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Effect of Water Temperature on the Embryonic Development
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We studied the effects of temperature on the egg development and larvae of Takifugu pardalis. The larvae
hatched 135-480 hr after fertilization in 13°C-24°C and 32 ppt. The higher the temperature the earlier the larvae
hatch within 13°C-24°C. The maximum hatching rate was made in 15°C and 32 ppt. The higher the temperature
the larger the newly hatched larvae. The larvae hatched in 24°C were ca. 3.35 mm in total length. Occurrence of
the deformed larvae was lower in 13°C-18°C regime and higher over 21°C regime.
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&4, Takifugu pardalis F-2juet &1 1ok, i 7o)k,
Q71ue} Bl T Asto] Aol LK Chyung, 1977; Han,
1995; Han and Kim, 1998a, 1998b).

FHTRE o= FEivekel gt SAoA T2 A8 0% A
EAG #F AR R o] 8E]aL Qo] AR o R F A% FhkAt
Qo7 FHFH 9o, A5E T. rubripes?} -2 T
QAFE F tWFEOR o] &Fo] gith

Hol o] vt A7 - E4] 57 (Han and Kim, 1998a),
& 2333 ©7]F 54 (Han and Kim, 1998b), w5734 <1
“T-(Lee, 1988; Han and Kim, 1998¢) 4! -5=1&-5(Sphoeroides
annulatus)®] SE] % =7 (Han and Jin, 2000) 5°] 3lom, &
BAAE A oFA)of] T3t A= 2 A5 XFE o] 9tk (Park
and Kim, 1991; Rho and Jung, 1993; Kim et al., 1995).

1L G- 2 T obscurus (Jang et al., 1996)7F 59 T. niphaobles
(Oh et al., 2000; Han et al., 2003)°l] tisliA AleksAd 2 %71
AL 52 A77F 1A, of el QlofA] bk A v} Hhsle]] )]
= 29 Y| tisiA= A2 Epinephelus bruneus (Yang
et al., 2007) 5°] glom, S5 tish A7 A 9 27
AZAH(Han et al., 2001), A=]012] 4:317]¢% Pt (Han and
Cho, 2003), Ax]o12] FAW(Han et al., 2005) 5°] T}
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BE Age 33 Ro® AAleiglon, Fakg, e Ul
4E A¥e] BAXEE ANOVA tests AAISH] HA f2
2} 717 (least significant difference) 0.2 7k oA (P<
0.05)% #g3krh.

2 1

ofo[e| ME =

AREZ1IZE SRF A Hol S War okl vlEs 38
69714 AL A3, QFAo] 3t 21.01%, 510] 1 78.99%
o] HlEE F7lo] AAsh= HlEo] 3l o] E8kow, F71e]
=3 v]&2 6¥) 80%31TH Table 1).

AAE A Ld A 292 38l AFe] 20~21cem,
21~22 cm2] 7WAI7F 242t 33.3%, 38.1% % EFRWIET) =4
ERtom | 49olli= 21~22 cm, 22~23 cm] 7HA|7} 40.6%, 31.3%,
590l 22~23 cm, 23~24 cme] A7} 217; 39.3%, 29.4%

Qofl= 17~18 cm2] 7|AI7} vk
Z=3a1gl o1}, 59oll= 18~19 cm AA|S] NI} 7P =9
a1, 19~20cme] 7HAIS] E& W FTkete] Aldo] Ay &
T ofu]e] A7} SUkeRE Ale & S USITh(Table 1).

AFE AF0) WA 1 g E s i 278 E Ve
a1, APdo] 19.6~23.5 cm@E@Tt 21.5 cm)Rl Ao] A F 12,426~
17,7927119] & EFskaL glglom, ofu|e] g nlEste] 7|
Ao A717F ALGF gl S7sISIth(Fig. 1).

SR 8 A 2AE

Ay

Zk
-5} 25 2Jo] o] A7 Table 29} 2k

T K382 13°Co|A 93.2+1.5%, 15°CollA] 95.4+3.2%,
18°Coll A 91.4+2.7%, 21°CollA 90.624.3%= ©]5 F7FALo]ol
FrolAQl Ajo)= LA 9F9EOLH(P>0.05), 15°CT-ollA 2] Hal4
o] olF T 7P T AT eIl o, 2 24°CHoll M=
F-3hgo] 72.642.2%% E} 77tol| v]&)] f-2laH W =XE
ERASITHP< 0.05).

Tk, 7 Aol F-gkel Aojof] gt 713 o] ] HhalEe-
13°C-7} 4.5+0.5%, 15°C77} 4.3+1.1%, 18°C1-7} 5.1+0.5%,
21°CT7} 6.8+1.9% 18]l 24°CT-olA 9.1+2.5%F 24°CH-=
21°C-¢} Bl wale] o)t jo)7} I o (P> 0.05), 13°C, 15°C,

y =1353.6x — 13744
R =0.9764

18000 r

16000

Number of eggs

14000 |

12000 r

19 20 21 2 23
Total length (cm)

Fig. 1. Relationships between total length of the adult females and
number of eggs spawned of wild T. pardalis.

Table 1. Monthly changes in frequence of male and female Takifugu pardalis

Month
March April May June
Male Number 78(78.79%) 125(79.62%) 176(77.53%) 24(80.00%)
Total length(cm) 18.1 18.7 19.3 18.9
Female Number 21(21.21%) 32(20.38%) 51(22.47%) 6(20.00%)
Total length(cm) 21.2 21.7 22.3 22.0
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Table 2. Egg development and hatching of Takifugu pardalis water difference temperature raisines

Developmental stages Water temperature
13°C 15°C 18°C 21°C 24°C

8 cells 05:55hr 04:10hr 03:45hr 03:35hr 03:00hr
Morula 15:50hr 14:40hr 13:35hr 11:00hr 08:15hr
Kupffer’s vesicle 85:34hr 75:30hr 70:35hr 65:55hr 46:46hr
Heart beating 191:20hr 110:30hr 108:07hr 107:20hr 93:04hr
Hatching 480:43hr 214:14hr 205:24hr 191:47hr 135:24hr
Hatching rate (%) 93.2+1.5 95.4+3.2 91.4+2.7 90.6+4.3 72.6+2.2
Abnormality (%) 45+0.5 43+11 5.1+0.5 6.8+1.9 0.1+2.5
Larvae size(mm) 2.85+0.22 3.0440.11 3.07£0.15 3.16+0.24 3.35+0.13

18°C-oll vlsl] FolshAl =2 #e HITHP<0.05). 181l 03 |

13°C, 15°C, 18°C B! 21°C A5 APolellM= 248l Ao 03 |

7} AATHP>0.05). T *
7} G RbEe] W Rl A Aofo) e el g 0P )

2.8520.22 mm, 15°CellA4 3.04+0.11 mm, 18°CollA] 3.07+0.15 mm, E 02 f

21°CollA] 3.16+0.24 mm, 24°CellA] 3.35+0.13 mm=, 24°C1+ % 0is |

15°C, 18°C ¥ 21°C-9} vlawate] f2]sh xjo |7} glSl o 1H(P>0.05), g

13°CTol HlelAE 8 gk LRI P<0.05). 18]z 15°c, W 01 ] //

18°C 4 21°C1-5 Afelelli= Afol7t /ISl o, 13°Cr-eke b 006 f

o)% LiehA] §ieHP>0.05). .

FATL 13~-24°C7HA 9] BE P B3} 71538l e
w], A% FHE oA Fslol o]|2771A|2] Hit AQA
7S 13°CoflA] 4804]7F 48%-, 15°CollA] 214x|7F 145, 18°Cel]
A 205117 24%-, 21°Col|A] 191A17F 475, 24°CollA] 1354|7F
2432 A7to] 2@ Fo] URtH o7 fro] =85S 7 il
Al o]2& AlZ1o] FoAl= AES YERISITH(Fig. 2).

Zoo] e 7} Bl A A Q A7 FA a0 2 L
e Ay} 2 (T)d 248 GAME A QARHH)S] dA1A T
b A=

84|327]: H=0.0389T+0.1343 (r>=0.9884)

2$217]: H=0.0141T+0.0503 (r?=0.9838)
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Fig. 2. Correlation between water temperature and time required to
each developmental stage after fertilization of T. pardalis (I, heart
beating: H=0.0017T+0.0037 (r>=0.9851); 4, hatching stage: H=
0.0015T+0.0004 (r*=0.9803); T: water temperature, H: hour).

o QJIFFTH AL Al 3 Q91 T 2 of e WA
2019 WHgof Je vA= 7P Tt E84 2]l $9

3hubo] th(Hokanson et al., 1973; Gunnes, 1979; Herzig and
Winkler, 1986). &RFA 0 & UEo- ALS 422 Wby o] & 1o 5 %]
XTI, =2 AR 2 A SeE 7EEEAIYE He)
Aol A ow HolE A F Sl A I A91F 2

o Wl 7} o)l whet Harelet. webd off 7 ojE 5
9 BT} PR Sl SlEslo] ARl YL 1T

A 72 H91E 7FA "tk (Rana, 1990).

o] AofA], EE20] i whale] Qlofa] f=gof whE 7} kAl
A 2 QARRS A4 A0 F vkl A 271 9l
oA W iAo ZAEH] b= AEEHA Y] Ht2 5.5°CE
FRE o, T2 oA Hglo|| o] 27| 74A] 2] it A8
AFEE 0] =555 7 A of] o] 2= A7) FolA]=
HERY LT
AF 2o} 9] AL o] U AR} =] 4
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T F7gkel whet F3} AlRte] "EEE A
Pagrus major (Apostoiopoulos, 1976), 51, Lateolabrax japonicus
(Marangos et al., 1986), F%]7§<:¢], Oncorhnchus mykiss
(Garside, 1986) 5-2] Aol e 122 AdS Yehigiar, 7 1
O] g2 ofFelM e A}l Ao A Qlek(Kokurewicz;
1969; Yasunaga, 1975a, b; Hassler, 1982).

T, A8 £ 9IS ol Bd 28] Hakg 9 A
8] ki /1S Sk Avke Zeshev (Lewis,
1965; Alderdice and Forrester, 1968; Katavic, 1980; Herzig and
Winkler, 1986)> 73} 2 2] 20| thA|Z ApArkst A)7]9]
< AAFIRE ofds ARSI o] AdelM® 1y 7
Al ZpA o] et fRALSE 2ol WgEe] 9k, o]
718019 FHE dA3] YA YERsk

50 S OE oFfe nRVHE o] e
ZF Ao o] 2= AlRto] FoAl= AEE B, H3H4
T 7)) AT o] vk AFF R B AYPTE A
= 4788 717y SRkl AN, el Fakae 15°CT-9}
18°CrollA A vERiSl o, 71 & 24°Crolld 718 =71
A At Hot ARFERE A Al B B A QAR
Fohe 9 AEES NIEA] sl A ARGTRS AAske
o] nigAst Z10 7 Azt

2 <

=13 Takifugu pardarlis®] oJn| 2 F-E] 4TS Wol 4=2.90]
kol WA= S Al

oA F-stell o|217HA 9] et A QAR 13°C-24°C
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