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Egg Development and Early Life History of the Slender Shinner, Pseudopungtungia tenuicorpa (Pisces:
Cyprinidae) by Myeong-Hun Ko, Sang-Yong Park and In-Chul Bang* (Department of Life Sciences and Biotechnology,

Soonchunhyang University, Asan 336-745, Korea)

ABSTRACT

Egg development and early life history of the slender shinner, Pseudopungtungia tenui-

corpa were investigated to provide basic information regarding biological characteristics and restoration
in 2010. Eggs were obtained by injecting females with Ovaprim and then fertilized using the dry method
in the laboratory. Matured eggs were strongly adhesive, opaque and grayish and measured 1.96+0.08
mm (mean =+ SD) in diameter. Fertilized eggs hatched 240 h after fertilization at 23°C, and newly hatched
larvae an average 8.6+0.25 mm in total length. At 2 days after hatching, larvae averaged 9.0+ 0.37 mm
in total length and their yolk sacs had been completely absorbed. About at 10 days after hatching, they
beacme to juvenile stage and reached 10.6+0.44 mm in total length. At 70 days after hatching, the band
patterns and external form of juveniles were similar to those of adults, and they averaged 36.0+2.13

mm in total length.
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M =

cd]3}(Cyprinidae) o] Hetez]7kel ob=ze]7} f2t
Aletel] ] AMABl= o F2 2204 2,420%¢] A3t
(Nelson, 2006). 7F=%-317] Pseudopungtungia tenuicorpa:=
ool ko] mal -2 o} 3} (Gobioninag)ell 43} o] F= Jeon
and Choi (1980)e1] 2J3] 4l&o =z 7|2 =Hglon, 4x7}3}
A7}t A ABlE S mgFor F2 ghley Z u}
A7F B2 TR Al M 23 offeln (3
1k, 2002, 3 5, 2005). = MAIA] 7Y <IzF S eg ]It
ket 3o qd 5o UAlez <l AMAG7E FAska
ole] AR 20051 HE7) oRE - AE IIFo= A
Al WA ow wWEsty QIo (373, 2005). 7F=Ea17)

* WA A =} vkel A Tel: 82-41-530-1286, Fax: 82-41-530-1493,
E-mail: inchang@sch.ac.kr

Heh Ags el disiA] AR A S W A AT
g Agtel (A &, 2005), 2| 7h=&317]7k A4# Coreo-
perca herzie] Alghzlel] gebsitty B yEo] FE=E 31 9]
o} (o] 5, 2005; ¢] %, 2010).

el 27142l BT AT ol Al g 4
o 9l hireks} xpxjeje] W Se ARG ¥
Mo dhpow 2o S48 Fushy %4%?%94 2t
A FAdRAE Wil W g8 ghom (Blaxter, 1974,
Balon, 1985), AF4 =7} 2 W& 7] Fe 2L 93 9dE =
A A% Fe) Feg JlxdTe FWA 47ET Yo
(2733, 2006, 2009, 2011; = =3) oF3, 2010).

R FA o}z F= E317]Z(tribe Pungtungiini)el] <3}=
<=2 Sarcoheilichthys, Pseudorasbora, Pseudopuntungia,
Puntungiae]® (713} 7}, 1989) o] =-2] 7| &Atel] gt <4
T+ #]=] Coreoleuciscus splendidus(Song, 1977), Z+=317]
Pseudopugtungia nigra (Kim et al., 1991; Lee et al., 2004), &
317] Pseudorashbora parva (Baba, 1994; Lee et al., 2002), &
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H-o] Pseudorasbora parva(Han et al., 2001), 3377] Sarco-
cheilichthys nigripinnis morii (Kang et al., 2007) Sl o3|
AT HAGAT AR s dsiME dT-EHA

asi

1.4

]

o

7h==37)= 20109 4Y 59 AFAusA A £33
GRS xﬂzolo 07)= ure = 20104 5¢ 13l 7}

A= AAF 255 X8 oA S (F5 4x4mm)
oF 4 (= 4><4mm) o] g3l IR A& A3}
Ao, o] F Agalz pukste] Algel vl ARSI

2 MRIRE U ALS W

A= AA F *é’“'& WA (7 10, #7 10548 =2}
kgt 0.5mL<] Ovaprim (Syndel, Canada)-&-
A F, 12412 w Fol Qe BRqbgoz A
i of7)e] pAoENE] Qe AL APl 100
W BMAA Aoz SAAFH AR 15em I =2
1o FAb Sgstel PR AY1AeI)E RARG o
W oI (05X A5om)e] §A F714e1713% Aol
= FASSTh G 7 B Aol i ¥3} F 3097}
X]—t— otem) o} (brine shrimp) A& 273319l 31Y o] %
el AR} A4l T e oz FFTe] A%
it AFEE vl U2 3hpsig] om, AR 23+
1°Cz =l

sy

=}
=

H AHX|0f HEN

AR 7 100AE AV oM, Aste] 7]+
Ne T2 AAste] S S HEA AL Tk
E37] o] BRI wdelojA] 7z AR kg AlA
bl WAt I} Aol o] w TP o)A
(Olympus SZX9, Japan) 3tel|A] 8~ 57ulj ] wlj ol A 23}
o] T)x| "7} 2} (Olympus DP72, Japan) 2. #od sl t). 21X
of WhabA] e 33 A FRE 13} & 1009714 7+ 2
W w292 1004 AEsE $ kAl MS-222 (Sinddl,
Canada) 2 w33l #2 9l AR} A FS SA A+

e

1. ARRBIE 9l A

[y

AR F A8 7P==317] (n=20)= AR} 78~98(88.2+
6.08) mm, 3| % 5.8~ 10.5(8.0+1.63) go]l.o= gt - S=7kol]
Z FZelE Helx| Uit AlREEF(n=10)& =AM A
218+76.9 (87~ 345) 7)ol o, Alet®l 1o HEwis) 3|
ml 3¢ yJelglon] =7] (n=20)= 1.96+0.08(1.82~
2.14) mm i}

FeEa] a4 a4 158 Fol 22 F5st 29
+0.13mme= A= gl (Fig. 1A). 1 ]7‘_} oﬂ A 24 o)

E—g—:— (animal pole) Zo =z Z& w4l (blastodisc, 14 7))
o] A=l a1 (Fig. 1B), 24| 27| = 2417} 3o wjulel] &t
o] %l ofut FAE AR (Fg 1C). 4 Z7]= 247F 2087 3
7Age Eale] A F ¢ (Fig. 1D), 84| 27]= 247k 408
Foll I B3le] (Fig. 1E), 164 27| 327k Fof 3
Bkl FAEA (Fig. 1F). 324 27]= 3A17F 40 +
ol (Fig. 1G), 644 £7] = 4A|17F 3ol 8JA =g om (Fig. 1H),
AFA17] (morula, 2564 £7))= 5A)7F 308 Zof 3AE
(Fig. 11), o] % d&& Al&3te] A7 Fofl = Zulf7] (blas-
tuld) & A= AT (Fig. 1J). 144 7F Foll = el =7] (early
gastrula)el] o] 22| A]E=(vegeta pole) Zo = 17| A|2}a}
slom (Fig. 1K), o] & 1947t Sl &= 90% o] o 3
W) @7l =2atedct (Fig. 1L). 2347 Foll= 77} 5|4
=32 uj A (embryo)e] &o] F33] F.ow (Fig. IM), 254]
7+ el 24 (myotomes) o] 3~4707} A7) <k (optic
vesicle)7} A= glo} (Fig. IN). 2747 Zol|= 8~ 972 &
Aol A=A o (Fig. 10), 35A|7F Felli= LA o] 20~21
Mot el #=7} =M o]z (auditory vesicle)g} Kup-
per'svesiclee] A= i} (Fig. 1P). o] & ez} Iak} &
EHA AlAbEe] FA o]7] Alzbslel om, 5047 el =
34~40 A o] A7|3 e} 3} Ape]of] AlAbo] A= o]
7] Al#tekslem Kupper's vesiclee] Akebxict(Fig. 1Q).
130417 Foll = sro] A2 oz AAES T 7l 2jn]
7} FAH7] AlEsk o™ A FFel = HA =u|r} 3
A= "3e] o4 FAF G (Fig. 1R). 1604 7F Foll =
o] ZA AR Rel 7t e} A5 Apelol] 4=
Alztslgd ow meEjx| =2u] 7127} 5~ 10707 3§A = i)
2] AAR= 3k L—_ﬂ—/‘“_o_i il—/\ﬂE]oJ dx sy} I
ZEgom, d3k o] F5Ee] EHIEE Wl =38t
A Zoll = dE @Jﬂr‘ﬂ 1/‘rl:/‘r‘;d*—:tﬂ, 2 ZF o} Zol| v 5
(dorsal eorta) 7} A3 (venacava)e] w7 #2= L, A3
2 Aoz A (segmental aorta) 7} F) A= (segmen-

ol

o
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Table 1. Elepsed time for egg development of Pseudopungtungia tenuicorpa at 23°C in water temperature

Stage Elapsed time Characters Fig. 1
Zygote period
Insemination 00min Sperm and egg are inseminated -
Swelling 15min Inseminated egg is swelling A
1 cell (blastodisc) 1h00min Blastodisc B
Cell cleavage period
2céls 2h00min 2 blastodisc is cleavage C
4céls 2h20min 2-2 array of blastomeres D
8cdls 2h40min 2-4 array of blastomeres E
16 cells 3h00min 4-4 array of blastomeres F
32céls 3h40min 4-8 array of blastomeres G
64 cells 4h00min 8-8 array of blastomeres H
Morula, 256 cells 5h30min 16 regular tiers of blastomeres |
Blastula 9h 00min Flattening produces an elliptical shape J
Early gastrulation 14h 00min Early gastrulation K
L ate gastrulation 19h 00min Late gastrulation L
Embryoric period
Formation of the embryo 23h00min Formation of the embryo M
3~4 myotomes 25h 00min 3-4 myotomes furrow, formation of optic vesicles N
8~ 9 myotomes 27h00min 8-9 myotomes furrow (0]
20~ 21 myotomes 35h00min 20-21 myotomes furrow, formation of auditory vesicles and Kupffer's vesicles P
34~ 40 myotomes 50h 00min 34-40 myotomes furrow, formation of heart, disappear Kupffer's vesicles Q
Black pigmentation in eyes 130h 00 min Black pigmentation in eyes, formation of pectoral fins R
Formation of gas bladder 160h 00 min Formation of gas bladder, 10-12 caudal fin rays and development of blood S
circulation in post body side
Hatching 240h 00min 50% of hatching -
tal vessel) 9 W] R offFol mz] s} (lower caudal = HFoz wol FolA yehdot(Fig 3L,). H-3 5 64

vein)o] Ex}3}7) H—J%H 2 B (Figs 1S, 2). 4
¥ 168A17H(79)HE] melE o3t e E R3}s)
7] A#bskol o] 2404)7H(10) Fell= AA| 2] 1/2 7)A) 7}
F3}5l9l 31 3124]7H(13Y) Fof] H-3h5 km sl

3. Atofet xlofo| EE

1) M7|Xt0{7|

B3l 259 zle] I % 8.6+0.25(8.2~8.9) mm
(n=10)% 3 3+ shxfubal 53 } ov] 3} PR I
3ol & deujol FAS AA . melA xen] 72E
15~ 17707 AAEN R A= 947]7F Jepgern] 2
A7t & o AR e AFell e 9> 27 nigkel] A
27} AFER o S T4 uet S| F E= )
=] i} (Fg. 3L1) 19 Zo|= AR 87+037mm(n=
10)2 F3lo] A2 55 dEHn]o} §-AE wo] A4
sglom B A7 e xS woleh(Fig. 3Ly).

2) 27| X0i7|

B3l & 2%_]7%]]0]]-‘1 A7 9.0+0.39 mm (n=10)2 +&}o]
EF FEa Ut F R Uyl yelden m
gAgn] 7|27} 18~20707} #Z= ek (Fig. 3Ls). 49
Bl AA 9.8+0.42mm (n=10)2 SA|=guld| 7|x
6~ 707} PAE gl om] 3 vpxte] n) 3 walF (Urostyle)

o= AA 10.1+0.37mm(n=10)2 Sx|=&n] 7]x 87, Sl
ALelel 715 S RSl en, mel el A of
Bz ZebA7] AT B Al st FAEEa
=gey7h 77}6}314(99- 3Ly).

3) X047 |

X3l & 109 Fo|:= A 10.6+0.44mm(n=10)Z wj =]
r2n] 7|z 4~507F HRE e »E A v 7]zt A
F2 yeht 27|z o]ttt =3 Fert 343
gote] IFI} FEFe] 277 A9 Ak A S S
ol oz 72 SAzrt wjdE o] o] FAH7] A=}
shodet (Fig. 3Le). 159 Foll&= A& 14.0+0.71 mm (n=10)
2 v JERE mA=n|7hA] oA A2 w7t 3
AE e AF olfFezx gk SAxr} widE AU
(Fig. 3L,). 30¥ 3of|= A 18.1+0.96mm (n=10)= AJA+
stlom Agjn|7} wdste] ool fAFskd (Fig. 3Le).
50 3o 259+1.32mm(n=10)= A= Zo}o| 7L o]
7h M) FERE bR ZA Yehda 5%l A
A&, 5 2MAE Hglow v § SEells Al A
o] o] g7 oz wid= o] vehget (Fig. 3Lo). 704 ¥
o= 36.0+2.13mm(n=10)= AAslgon Exrgu &
o 7 Aol veht Aeje] medt fAkstdw (Fig. BLy).



Fig. 1. Egg development and hatching of Pseudopungtungia tenuicorpa at water temperature 23°C. Time required for each developmental stage
isshown in Table 1. The bar indicates 1 mm.
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Fig. 2. Late embryonic stage (Formation of gas bladder) of Pseudopungtungia tenuicorpa in 160 h after fertilization. The bar indicate 1 mm. bl:

bladder, cfr: caudal fin rays, da: dorsal aorta, h: heart, Icv: lower caudal vein, ot: otolith, pf: pectora fin, sv: segmental vessel, vc: vena cava, vi:
vitelline.

Fig. 3. Larvaand juvenile development of Pseudopungtungia tenuicorpa at 23°C in water temperature. The bar indicates 1 mm. L,: 0 day, 8.6+
0.25mm (TL); L,: 1day, 8.7£0.25mm; L3 2 days, 9.0+£0.39mm; L, 4days, 9.1+0.38 mm; Ls: 6days, 10.1+0.37 mm; Lg: 10days, 10.6+
0.44mm; L: 15days, 14.0+0.72mm; Lg: 30days, 18.14+0.96 mm; Lg: 50days, 25.9+1.32mm; L,,: 70days, 36.0+2.13mm.

T o]E FAT AAL Heod 109 AA 10.6+0.44mm,
7.0+ 1.4mg(n=10), 30 A+ 18.1+0.96 mm, 37.0+6.0

B3} NF ajo]= A 86+025mm, 3.2mg(n=10)°]8)  mg(n=10), 502 A= 25.9+1.32mm, 0.11+0.025 g (n=



10), 709l = A A} 36.0+2.13mm, 0.29+0.062 g (n=10) 9|
glom 100del= AAF 43.6+3.10mm, 0.56+0.129 g (n=
10)e)gich. 7] Zeo] AAAlL y=—1E-04x?+0.3763x+
7.7031 (R?=0.9941) = el (Fig. 4A), 7] A& A4
£ y=7E-05x?—0.0011x+0.0082 (R?=0.9981) = }elytc}

(Fig. 4B).
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Fig. 4. Tota length (A) and body weight (B) of Pseudopugtungia teuni-
corpa after until 100 days after hatching at 23°C in water temperature.

Vertical lines show standard deviation.

7}F=%-317] Pseudopungtungia tenuicorpaz 2] |0}
7} (Gobioninag)sl] 43l o] F= Z+=317] P. nigras} 3
Pseudopungtungiaol] 4-3tc}. ®el| F-x] o} o) 7o) Al 524
ol A 7=} 7}(1989)-2 w| A= (urohyal)ell 2]&l Sarcoheili-
chthys, Pseudorashbora, Pseudopuntungia, Puntungia:x 3}
o] Al5e 3T B vt glow (7= 7, 1989), 7
(1991)2 =43 Z8e S BAsle] E317] 3 (tribe Pung-
tungiini)eil Coreoleuciscus, Sarcoheilichthys, Pseudorashora,
Puntungia 440] Z3t=w] Puntungiael =317] P. herzi¢}
AE37), 7ReE77 23 ook oo B v vk gl
(73 = 2002; 3] 5, 2005). wlehd FReEa)e] whia
| 27480 B4S {7tk 1S AFE
Bl awshl ohest 29k
Aler4Ad oA #]2] Coreoleucoscus splendidus:= wik-E o
22 & Wl <& #e]az(Song, 1977), F-5-o] Pseudoras-
bora parva:= ZN o] Bol= 7oz odejxorn (Han
et al., 2001), =317] Sarcocheilichthys nigripinnis morii 2}
F5317] S variegatus wakiyaer= o]ulj 2 Q1 24 Fol AbRks}
= Aoz »waEeld (73 v, 2002; Kang et al., 2007), =
g 7ReEav)et B, AEU)e 384 o= EEt(brood
parasitism)<- sl= 7o 2 ez} (Babaetal., 1990; 7 =,
2004; Han et al., 2004; ©] 5, 2005; ©] %, 2009). g&t-2 o}
B Foll &S oty 23 9 s E 1 sk Hlow,
27 W7l Fet e g2 Sl dEA qle
= (Davies and Brooke, 1988; Loye and Zuk, 1991), o] ¢l A
= olzelzle] W7 Fel Qe B3] So| =t sl A
o2 ®ByE v} glv(Goff, 1984; Sato, 1986; Baba et al.,
1990; Baba, 1994). 7l=%a17|9} g7, E7]= 354

d

oW

S

Table 2. Comparison of early life history factors among several species that belong to tribe Pungtungiini

Egg Spawned Time of Hatching Days Days .
Species diameter eggs hatching size until until hSpa/\{nl rg References
(mm, mean) (mean) (water temp.) (mm, mean) postlarva juvenile charectenstic
Pseudopugtungia 18~21 87~345 240h 8.2~89 2 10 Brood parasitism and Present study;
teunicorpa (1.96) (218) (23°C) (8.6) crevice spawning Kim et al., 2004
P. nigra 22~23  250~2700 179h 5.6~7.5 9 18 - Kimetal., 1991
(2.1) (20+2°C) (6.8)
19~22 1400~ 1900 189h 57~5.9 6 a4 Only brood parasitism  Leeet al., 2004
(2.2 (1600) (19°C) (5.8)
Puntungia herz 2.0~23 1400~ 1860 186h 59~6.3 7~8 45 Brood parasitism and Baba, 1994,
(2.1) (1640) (29°C) (6.0) crevice spawning Leeet al., 2002
Pseudorasbora 1.3~28 250~ 420 184h 45~55 3 65 Spawning on aquatic ~ Han et al., 2001
parva 1.9 (17.6°C) (5.2 vegetation
Sarcocheilichthys  2.5~2.9 - 252h 9.6 3 - Spawning in bivalve  Kang et al., 2007
nigripinnis morii (2.6) (15~21°C)
Coreoleuciscus - 256 111~114h 52 - - Spawning below stones Song, 1977
splendidus (19~23°C)
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© 2 7A%] Coreopercaherzs 452 slo] X9 A=A}
o ERkstel WAl Aoz BIFHGNoW (R 5, 2004
o], 2004; °] %, 2009), H| < Ea7|¢} H=EU|E €Et o
9ol 22 el &5 flol= AltelE EAjARE (crevice
spawning)e] 2dzl B} 9let (o] 5, 2009, 2010).

fdEate] A S4¢ wlwste] 1 (Table2) A4
=29 F7|E= 77 20mmE e (Kimetal.,
1991; Lee et al., 2004)¢} =17 (Lee et al., 2002), F-3-0]
(Han et al., 2001) 9} §-A}stel ot F37] wop= zgkct Ab
gheke 21872 FEo] (Han et al., 2001) ¢} #)2) ¢} w)<L=3}
go} 7= (Kimet al., 1991; Lee et al., 2004)¢} &1
7] (Leeet al., 2002) Hr}= =gl

23} 252 Aol Rel 2} FleA =efulsh 4= 3
o] Z}=317] (Kimet al., 1991; Lee et al., 2004), =377] (Lee
et al., 2002), Z+-o] (Han et al., 2001), F117] (Kang et al.,
2007)¢} vl A fAFelg o =271 AR 8.6mmE 31
7] (Kang et al., 2007)¢} §-AFstd A qt 7F=27] (Kimet al.,
1991; Leeet al., 2004), E377] (Leeet al., 2002), F2-o] (Han
et al., 2001) BEo}= 731, 27)zpei e} X|oj2 o] o] A7) =
v w4 Z37) (Kang et al., 2007) 9} §Akeld A e ZH=1
7) (Kim et al., 1991; Leeet al., 2004), E317] (Lee et al., 2002),
o) (Han et al., 2001) B.oj= wheic),

Hhegmr|e] 23} AT AR S8 23CAM 2 F
10900181} o] qt R3h A7 §AET wlasle]
vlwA Z317] (Kang et al., 2007) ¢} v]=8}gd =2t 7H=E317)
(Kimetal., 1991; Leeet al., 2004)¢} =317 (Leeet al., 2002),
ZFeo] (Hanet al., 2001), #12] (Song, 1977) Boh= &2 A7k
o it}
g3y Brle] Amwe] Y] wg
4 HA 2ae w ﬂ—t— 9, el2ld Bge B35
e o] A9k YEHo) Cuvierskst
s}z (vitelline ortery) ek (vitelline vein) o] 2+
A kol Afo]E MGt} o] qt AL AletE FollM o2
AEA Wl AbEE sl= ostracophil oA F2 vepde
FA= dATolsht 23RN dehte Sqoz o
2zl v} ¢le] (Baon, 1975, 1985; Suzuki et al., 1985; Kang et
al., 2007) 3% W@ R =7} Besion drEd.

TheEa)e] 27 A BAS g vl A
of s, A3k 37, 332 Sl vlws e
71 8 En7)e} $AME e RAXT 33} Aoje] =27
&} Z7|1Abe] A=) 7|23HA Al7]= F37] (Kang et al.,
2007)} W53 AL Belc

: N
FE

Kl

N

g
L
L

2 o

E7IR7 TheEarle] W 9 2718 o

4
rlr
o
i
_12{_1’
)
At
o,
%2,
£
1°
o
i){
r \(
N

|22t85 R3]
flsf 2010 78 skl *é%%—i— a7l Ovaprlm
+ FAkste dglom Ao AFFAAFHF A
> 73 Bahdow BREHTE A2 ﬁl*ﬂ(’l"“ﬂ% b‘rof
1.96+0.08mmsit}. =& 23°CellA] 44 & 240A|7F 39
5313191 o TE} 2% A7)z} Z7)= ARk 8.6+0.25
mmoiet. $-3 F 29 dEke mF Fgskalem A
9.0+0.37mmz, 33} & 10%17%]]01]% RE Xrgu] 7|z7}
57} Ho] Xof7| 2 o] slyd on] A 10.6+0.44mm=
ARt B3F ¥ 70d Foll= XA 36.0+£2.13mmE F
A =Fulel] - Ho| FAF L ASuMEo] Aol FAFE
Hels 2ok

1r1

7% 1991 FFAF we) FAlokst ol fre] 27
o 2@ ABERed @ 3t
=, 108pp.

FE3|FH. 2010, 47} A HE9 7)1 S F B A

o 5} 5z, 489pp.

- 7491%. 1989. 34k 22} 7-%) o} 7} (Gobioninae) o 2]

m) Aol g ¥l mA T P 733, 1: 24-34,

- ubzed. 2002, g=re] ¥1E-317]. wEHAL, 465pp.

FH5s - o FY - W5 2004 FPNN NN s 2hE

a77], Pseudopuntungia nigra2] &t 3H=-o] 7313]%], 16:

75-79.

A H g o]FF - o] 8F - A - X E. 2005, 7HFo]
Fo =3k 2kl 615pp.

o] Al &, 2004. 7}E317], Pseudopuntungia nigra2] x7]uhe- 2 ¥
A, e et uhaFehS) =, 100pp.

o9Hs - F 53 - ol EA - 252, 2005 el MAlehe TeE
377] Pseudopuntungia tenuicopa®] efgtel] 3s}e]. 20051
o] 73k3] A e 3) - 2.0Py, pp. 4142

o]&d - 2 & - F<$3.2009. E317] Puntungia herzie] =<4t
27}, 20104 EFZ4AlElE ol el s TEste s =X
QoF4], p. 201

o)]28 - F & -FH<3 - 715, 2010. 7}==37] Pseudopun-
tungia tenuicopa®] 271#] WA=k 201049 =44k}
FA) F4ET 3 =2k, p. 192

745 2005. of 5 - A ER 5. HE A74575 (A3 E A2
Z).

%713 2006, BES)7]0] N AFFAIFe] F nE 29
3L A7)/ Ak 3, 537pp.

LY. 2000 AEI1AF P32 F4 Sy ¥, AFE
A5 A 20715 Al B A7
506pp.

S35 2011 HES9)7| 7 Az e A 2 UF
FH BUEE AA += A e w, 250pp.
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