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Reproductive Ecology and Early Life History of Paradise Fish, Macropodus chinensis
(Pisces; Belontidae) in Aquarium. Song, Ho-Bok and Shin-Sok Choi* (Department of
Biology, Chungnam National University, Taejon 305-764, Korea)

The reproductive ecology and the early life history of Macropodus chinensis were
investigated in aquarium. Mature male made the bubble nest and spawned with
wrapping the female and reverse posture. The parental male protected the offspring
until the larvae depart the bubble nest. Egg productivity and egg hatching rate were
the highest at water temperature in 28°C and 26°C respectivity than any other
artificial temperature. The eggs were buoyant, globular and 0.95~1.05 mm in diame-
ter. Cleavage was progressed at intervals of 15 minutes. Eggs hatched in 42~44
hours after fertilization and the newly hatched larvae were 3.0~3.2 mm in total
length. The larvae were 4.5~5.4 mm in 4~5 days after hatching and fed on the food
with dispersion from the nest. In 40~45 days after hatching, all fin rays completely
developed, and juveniles reached 18.2~23.5 mm in total length. In 90~110 days after
hatching, body form of young fishes were similar to adult with 37.4~48.2 mm and
represented secondary sexual characters longer than 45.0 mm in total length, and
about 120 days, fishes began spawning (water temperature for ontogenesis: 26.0+1
°C).

Key words : Bubble nest, Early life history, Macropodus chinensis, Reproductive
behavior, Water temperature
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Plate 1. Bubble nest and reproductive behavior of M. chinensis. A: bubble nest, B: courtship and follow, C: wrapping and
reversing, D: reverse posture and spawning, E: release, F: protection behavior.
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Fig. 1. Spawning behavior of M. chinensis. A: courtship and follow, B: wrapping and reversing, Ci, 2, 3: reverse posture and

spawning, D: release.
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Table 1. Reproductive behavior of M. chinensis.

Behavior Male Female
Nesting  Make bubble nest Unconcern
Territory defence
Courtship Brownish black color Refusal: runaway or
Arrow pattern brownish
Spread all fin black color
Opercula raise spread fin
Lead female to nest opercula raise
Follow: pail color
fold dorsal,
anal and
caudal fin
follow male
Spawning Worap the female Wrapped by the male
Reverse posture Reverse posture
Ejaculation Spawning
Release
Guard Guard of eggs and larvae  Unconcern
Expulsion of female
Attack all intruder
A2 Table 13} 2t}
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ARSEIHA AR A3 oS3} 7o) (Table 2, Fig. 2).
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Table 2. Number of spawning, total eggs and average
eggs of M. chinensis during 100 days to different
water temperature in aquarium.

Water Number of  Number of Number of
temperature  spawning total eggs average eggs
20°C 0 0 0
22°C 1 1,557 1,557
24°C 4 4,650 1,163
26°C 11 8,900 809
28°C 12 11,472 956
*32°C 5(14) 1,213(3,402) 243

* Couple of 32°C is results for 40 days, and numbers in paren-
thesis were calculated for 100 days.
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Fig. 2. Spawning cycle and eggs number of M. chinensis
during 100 days in artificial water temperatures.
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Table 3. Hatching rate of eggs of M. chinensis in different d=z 713 7B JePgoh B 2 A= BLe 7}
water temperature. Aoz A A uhe, 13) AR det w) g A
1st 2nd Average > 2 o = 2 S
temvggtgg{ure hatching rate hatching rate hatching rate °f, #a AkRbp B2 HA AN 2775
(%) (%) (%) B 4047k Z3E 98 o A vlastr] 95
24°C 37 46 415 1004 = 3Hilsl & A, Al Sl 143], 3 Al
26°C 64 57 60.5 =
= 340270 2 FA = -
28°C 49 53 51.0 = Fa=t9 o ) )
32°C 24 14 19.0 Zb g 2700w RIS AR 918ke], 47
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de ARSI 28 32°CAAE A 717 F Glel B 26°ColM:, A7 67%8) 57%2 Wi 60.5%2] 3}
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Table 4. Ontogenesis of M. chinensis (water temperature: 26 +1°C).

Time Stage characters Total length
Egg development (time after fertilization, hr: min, Fig. 3%)
0: 00 Fertilization (A) Yolk diameter:
0: 30 Blastodisc (one cell) (B) 0.75~0.80 mm
0: 45 Two cells (C) Egg chorion
1: 00 Four cells (D) diameter (after water
1:15 Eight cells (E) absorbtion):
1: 30 Sixteen cells (F) 0.95~1.05mm
1: 45 Thirty-two cells (G)
2:00 Sixty-four cells (H)
2:30 Blastula (1)
5: 00 Early gastrula (J)
8: 00 Late gastrula (K)
11: 00 Yolk plug & neurula (L)
20: 00 10~ 15 somites, optic cup appear (M)
24: 00 Elongation of tail, melanophores appears on yolk sac and upper
abdominal cavity (N)
28: 00 Heart beat and blood circulation (O)
42~44:00 Hatching (P)
Larvae stage (day after hatching, Fig. 4*)
Hatching Immediately after hatching, hemoglobin appear (A) 3.0~3.2mm
1 day Opercula and mandible formed (B) 3.6~3.8mm
2 days Opercula and mandible begin to move, intestine formed,
air bladder expanded (C) 3.9~4.0mm
5 days Contraction of melanophore, feeding begin (D) 4.5~5.4mm
10 days Caudal fin ray appear (E) 5.3~6.0mm
15 days Yolk (oil globe) absorbed, notochord flexed (F) 5.8~7.0mm
20 days Dorsal and anal fin ray appear (G) 7.8~9.2mm
25 days Pelvic fin appear (H) 8.6~9.7mm
Juvenile, young and adult stage (day after hatching)
40~ 45 days Accomplishment of all fin ray 18.2~23.5mm
90~110 days Secondary sexual characters appear(longer than 45.0 mm) 37.4~48.2mm
120~ days First spawning 50.0~ mm

*: Stages correspond to Figs. 3, 4.
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Fig. 3. Eggs development of M. chinensis. Time for each developmental stage is shown in Table 4. Scale bar is 0.5 mm.
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73 2 7] 0.05mm A =]t} (N = 20).
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(animal pole)Z:ol| 3 A ¥t} (Fig. 3B).
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o] 21t} (Fig. 3C).

4) 4 M 27), AL 3 1AIZE, A&l o3| wiite] 47 =
o]z} (Fig. 3D).

5) 8 Al 7], Abat ¥ 1A17F 15, 7 &l o5 winto]
87) & e} xltt (Fig. 3E).

6) 16 M 27], AFt F 1A|7F 304, 7 &7 =7|7}
A A, 1670 2] &5 A3t (Fig. 3F).

7) 32 A =7], ARl & 1A]7F 453, 3270 ¢] &5 ¥
A3 gk} (Fig. 3G).

8) 64 Al Z7], Al = 2417, 64709 &5 A3
Z4Ael (morula)ell o] &} (Fig. 3H).

9) 2l 7] (blastula), Akt 5 2A]7F 30E, Fte] oS
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AP =zl 5 A g (Fig. 31).

10) 27| ‘vl 7] (early gastrula), AHF =
§lol A &= (vegetal pole)ZFo = Fatsw, o] 1/3
< g&=t}(Fig. 3J).

11) 7] gl 7] (late gastrula), A=t & 8A] 71, t3k2]
12 wivkyd o] Y=tk (Fig. 3K).
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ZH o} (Fig. 3N).
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Fig. 4. Larvae development of M. chinensis. Time for each
developmental stage is shown in Table 4. Scale
bars are 1 mm.
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Fig. 5. Total length and body length increments after hatching of M. chinensis. Closed circles: total length, open circles:
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gu7t BAs oz wWalr| Alxbeie, oF 6719 me|A =
gu)ate] HAPT AL 53~6.0(5.80+0.296) mmo]
o} (Fig. 4E).

6) -3t & 154, FFeo|7} o=w & HI f77t
BT F5EY, nRe] Fo| &2 £7] Al meElA]
ru|7} A3 o] 13~15712] A njite] YA H
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the body length of M. chinensis.
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Fig. 7. Relative growth of the snout length (A) and eye diameter (B) against the head length of M. chinensis.
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