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Research Institute, NIFS, Gapyeong 12453, Republic of Korea; 'National Science Museum, Daejeon 34143, Republic of

Korea)

ABSTRACT

We investigated to egg development and early life history of Tribolodon brandtii in the

Korean peninsula. The fertilized eggs of the T. brandtii were slightly adhesive and separated with a
yellow yolk and no oil globule, and they was an average of 2.4+0.2 mm in diameter. The hatching of
the embryo took place in about 60 hrs after fertilization under water temperature of 20+1°C and the
newly hatched larvae were average 6.4+0.4 mm in total length. At 10 days after hatching, they were
average 11.7£0.2 mm in total length and their yolk sac were completely absorbed. At 46 days after
hatching, they became to juvenile stage and reached 19.6 £2.7 mm in total length and all their fin rays
were formed. At 125 days after hatching, the juvenile were 54.9+15.8 mm in total length and their
body shape were similar to the adult fish. At 236 days after hatching, they fish were 54.9+15.8 mm in
total length and their body color were similar to the adult fish.
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M =

o & Tribolodon 9153+ %15 (Cypriniformes) o]+
(Cyprinidae) 3ojoti} (Leuciscinae)ol] &3t= 344 o&F
= Setete HAZ Bal, SAE S2E A% 1 A
o] £¥3}= 3o Tribolodon hakonensis (Giinther)2} 53j &
F2 52 spHat Aol Ao R Baxstal, NAHS
2L Qpe) BAR Frlolw, eAlote @sFe] L
I e ExA o] HEd EEARE dHA Q= o
T. brandtii (Dyobowski) 25-0] £&3%tt} (Mori, 1952; Jeon and
Sakai, 1984; Sakai, 1995; Kim et al., 2005). Mori (1952)= 3t
24 ARBRA Yot &R, T dh A @A E
HA)ol BEs, Folt BUE GEA Y o] EEaich
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Z7to|= GOl de] £xst= SA Fojdl tistort £
5l 928 FE OS2 7|23} th(Jeon and Sakai, 1984).

At Fold ofFfo EF34 A= Mori and Uchida
(1934), Ikeda (1938) ol &Jsto] SFojt thisfo] = T.
taczanowskii (Steindachner)®] 2%0] E3E3ttty H 13}
O, Uchida (1939)= SAHls+E 2ASHY &ojet di%
o 259 BEE AYEA YT FHNESE AE0E T
taczanowskii 1Z&0] B X3ttty B3¢t o] Chyung
(1977)& F=Fo|=Ro| A Uchida (1939)9] 23S ¢1-83}od,
T. taczanowskii TP 0.2 o] 1Fo] BExdltty H sy}t
O|& T. taczanowskii= T. brandtii®] TZo|H o2 X T|slRL
o (Eschmeyer, 2016), & 5 FLNXZ T. brandtiis N
oo sen ALSST ok FUAIA AFESE o]
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Fig. 1. Photo of collected adult fish with nuptial color of mature female (A: 410 mm SL) and male (B: 410 mm SL) of 7. brandtii at 30th March,
2017 in Buk stream of Goseong-gun, Korea.

Bl T. brandti= T. brandtii®] 252 R7|2
3F4 Tt} (Sakai, 1995; Eschmeyer, 2016).

Folds olfid B FUL FRZUULA, 25 A% 9
A&2FA, Mo zjo] Zog LEBIT AT (Jeon and
Sakai, 1984; Sakai, 1995), YR F 2 EQlMo| YeftE=
ARE71E AlQstar A Aol A A7) 7E ojE e, B

SAste] AL

A A=
3] 2% ool ZAsH: Soolut, nl4% ANE FASHIE
9% oA met Fold olf AT Feli ARde el

o3t BERHEtt Ay|gFH| 9%t E5F (Sakai and Hamada,
1985), Ex}A|E82 ¢l d3L(Sasaki et al., 2007), 3o 9] 3]G
o]8 A (Ishizaki et al., 2009) 51} -2 BH=23st7 §ZS ot
37 AEErA 97} o ol oSl A1 itk

Selete] Fdeks ol ool gt AT Fe) @
£ (Jeon and Sakai, 1984)¢} 309  HHA AdH 27| E
Al (Lee et al., 1989; Han et al., 1999), 3} 9] A}, 3}5Fof &
St oo FA 3 o o] Aol (Lee et al., 2012)7} 0] Fof
Aok 22y 19849 f2jutete] tigoirt E2ditty w2
oz ZIH o]F 304 o] SHAN, thFold 7= BET
A AT o|FolX A ¥ Ut} 53] ofFo F A =
718A At 9 EA4S EctL 29EHe &R
Al FABAE Wel7] 9% FaT 72T E EEA A
t}(Blaxter, 1974; Balon, 1985; Lee et al., 2013; Hong et al.,
2015; Ko et al., 2017). & A& $-yte] 53 B5ofqt
AA oz Exste o] o WA 9 27| S AL tfgt
ATE s, 4G A ol &S AT 7| 2ARE FHEFUA
ahict.

1. AIZ0] & U QIB4

2 Ao AHE didtel= 201749 3¢¥ 30¢ A BEA
A9 AYE TAE ARANS ol (E128°46'26.16"/N38°

39'33.18" 0l A A (Z°] 50 m, &o] 1.5m, LFEUA 460
mm, WEEWZ 75mm) 2 Z (EH 1m, £°] 09m, F=
W4 10 mm)E 01‘13}04 Agstadeh. e A Foll 4
s %*~—’F7H7<1]§ Wato] of-4= supE] oy Abd XA
AFskGiTh AP A A= AEE Mol F
%iﬁi AR |9 BRE guste] Aghst
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Table 1. The egg development of T. brandtii at water temperature each other

Elapsed time (hr:min)

Stage Characters Fig.2
20+ 1°C 13+1°C

Zygote period

Insemination 00:00 00:00 Sperm and egg are inseminated

Swelling 00:30 00:30 Swelling A

Blastodisc 01:00 01:30 Blastodisc B
Cell cleave period

2 cells 02:00 03:30 2 blastodisc is cleavage C

4 cells 02:30 04:00 2-2 array of blastomeres D

8 cells 03:00 05:00 2-4 array of blastomeres E

16 cells 03:30 06:30 4-4 array of blastomeres F

32 cells 04:00 08:00 4-8 array of blastomeres G

64 cells 05:00 09:00 8-8 array of blastomeres H
Blastula period

Morula (256 cells) 06:00 10:00 16 regular tiers of blastomeres I

Blastula 08:00 11:30 Flattening produces an elliptical shape J
Gastrula period

Early gastrulation (30% epiboly) 12:00 18:30 Early gastrulation K

Middle gastrulation (50% epiboly) 16:30 32:30 Middle gastrulation L

Late gastrulation (90% epiboly) 20:30 40:00 Late gastrulation M
Embryoric period

Formation of the embryo 21:30 41:00 Formation of the embryo N

3-4 myotomes 24:00 49:00 3-4 myotomes, formation of optic vesicles

8-9 myotomes 26:00 54:00 7-8 myotomes (0]

23-24 myotomes 33:00 68:00 23-24 myotomes, formation of Kupffer’s vesicles P

28-30 myotomes 36:00 73:20 28-30 myotomes, disappear Kupffer’s vesicles Q

50 < myotomes 47:30 99:00 More than 50 myotomes, formation of heart R
Hatching period 60:00 120:00 Hatching (50%) S

(Tricanie methane sulfonate; Syndel Co., Canada)®2 w}¥|3}]
B, Fgelglon], BEE o BHAS ol g3le] 27
Solck. Haka el TS WA 24U et Rsitols) A
g wEge dsigon, /HRe Hoh 59 T3 7]

B2 Aol B Astol WEL 2 BATGL.

2 i,
1. Alglofet Lo 53

AZeE AT ANEAR A AR A2 410 mm
o|aL, AlF 1443 gol e (Fig. 1A), 32 A% 370 mm
9} 410 mmo] 1, A F- 1011 g7} 1251 g 2 (Fig. 1B), H]$
gt 3719 dAo] FAET A Fo] FARUT AFoIZ AHE
3 gAY AA TSl 34200700191, ASE O A7=
19402 (1.3~22)mmo]3L, =4 H T ¢ 24£02(2.3~
2.6)mmO|th. £ =7 Ao ¢ F2go] gl v 4
O|RAIT, = T okt HAFAYE 7HA= 2 NS W

T3 HAdol

digole] Ak $80] THE 13°C 1F} 20°C 25

i AT+ 20°C 159 +AH2 302 Ff
=2 843 F45t 24+02(2.3~2.6) mm=E FAEH U
(Table 1, Fig. 2A). =78 1A]7F Fof Al o] FE= (animal
pole)Z°o 2 L& Hjul(blastodisc)?] B E Yo (Fig. 2B),
2A17F o= 24| 27| 2 vfiRte] o] dofyith(Fig. 2C). 4
M7= 2A7F 308 Fof e ot FAA= AL (Fig.
2D), 3AZt Fof] §&o] o] Fo| A SN E 7|9 =E8FL (Fig.
2E), 3A|17F 304 $of AEo] o]Fo|A 16A|271E FATHA
t}(Fig. 2F). 32X 7] = 4A|17t 39| (Fig. 2G), 64A| 7] = 54
F Zoll B4R (Fig. 2H), /44 7] (morula, 256 A Z71)
+ 6AIZ Fofl FAEH AL (Fig. 2D), o] F F&E ALt 84]
7t 3oz ZHj7] (blastula)ol]l =E3Fch(Fig. 21). 12A]3F &
o= Jull7] (gastrula)7} P o] AE= (vegetal pole) 2
2 30% 7VF 971 AZSE e H (Fig. 2K), 16417t 302 59
£ 50% 71 @o] Yl 57] (middle gastrulation)o]] =23}
o} (Fig. 2L).

=3 20A|17F 308 Tolk 90% oA Yol Gl w7 (late
gastrulation)o]] o|23t}(Fig. 2M). 21A|7F 308 Folj= 4+
7h H A =3 viA| (embryo)Q] o] FRF S H (Fig. 2N),
24A17F Zofl&= 24 (myotomes)©] 3~4717} A E AT 264]
b Fole 7~8719 ZEo] A7), FE (optic vesicle)7t &
A= ik (Fig. 20). 33X Foll= 40| 23~24702 F7hst
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Fig. 2. The egg development of T. brandtii at 20+ 1°C. Time required for each developmental stage is shown in Table 1. The bar indicates 1 mm.

x| FEo] 4gm EHr] AFstgen, njyR §
2 Kupper’s vesicle®] FAE At (Fig. 2P). 3647 Zoj
ZA7E 28~30712 F7FSEAAL, Y &0l EEsiRe
] Kupper’s vesicle©] AFFA|GL £9] A =7F FAE G o, <t
E F&OS 2 o|X (auditory vesicle)7} FA = T} (Fig. 2Q). 47
A7k 308 Fole ZAEL7) 5070 oJAte R FUkstaT A
o] FAE U om, Tl QoA gstA ZZ o]7] A&kt

10111

fr 4Bt X
lJ

(Fig. 2R) —’Fxé + 60/\17}01] s °l£3}°4 ‘rlg*(chorion)

£ 13 A5 $Ho) SHES|o] TFsT 4A7
] ey 5] QI A 7)o =gEts Fl 10A]17k0] 285
ok E3k 41417k0] AUHA A7 BAE AL, 68417 o
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oFy| . AMB}. A3 . 20|F . O|A=
= 23~247]19) 2&-o] WrEOFH L, 73X]7F 205 Fof 28~30
N ZEo] AAEHAT 4 12047 Foll= 50%2) Aol
Rt @ Eo] 20°C AW TET} 282] Alzko] 4@ ¥ glrt
(Table 1).

3. Xtof & x]0{7]

1) T17| Xto{7|

gi3tole] B3l 25 zlo]j= HA (total length, TL) 6.4+0.4
mm (n=10)2 #A¢] Fsta ma] FRo] it Zojgli,
ol ozt FolXl FAFH A A FEL obF FEA &
goH, mALYuE FHLE FF (BT viZ (oHF
of BRI 2n|7t FAE AR, FFo ofHF ()l A
Ao 2o 5 AAA mA=gu]9 1/4 @72 &
Ho] s o] AL o] Aol =2 High] Fog
Zhekgkol URAT LR Aol = ¥t (Fig. 3A). =2
20°C 284 23} 1Y F ol HA 7.6+0.3 mm (n=10)
2 Fo] dA=Z [fAHUY FRe I HHA &gt
I, A Bgstal AR A TR i) o8 3R
o 712 FE7HA] w7 gkt £3F 29 T A 94+
04mm (=102 AL, TR I3ty A5 Halwg)
o, 7FEA =)7L = A3 172 2712 $EE . 8¢
FoMor mejRgn] 7| 7tA] &qstEaL, ekt
A 27} oFskA HAHE itk (Fig. 3B). #3839 Fol=
A 9.9+0.8mm (n=10)2 HAZ9] oF 50% F=o| Y32 7}
I, 5N Maxe v FEPE FHOE 29,
9ol 91&5S SR BEFY] ARSHAH e HA
2 2o 2 et 23 49 = A% 107+03
mm (n=10)0] i, &3}Fo] AR Fob FEZHA] AZ A
L ookopth ZhEA LYol = 37]9] 80%°] At} (Fig. 3C).
B3l 59 = AR 11.0+03 mm (n=10)0] 2, ¢33 9& (5
o 22 7|2 P 7t Uehr] AR A5k
o] Waly] A|Zsto] FRFH 9 Aol =T FZ o] FRlE
9t} (Fig. 3D). 13} 69 Fo|= A& 11.1+£0.4mm (n=10)°]
I, 27t ddste] 8435 IEE o mE R =guls 774
9] 7127} e, 7k A= u = = A BlsHA A
sow, YEth= ol WA @3th(Fig. 3B). #3174 $&=
AZF 115402 mm (n=10)0| 1, A u] 7]2E 9~10
A SA= A FEFHY F2Yo] S, 7hEA =g A
712 FEFHE EEYSHA Yebdt 23 89 $= AF
11.6+£04 mm (n=10)0]3, o] &3] a1, F2Yo| &
sty 23 0d T= AA 11.7+£03 mm(n=10)°]_T’_,—‘T'—
gl wgste] 2717 B3 W 50% B=E AU, 1
Ax=gu] 71z 14159 #3108 F+= A% 117+
0.2mm (n=10)°]3L, F&o| A9 e gon, mejx|=gn|

Ak

EIEJ::

4
Xo2orle re o

o2

32
?2
fd

C

Ao R
o

9] 712+= 187 %t (Fig. 3F). W ¥ brine shrimpE & &3
1, ekl BrEl QLS ARG e 13°C
'E‘% F31 104 $HE FA7|ofl= & W3 gigou, 208 &
o A7|Z}oA7|7F S =L, EdstA HAEES AR
=9

o
-

2) F7| Ato{7]

2 20°C 2152 23 1Y T & A% 11.6£0.5 mm
(=102 A5, mA=gn] 7|2E 18 19)AH. =%

RE SE%eH, brine shrimpE JHE & &3-S X
FEORE HjHstE Bgo] FRIET £3t 16d Foll=
A2 11.7+£09mm (n=10)0] 1, YA =Hu| 7|2L= 197/4%
on, & ZHE A=A X 7HU7E 25 E07H7] ARt
(Fig. 3G). £3} 18Y Fojl&= A% 11.8+£03 mm (n=10)Z 4
s, a7k 2702 Urol A 7] AR £33} 22 $of=
A%} 123404 mm (n=10)°] 1, SAL=&u]o) 7|=7} 37 Y
Epstth(Fig. 31). $3} 249 Fo= HA 12.2+1.0 mm (n= 10)
o|i, BAAI L= FFo|, of7tn] Q7R EEHGc 1
Aoz 7h2H7 AEY 5 9l A2 71271 20 (21)
ARen, SAL=gr] 7|2& 5712 UeEth oA 12
Agu 7R Qe R =gujoA ERFYsHA HA| =2 n| ¢
FHEj7b vehha, 3lu|sR| gt 7] 27} 47)7F Yreb T (Fig. 31).
B3l 269 39 AAL 13.5+0.7 mm (n=10)2 AR5t
Argn] 7|25E meA =g 2174, A =20 87, A
Laju] 977} Uehsteh. 7k A =g n = 6719 Ax7} Sl
Atk SHAaEZE= YRY HE BE, SA=HEE A 12
7HA gL, S, B8 fEo| 2 EE53th(Fig. 3K).

-‘; rlo

>~l

H3l 309 o= AR 144428 mm (n=10)0]1, BH Zo]
g wxLu|oA ¥ BEEWE wizl-gu] Fe}

Uebgth(Fig. 2L). £33 38Y = A& 16.6+0.9mm (n= 10)
ola, w59l Wz =2fu] Fof wjz|=2jn]o] FEj7} £FHA
A 4709] 7127F JEE T 2 13°C 1FL F7)#0)7]
7F &2 EH= A7I7F70Y o) 28 FH i

3) xlof7]

$2 20°C 284 £3} 46Q FTole HA 19.6+2.7 mm
(=102 Zst¢L, vjA =2n] 7]% 8~97)7} = A
HE A 712571 AR Hol, X072 01630}%10@1,
i A =g ue} g Ato], X =gn] dEE AL R
9] A =u]= E3}EQUh(Fig. 3M). o] F X524 JJr
Ho|dA]of| wet Aol Zpol7t vebuta, A% A2 ol
< gutstgh B3 609 Tol= AR 21.0+3. Smm( n=10
7HA ARSHAAL, 915 (TF) HERE BYg7A &
o] Bx7} ¢ 2WUSHA FAHL, FFNAY 7%
d5l 9 o} (Fig. 3N).
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Fig. 3. Larva and juvenile development of T. brandtii at 20 £ 1°C. A: Newly hatched prelarva, 6.3 mm TL; B: 2 days after hatching, 9.5mm TL; C:
4 days after hatching, 10.7mm TL; D: 5 days after hatching, 10.7 mm TL; E: 6 days after hatching, 11.1 mm TL; F: 10 days after hatching, 11.7
mm TL; G: Postlarva, 16 days after hatching, 12.1 mm TL; H: 20 days after hatching, 12.0 mm TL; I: 22 days after hatching, 12.4 mm TL; J: 24
days, 13.1 mm TL; K: 26 days after hatching, 14.1 mm TL; L: 30 days after hatching, 15.3 mm TL; M: Juvenile, 46 days after hatching, 18.4 mm

TL; N: 60 days after hatching, 22.5mm TL.
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4) Z718%

2 20°C IFNA AASE 23 B3 5 Zojrt A%t
64+04mm (n=10)0]R=d|, £3} 10¥ FTo= AA} 11.7+
02mm (n=10), 304 Fo+= A% 144+2.8 mm (n=10), 60
 Fo|= AR 21.0+3.5mm (n=10), 125Y Fo= 549+
158 mm (n=10)2 A5}, Joi9] Fe&}t FASHA. F
3} 2369 Zol= 622+17.1 mm (n=10)2 ARG o, 1
Aoz A G0N, SH= €2 HFHYEY A
Aol Hol= ofAZNA|7} E Utk (Fig. 4). & 13°C LFolA
L 600] A= A7)0 A& 187+ 14mm (=102 A
”3}@1 20°C AJAteF Zpol7F 48R GESkAITE, 125U £

L 349+114mm (n=10)2 ARG, 83} 2364 FTo=
46.5+83mm (n=10)2 A3t AMSL T o] wha}t JAo] 2b
o] HHth(Fig. 4).

100

020%£1°C
® 13+1°C

60

Total length (mm)

40+
| ,

0
0 50 100 150 200 250

Days after hatching

Fig. 4. Early growth curve of T. brandtii after hatching at 20+ 1°C
and 13+ 1°C (Photo: Immature fish of 236 days after hatching, 79.1
mm TL).

4. B3lE10 J|¥E

digolo 2xd B3l83 7| &2 $2 20°C 159 #3t
£ 343%, 71FE&L 5.1%0]1L, L& 13°C 2Eo|A Rl
2 275%, 71H &L 2%= UrEM 20°C 1F°] #3&1 7]
FEo| ESi

=

=
=

|

Yol Eddte Fol& offE Folet difto] 2%0]H, 9]
Zo| fFol F3 BE=2 s2L 17} AT AEHA
o7 B3xstal glon AAFORE Y EARL} 2710
T, gAjote] Ao skl o] EEA o] tigo]
o] Hdo B2 ¢elA 9thJeon and Sakai, 1984; Sakai,
1995). B A7 tjgto] 2 =AY 02 o] 2317 95te], 2
7YEAE SAHCE ARHE AFssih o] gAY
2= 99 Nakamura (1969)9} Sakai (1995) Q-2 1}
Fut7t 2419 WA (Dai et al., 1982), 2 Ao} oA ZA}E
A1} (Gavrenkov, 1982)9} A 2 8-AFsH Th(Table 2). o] &3
A= digold B A AfolHr= oo A7]of
Zpol2 FAHHG, digo] 9] A4t 3 7]+= Nakamura (1969)2+
Sakai(1995)QJ A1 AT} H|LF I7| PR Uk, 2R B

oA S dgol Y A&e 1.3~1.7mmet= Zol&
qu (Dai ef al., 1982) (Table 2), 33 tj3}o]7} Bxals thok

Fo A YR E A5DE vlaslojor & Aoz ALRHS
t}.

l°i'

Table 2. Comparison of egg and larva development characteristics in Tribolodon in Korea and Japan

Korea Japan
Stae T. brandtii Nakamura (1969) T. brandtii
£ (This study) T. brandtii* T. hakonensis** (Sakai, 1995)
20+ 1°C 13+ 1°C 11.0~17.0°C 11.0~17.0°C 14.5~27.5°C
1) 85~135
Standard length of parental fish (mm) 410 350~410 2) 202,206 398/228
3) 250~290
Body weight of parent fish (g) 14432 - - -
1) 723~5.981
Fecundity 34,200 30,000~50,000  2) 6,000~6,780 70,078/26,834
3) 5,000~15,000
Egg diameter (mm) 1.9+02(1.3~2.2) 1.8~2.0 1.8~2.0 1.8(1.7~2.1)
Spawned eggs (mm) 24+0.2(2.3~2.6) 2.5~2.7 25~2.6 242.1~2.7)
Time of hatching (hr:min) 60:00 120:00 120:00 120:00 -

. . 64+04 6.1+0.2 _
Hatching size (mm) (53~69.n=10) (54~6.4.n=10) 6.8 7.0 5.8(5.3~6.3,n=10)
Days until post larva (days) 11 13 13 21
Days until juvenile 46 days >70 days 2 months 2 months 50 days

*Description of Tribolodon taczanowskii, ** 1) the river of Tama, 2) the river of Chikuma, 3) the lake of Biwa.



ex7h o wAe] uAE Gl skl 2ALely] 13t
o 2 20°Ce 13°C 2FoA RARE Adt= 13°C 152
Nakamura (1969)9] 21}9} SAIIE U 20°C 152 2ol &

BT (Table 2). 0|23 A= Fopd oA +29 T84

2 BT 4 Yo BB $2L )7 R5hg Aolo} 7|7
& st 99o] H7)E sk, & AToA Higeld) &
¥ 2587 71 94E 20°C TFOIH R 7 thehget.

FARE 20l §24F ¥aL0l T

=
oz e
=)

O

AgzAdod & JP“«I X}Ol °ﬂ 40}01 E}—E— # A ‘;f—
T & o o4 204 BEEARI Aol dad Ao 2
o}, B3prjol o] 7)o tiste] B oA} Hlwgh
B RN £ 11.0~17.0°CoA A3 73} A5 2}ol
719}, 2 14.5~27.5°Co A £33t zfo o] A7|7F B AJY
Ao} vjwslH °F7F 2kt (Nakamura, 1969; Sakai, 1995)
(Table 2).

H3te tjsfol o] 27|44l gt AR 2 ZpolE U2
o] o E R A AIPE Aol vlwstgl=], A+
A4 (11.0~17.0°C)9 A F7]|740171744] 13, X|9}7]& 60
o] A H Y 3193 (Nakamura, 1969), & 14.5~27.5°C
ol A ARSI ES © F7&FoI7A] 21€0] 2R F AA|RE X o]

71 500l 22 %kl dho] (Sakai, 1995), & A Ao}
AH 2ol H G Th(Table 2). 0|37t Aol AF&7|7to] &
25 FAT 2 AP AST|TE Foll AR ¥skst
2o A AREE Apo] 2 AR E| QT (Table 2). $HH A4
20°CE FAIHHEA ARSSE 23 B2 FAgLoA A
o] B3} 138 o 11.0mm, 270Y &0l 224 mmztL X
t 23} (Nakamura, 1969)2} 23} 14 S0 H+ 10.5mm
9~114mm, n=27), 254 o 123 mm (11.5~13.1 mm,
n=42),50¥ %o 152 mm (14.5~20.7 mm, n="20)7}7 %
gtk AT} (Sakai, 1995)9F & Aol & Ho|A] ghgront, di
oA £t A= 2 AP gy A9 Zpol7t Ast
of A4AQl vl oYL o] ARRS ALT 23 20°C
Aol 23t 1259 Foll= AMo] 2ujdolm] M
549+158 mm (n=10)2 AASAL, 235 236Y Toj= A
A 622+ 17.1 mm (n=10)2 AA3FAT}. 1o H|5) 13°C A]
FFoAe 125¢ Fof AR 349+11.4mm (n=10)F2H,
B3} 2369 Folle AR 46.54+831 mm (n=10)2 A3t
20°C Algtet Ao & ZolE E Yt (Fig. 4). ©l+= 570€d
AR A3k A% 303 mmeEka Badt QR AvtEc wE
7S E Atk (Nakamura, 1969). o]i= X|0]7] o]Fol& A
2, HolFa T AT T2 A% Aol 2 AR E YT

T AAFANA AR A3 T 1do] 60~100 mm, 2
dojl 150~200 mm, 3 ¢] 300 mm ©]A+ AA3tch (Nakamura,
1969)= Z3tel B3} 3 2\ (B 71.3+9.1 mm)yS oA =}
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o1F Foll tiolzt 4 2A Awctn RISk (Sakai,
1995). %3 o2 A7Ase} wwsh] $iske] $uteto]
BEHE Yoo Aol BEA|9 Agkiololq AFA 4
A, 8l AT AR Foll tE 271 977 waskdr.
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Atk & 20+ 1°Co A 13} 50%F 71222 6047kl 3}
7t SEEANL 1:1:] 73 A% #ojo] A7) 64+04mm°la’i
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79 i#ﬂ‘”t}. 3} 464 Fole AR 19627 mm= 4
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