.12  0.96 + 0.03 26.5~27.8 177 448 +0.14 This study
A. ocellaris 2.32#0.10 0.95%0.07 28 ~30.5 150.75 435+0.14 Hoetal, 2007
A. perideraion  1.68~2.18 0.75~0.85 255~28 151.33 3.20~3.80 Hoetal., 2006
A. clarkii 290~3.20 1.10~1.30 26 - 3.90 ~4.70 Chai, 2005
A. polymnus 185~225 0.75~0.85 26.5~27.2 171.92 3.50 ~4.48 Chen, 2003
Table (Morula stage) (Fig. 4E) 16 50
4 Fig. 4 265~278C (Blastula stage) (Fig. 4F) 25 30
34 ~ 35 psu 35 2 (Fig. 4G) 32 55
(Fig. 4A) 1 50 8 (Fig. (Fig. 4H)
4B) 4 32 (Fig. 4C) 4 50 42 10 14 (Fig.
64 (Fig. 4D) 6 20 41) 45 20 (Fig. 4J) 56
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Fig. 3 The parental care behaviors for the ovum occurred times/30 minutes of A. frenatus.

Table 4 Embryonic development of A. frenatus

Durati_on Water 0 Development stage
(hr:min)  temperature (°C)
0000 26.8 Fertilized eggs (Long: 2.70 £ 0.12 mm; Diameter: 0.96 + 0.03 mm; Yolk length:
1.75+0.06 mm)
00:35 26.8 2-cell stage
01:15 26.7 4-cell stage
01:50 26.6 8-cell stage
03:10 26.6 16-cell stage
04:00 26.5 32-cell stage
04:50 26.5 64-cell stage
06:20 26.8 Morula stage
16:50 26.8 Blastula stage
25:30 26.7 1/2 of yolk was covered with blastodisc
32:55 26.7 2/3 of yolk was covered with blastodisc, and embryo appeared
30:30 26.7 Optic vesicles have been visible, 7 somites
42:10 26.8 Optic lens,auditory vesicle ,14 somites
56:20 26.8 Heart beating have started
80:50 26.9 Chromatoplasm have precipitated on eyes
91:40 26.8 Original form of pectoral fin have been visible
130:10 26.9 Heart rate:168~180 times/min,24 somites
165:00 27.6 Chromatoplasm have precipitated on heart,the end of tail have reached eyes
177:00 27.8 Newly-hatched larvae 4.48 + 0.14 mm
20 (Fig.
4L) 80 50 (Fig.
84 ~ 96 (Fig. 4K) 4M) 91 40 (Fig. 4N)
61 55 173 (Fig. 40)
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Fig. 4 Embryo development of Amphiprion frenatus. A: Two-cell stage; B: Eight-cell stage; C: 32-cell stage; D:
64-cell stage; E: Morula Stage; F: Blastula stage; G: 1/2 of yolk was covered with blastodisc; H: 2/3 of yolk was
covered with blastodisc, and embryo appeared; |: Optic vesicles appeared (ov), 14 somites (s); J: Auditory vesicles
formed; K: Optic lens (ol) and tail formed, tail freed from yolk sac; L: Embryo moved spastically, and heart-beat
began; M: The head of embryo turned to the top of egg, chromatophore was visible on embryo and yolk; N:
Chromatoplasm precipitated (cp) on eyes; O: Guanine accumulated on eyes. (b, blastomeres; bp, body pigment; e,
epiboly stage; ep, eye pigment; es, embryonic-shield; ez, evacuation-zone; h,heart; hb, hindbrain; og,oil globule; op,

optic placode; t, tial; y, yolk).

Fig. 5
4.48 = 0.14 mm (Fig.
5A)
24~30°C
1 (Fig. 5B) 560 ~ 720
pm 150 120
~ 150 pm
5~10 /ml 2
3 (Fig. 5C) 5.00 mm

5 (Fig. 5D) 6.25
mm 7 (Fig. 5E) 7.50 mm
9 (Fig. 5F)
7.70 mm
11 (Fig. 5G) 8.68
mm 13 (Fig. 5H) 9.46 mm
15 (Fig. 5I) 10
mm 25 (Fig. 5J) 12.15
mm 40 (Fig.
5K) 19.24 mm 2

90 (Fig. 5L) 30.99 mm 2
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140 (Fig. 5M) 42.45
mm 2
260 (Fig. 5N) 55.57 +
2.91 mm
Figure 6
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Fig. 5 The morphological changes of the Amphiprion 9.39 cm 23.42 g

frenatus at larval and fry stage. A: Newly-hatched larva,

4.48 mm in total length; B: One-day old larva, 4.75

mm in total length; C: Three-day old larva, 5.00 mm in

total length; D: Five-day old larva, 6.25 mm in total (Protandrous hermaphrodites) (Allsop and
length; E: Seven-day old larva, 7.50 mm in total length; West, 2003)

F: Nine-day old larva, 7.70 mm in total length; G: .
11-day old larva, 8.68 mm in total length; H: 13-day (Hattori, 1991,
old larva, 9.46 mm in total length; I: 15-day old larva, 2001) (
10 mm in total length; J: 25-day old fry, 12.15 mm in , 1990)

total length; K: 40-day old fry, 19.24 mm in total

length; L: 90-day old fry, 30.99 mm in total length; M:

140-day old fry, 42.45 mm in total length; N: 260-day

old fry, 55.57 mm in total length.
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Reproduction Behavior and Larval Rearing of the
Tomato Anemonefish (Amphiprion frenatus)

Yuan-Shing Ho'", Sheng-Chung Shih!, Ming-Jong Cheng*, Yu-Ying Jiang", Jia-Hong Dong",
Ren-Chi Lee!, Wen-Yie Chen' and Wen-Been Chang*®

'Eastern Marine Biology Research Center, Fisheries Research Institute
*National Museum of Marine Biology and Aquarium
%Institute of Marine Biodiversity and Evolution, National Dong Hwa University

ABSTRACT

Tomato anemonefish (Amphiprion frenatus) broodstock under artificial environment have ovulated 21
times, from January 2 to November 20, 2006. The average spawning intervals were 16.4 days on water
temperature 24 ~ 30 ‘C. The timing of spawning started from 09:20 to 17:30 with a peak from 10:10 to 14:30,
and the spawning behavior lasted for an hour. About 800 ~ 2,500 eggs were released in each spawning. Those
adhesive demersal eggs were reddish orange and oval with size about 2.65 + 0.32 x 1.04 £ 0.07 mm (Mean %
SD). The yolks were about 1.97 £ 0.34 mm in length diameter and the newly hatched larvae were about 4.48 +
0.17 mm in length. Parental care behaviors mainly carried out by males, for females and males 7.67 + 2.40 times
per 30 minutes and 56.92 + 13.14 times per 30 minutes, respectively. The hatching time decreased with
increasing water temperature. At 7th day post hatching (DPH), the body color of larvae turned to reddish orange.
At 11" DPH the body appears 2 white streaks and symbiosis with sea anemones.

Live feed for the initial larvae stage was rotifer and copepod. In addition, microalgae were added to
stabilize water quality and to nourish rotifers. A fixed feeding time was applied. At the 18th DPH, pellet diet
could be applied to the fry. The 260th DPH juvenile (55.57 + 2.91 mm) has the same pattern of bands and color
with adult.

Key words: Amphiprion frenatus, reproduction behavior, embryo development, morphological change,
larval rearing
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