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Reproductive Biology of the Slimy, Leiognathus nuchalis
(Teleostei: Leiognathidae)

Jung Sick Lee and Sung-Hoi Huh*

Department of Fish Pathology, Yosu National University, Yosu 550-749, Korea
*Department of Oceanography, Pukyong National University, Pusan 608-737, Korea

Reproductive biology of the slimy, Leiognathus nuchalis was investigated by means of
histological methods. Sex ratio was 1.81:1 in female to male. Developmental pattern of oocytes
was group-synchronous. Testicular structure was restricted spermatogonial testis-type of
tubular testis. The size of first group maturity is 7.5 cm in total length. Gonadosomatic index
(GSI) of female was the highest in July (12.83) and the lowest in September (1.08). GSI of male
was the highest in June (19.0) and the lowest in October (0.24). Hepatosomatic index (HSI) of
female showed to be positively correlated with GSI. Thoracic spot index (TSI) showed to be the
minimum value from May to July when the maturation and ripe season of gonad. Reproductive
cycle of female could be classified into the growing (March~May), maturation (May ~ June),
ripe and spent (June ~August), recovery (August~ November), and resting stage (November
~March). Reproductive cycle of male could be classified into the multiplicative and growing
(January ~ April), maturation (April ~May), ripe and spent (June ~ August), recovery (August ~
October), and resting stage (October ~ December).
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Table 1. Number of specimens and collection date of the
slimy, Leiognathus nuchalis for analysis

Collection Total number Number Number Sex ratio

date of specimens of female of male (F: M)
Nov. 21, 1998 35 25 10 250:1
Dec. 19, 1998 50 23 27 0.85:1
Jan. 11,1999 66 41 25 164:1
Feb. 22,1999 36 22 14 157:1
Mar. 23, 1999 40 27 13 2.08:1
Apr. 24,1999 41 31 10 310:1
May 23, 1999 40 26 14 186:1
June 26, 1999 41 28 13 215:1
July 16, 1999 80 54 26 2.08:1
Aug. 14, 1999 59 46 13 354:1
Sep. 19, 1999 51 31 20 155:1
Oct. 18, 1999 49 25 24 1.04:1
Total / Mean 588 379 209 181:1
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Fig. 1. Maturity with body size of the female slimy, Leiog-
nathus nuchalis.



194 O| & Al -

Maturity [}

Taotal length {cm)

Fig. 2. Maturity with body size of the male slimy, Leiog-
nathus nuchalis.
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Fig. 3. Monthly change of gonadosomatic index (GSI) of
the slimy, Leiognathus nuchalis.
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Fig. 4. Monthly change of hepatosomatic index (HSI) of
the slimy, Leiognathus nuchalis.
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Fig. 5. External morphology and thoracic spot (TS) of the
slimy, Leiognathus nuchalis.
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Fig. 6. Monthly change of thoracic spot index (TSI) of the
slimy, Leiognathus nuchalis.
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Fig. 7. Oocyte developmental stage of the slimy, Leiognathus nuchalis. A: Oogonial stage (I). B: Previtellogenic stage (I1).
Note the homogeneous cytoplasm. C: Initial vitellogenic stage (111). Note the small yolk vesicle and follicle layer. D:
Early active vitellogenic stage (IVa). E: Section of lately active vitellogenic stage (IVb) showing the eosinophilic yolk
globules. F: Mature stage (V). Note the germinal vesicle breakdown and large eosinophilic yolk globules. G:
Prehydrated stage (VI). H: Section of ripe stage showing the group-synchronous development of oocytes. I: Section
of after spawning showing the degenerating oocytes and atretic follicles. Af: atretic follicle, Eyg: eosinophilic yolk
globules, FI: follicle layer, N: nucleus, No: nucleolus, Oc: ovarian cavity, Og: oogonia, Om: outer ovarian membrane,
Op: ooplasm, Os: ovarian septum, Zr: zona radiata.
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Fig. 8. Testicular developmental stage of the slimy, Leiognathus nuchalis. A: Section of resting stage showing the
spermatogonia of interphase. B: Multiplicative stage. C: Initial growing stage. Note the seminiferous tubules,
testicular cyst and spermatocytes. D: Active growing stage. E: Mature stage. Note the numerous spermatids. F:
Section of ripe stage showing the basophilic spermatozoa. G: Spent stage. Note the undischarged spermatozoa and
abundant interstitial tissue. H: Recovery stage. Note the numerous eosinophilic cells. Ec: eosinophilic cells, Sc:
spermatocytes, Sd: spermatids, Sg: spermatogonia, St: seminiferous tubule, Sz: spermatozoa, Tc: testicular cyst.
Uds: undischarged spermatozoa.
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Fig. 9. Monthly change in frequency of ovarian devel-
opment stage of the slimy, Leiognathus nuchalis.
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Fig. 10. Monthly change in frequency of testicular devel-
opment stage of the slimy, Leiognathus nuchalis.

AlFe] AYHEE F
FZH A (Fig. 8-B). 7] 7kl 271 44719
KAl Al AA o] FRlskaL, Aaande] 7HEE,
2 ARA|EE] BEHS (Fig. 8-C). 1|z A%
243719] Aa A AAR] Jelhs BFe] oY
=k
_’t'l_

AolME qlo] Faiat 74719 AU 25
X el
]

Aiade 47 FEESeH, F2 A Az}
AA 25 0] #AF ¢} (Fig. 8-D).

2) A% 7] (Maturation stage)

449 RE 54 Ale|Z GSIE 1.31~5.97=2 2= Z7}3}
E Al7)elth o] Al7]8] AHazAFANME F2 AHEA
E53 Q9714 Ax sutEAd As] GAEE
AR AApEo] HFH Y (Fig. 8-E).

3) ¢k4r 9 ubA Y] (Ripe and spent stage)

o] DA 6Y9HE 8Y Alo]= o|ufe] GSIE 19.0~
3457 AF 7MY ¥ e v & FA43] A4

h=

ARAEEo] A= (Fig. 8-F). A7) ANAE2)

AazA g AR WM E AxbEe] A%
o)

Halow, 252 57l vlste v Frkd A

4) 3] ¥-7] (Recovery stage)

8YRE] 10Y Alo]Z GSIE= 3.45~0.242 F743] 7
ashe A7lelek o A7lel: AE AAES] He - F
Sol A7 o 10um =7)9] AEAe] FAT Felgl
34 AzEe] Z7he 244 (Fig. 8-H)& 1ol )

Agol B eg A3,

5) %] 7] (Resting stage)
109 82E 129 Alo]& GSIE= 0.24~0412 9= 7}
e e ol A7lelth FA719) AL F
)9 AN EET FExAe] FRGF FrzAu

B4t} (Fig. 8-A).

o o

k
ek

B
2
B
o
rlr

N

AF ANae] Ho) 2 Wy T
o AEHA 94 % ol5e) 4
g 5 9ok

FEA Far e, 72+ Encrasicho-
lina heteroloba (Wright, 1992)¢} Caulolatilus princeps
(Elorduy-Garay and Pamirez-Luna, 1994)2 u]Z3t
oo AZe Rl B 5 Qe AXE Z2AAE 24
d gl dasgez FAEM, oA UM EE
o] fref=it.

Grier (1981) % W3- oF2o ALy 15 HFFE
oA £ 4 3li= tubule typed} ARSI 319 om, o
7ol Aaes HETx Az B2 9 XA
zo] ubhd ofAle whe} AYME 8]=A)3 (unrestrict-
ed spermatogonial testis—type)s} AHAME 23
(restricted spermatogonial testis—type) .2 F-23}9t}.
o] 7hed AR Grre] AR AR WYA
ol Fez A zE AL HA ) L2, 212 7
Foll ALHNZES F2 AL 39 A Fx233,
shute]l A v (cystdiell A MM 2 FAl W
she, PR A 7ol AAES AT BHE Rol: )
o]t}

Billard et al. (1982)2 o] 52| A A3e)S =7 Ao
(tubular type)3} A~%33] (lobular type) o2 F-23}9t}.
ARG e WEe AN dom, ade AT



Fejolr], 249 94
e Peeleh. T

82 F=2 A X (spermato-

o rlr

= oft

2R = W7
st SlE M
zeumata =+ spermatophore)E A= AU4A 3
o fell Al & S Qe FxolEE ofF A F2E
ARG 298 F 7HE dredes 5 =
71EEe] FtE o & Aoz Eo

B AFelr] #ER FFH ] Aae TR # 72
E 7, ARANZES FE Aaodw BT AR
of EAeta, A4 adule] AN EES 22 id o
Al &3he, A5 AEAAFE] o2 H9 oA I
oA RS AT F9jelA fEHT= AHellA Grier
(1981)9] 713t vlwsl] & o, Al#s hE A<Mz
Aol e & 5 Q-

dubq oz x|l AAEe o {2l Al-e uhE
AR e = EAIARES (spring spawner), F81A| AF S
(spring to summer spawner), FA] A8 (autumn spaw-
ner) @ =7 A= (winter spawner) &2 FE-E ) (Sh-
imizu and Hanyu, 1982; 1983).

2 QAT FEAY F AR TYRRE sYz
2 zAEgone A nhe AR FeA A
ol &kt

F3lA A2 o7 719 Solea lascaris®} S. impar
(Deniel et al., 1989), Atherina boyeri (Tomasini et al.,
1996) 12]31 #A]d], Cynoglossus joineri (Lee et al.,
2000) 5ol FAaA S-S vlwA Fe 7]7ke] o] Fe]X]
B, FEAS F2ASE ols) 2L 54 nelnh

o 2] Al 0 AR FAT 4 Ax A= F
o shtz AYLFRASGS)IE A4 g, o
u] By% 7E33 X, Rudarius ercodes (Lee and
Hanyu, 1984), A =}=-, Chasmichthya dolichignathus
(Baek and Lee, 1985), pike, Esox lucius (Treasurer,
1990), Siganus sutor (Ntiba and Jaccarini, 1990), %5
o], Boleophthalmus pectinirostris (Chung et al., 1991),
Salmo trutta (Maisse et al., 1991) 18|11 Z=Z7}H=,
Scorpaena miostoma (Lee et al., 1997a)2] GSI&= 47|
vl sFzle] M7= 0.2wfell A WA= 200 o]} ¥
Hnow BIHE QI

BHARE 2 ATl A 5Ll A 7Y Abo]ol
Z12] GSI7} §k719] GSIxT} of 50 % o] ¥ 7o
FAE ] A - F B (1965)9] Barel fAkeE A3
Boled, o9} 22 Al daiME FF AEAQl o
T7F st et Ao

A 2FA = (GS) 9} A=) LA A WHElse
FFA T HSH)E 52 472 Al GSlet &

)

T AR Foz o F3}
o]
L
=]

g

rTr
N
ol
4>

g5 o7 199

A3t Aoz WISl e, o3 AHIF He,
Pampus argenteus®} =4, P. echinogaster (Lee and Jin,
1989), xn], Hexagrammos agrammus (Chung and
Kim, 1994), ©A}o], Ditrema temmincki (Lee et al., 1995)
oAl B 4 glth. a3 wiAke, Anguilla japonica (Su-
gimoto et al., 1976), 7233 %], Rudarius ercodes (Lee
and Hanyu, 1984) @ EXx]7}#}b1], Limanda yokohamae
(Lee et al., 1985) 59| A]= HSIZ} GSIg} GAM#o = W
3hato}. o] ¥ W3t oFite]l MR o A dRA Ze
A= FEATEAL] A4, AT F o] 8AI7I7F A
2 ga2u, =3t A Aol Zadt oyA|e] 4|7} of
Zoll wet M2 g27] wfolot

X 77 (An, 1995)¢} =FAle], Ditrema temmincki 427l 4]
ol xHd Aol U<l SA =] Ax ZHeo] Wsle] o3
A g 9 wu|A7]E Fhebst vt 9l (Leeet al,
1996).

B AFelA FEAe 7R n] ol Fel kA
o] WHdg 7HA™ o] & b el Ad Am= A]HoR
Zpolg Heled, olF A3l 7hEubAS (TSI)
2 BAIBLA TSI Y W3S & Z 54X 7¢ A
olell &= oh& Al7]ell wls o 122 uigiet. wpeir] F5
Aol A 7hEubd ] 242 S H kEATYE & S+
U TAAA gz o843 4 & Aelth

AFo el dRAMES] RS Fol ot g4
x}o]7} 9l=4d|, Wallace and Selmen (1981)2 o]& Z7]
Wk (synchronous), W57 (group-synchron-
ous), B]Z7|¥=38] (asynchronous)?] A 7[R =& &3}
et

FEAS) ARAE WP S 6] A%
Woll A FAA =, 3 A A
ERAE, G A7) deA
o] FAF AL, o] rhv] 313
o} AedrAzEe] B $£E AAFE
cholina heteroloba (Wright, 1992) 5-2] % =
A 2 4 9l e e S5 Ao B
Ao

aAgEe dudE wRAgel Azl o o
43 #H e F2EE I (egg stalk), WA
(zona radiata), 33 (yolk nucleus) % <l (nucleolus)

o

0 L

g

&l

a9

oldt

0.?1"4

oX
Hd E L
Cofo B



200 O|=Al .

ol aleh o Zhed] Wy WAk duA xe) o)
A 3}=7] (exogenous vitellogenesis)Z} LA st A 7}
glom, ekl e dmAze] YAH Y
(endogenous vitellogenesis)z} WA s #A 7 Qo
(Beams and Sekhon, 1966; Wallace and Selmen, 1981).

T2 dRAZ wEIAA A I F3ke 2
A edskont, A EF F upabd o] WY Tn
Q9] BRI} HAHGome FEH FuAE] B3
AL d5E A2 7o vBERVHAR A FEkEA
F HAH FEEH F A2 A4

oo ARt & AE dRAZe] EHIL - FaE A
4aHA o] A& AA = A4 7] HA=
A AL Az B3 AN 2 eE oz z
AAZ Ahgel % Wae) F4 T AAE

\ )

4

o] £33} =g, o HAE dEAE
E

T2 B3 o]t} (Saidapur, 1978).
SHAIRE o] 7t FA L o) Foll mel 7 AL A8
e B Aholsk glelAl FeHul AN Fu A
e g A 2o 3 2 B0 AgelE 9

iy FEAFHARE o] 7hEd v WA
Ao et 2 Abe] Fz AAE Gl o (Lee et
al., 2000), Z2=7}¥, Scorpaena miostoma (Lee et al.,
1997a)3} & AFolA F5A ] Aol
ol sleksle £A4e] F2 BAT U,

e drAze] £ duAze] WA v ue}
Sa Aolr} olrd, 2E HAFEE 7 FANE %
33 A A J=A) Z (previtellogenic oocyte) 7}-2-4 /\Eﬂ
2oz 40 AR Aol H3h - F47) FA9
o} (Saidapur, 1978). 3}A|qF RE Be@n]A A A=A
A I duAze E3 . 34EHA] 47 oe
o whade] Fold Aoz 32| kv, oleja
—8— spetEn A Qo] A & Heoz A7
cmEb 23 AR G 2] E3 - F5)
Fafj M= v T2 9 AH R = A ARE
= AF7} A s olok & Folo,

o1 F SAe) AT FHE AFA Aolol Tha 7

F2 A WA

ol slov, % $93471% A% 23t sl
Aa] ol A ABELYS) Aol 3 AR

AT 2 QAT EAZA 9} AR B
Fo EFAZ AL 19004 49 Aolol RAZA S
el 234 712 A Ee) ZEse) 45

F= ZtolH 7] 3=t

2 ATl e 8] Ha 2AgIAE 47 @* 10
um =7)9] AEAe] 74 J Az o
2 e, ﬁlﬂiﬂ Hl %*l:?‘—i o] wj-¢- %WE}FJO%

e Eaiv} a}aw °l—‘é— SEDIECREDEE 2
el ke ANz Hat - Fel Aol
SIA1 gt 24 & A7} slert FAE DBl

Y e 230 3y} D ostee 2o
~ Q
x|
9] gk 4 AuE 1.81:12 A9 H| g ¥

=
A ebteh Al B S e wE e &
Aol AE 2GS JUAZ B0 G2 & 5

2 2AEAS @7 BHEFTHAS (GS)E 74
12.8302 7} =¢k7, 99 1.082 7}AF Ieio) 4=
22| GSIE 690 19.002 7} =9k, 1044 0.24

= b ik gAe) BEFA S (HS)E GSIsH e
A% WakE weTh RN S TS A Le)

O-

A% 9 2547130 5URE 79 Aolox Yt e
weeh RS AANFE 447 (3~59), 457

(5~6%), % B A7) (6~8Y), 3%7] (6~119) L
F47) (11~ 392 FEE & AN 270 44
e BdEA 9 447 (1~49), B%57] (4~59), &
9 w7] (6~89), 557 (8~109) 123 FA7]
(10~ 1292 F2& 4 AL

H

I I )

=0 0 =
ol g &2 ¢

An, C.M. 1995. Reproductive cycle of the spring—spawning
bitterling, Rhodeus uyekii (Pisces : Cyprinidae). Korean
J. Ichthyol., 7 : 33~42.

Baek, H.J. and T.Y. Lee. 1985. Experimental studies on the
mechanism of reproductive cycle in the longchin goby,
Chasmichthys dolichognathus (Hilgendorf). Bull.
Korean Fish. Soc., 18 : 243~252.

Beams, H.W. and S.S. Sekhon. 1966. Electron microscope



studies on the oocyte of the fresh-water mussel (Ano-
donta), with special reference to the stalk and mechani-
sm of yolk deposition. J. Morphol., 119 : 477 ~502.

Billard, R., A. Fostier, C. Weil and B. Breton. 1982. Endo-
crine control of spermatogenesis in teleost fish. Can. J.
Fish. Aquat. Sci., 39 : 65~79.

Chung, E.Y. and K.Y. Lee. 1994. Structural and histoche-
mical changes in the cyst cell and the interstitial cell in
the testis of a teleost Hexagrammos agrammus asso-
ciated with the reproductive cycle. Korean J. Ichthyol.,
6 :193~205.

Chung, E.Y. and S.Y. Kim. 1994. On the maturity and
spawning of the greenling, Hexagrammos agrammus
(Temmincki et Schlegel). Korean J. Ichthyol., 6 : 222~
236.

Chung, E.Y., C.M. An and T.Y. Lee. 1991. Sexual matura-
tion of the bluespotted mud hopper, Boleophthalmus
pectinirostris (Linnaeus). Bull. Korean Fish. Soc., 24 :
167~176.

Chyung, M.K. 1977. The fishes of Korea. lljisa, Seoul,
727pp.

Colombo, G. and G. Grandi. 1995. Sex differentiation in the
European eel: histological analysis of the effects of sex
steroids on the gonad. J. Fish Biol., 47 : 394 ~413.

Deniel, C., C. Le Blanc, and A. Rodriguez. 1989. Compara-
tive study of sexual cycles, oogenesis and spawning of
two soleidae, Solea lascaris (Risso, 1810) and Solea
impar (Bennet, 1831), on the western coast of Brittany.
J. Fish Biol., 35 : 49~58.

Elorduy-Garay, J.F. and S. Pamirez-Luna. 1994. Gonadal
development and spawning of female ocean whitefish,
Caulolatilus princeps (Pisces: Branchiostegidae) in the
Bay of La Paz, B.C.S., Mexico. J. Fish Biol., 44 : 553~
566.

Gauld, J.A. and J.R. Hutcheon. 1990. Spawning and fecun-
dity in the lesser sandeel, Ammodytes marinus Raitt, in
the north-western North Sea. J. Fish Biol., 36 : 611~
613.

Grier, H.J. 1981. Cellular organization of the testis and
spermatogenesis in fishes. Amer. Zool., 21 : 345~ 357.

Grier, H.J. 1984. Testis structure and formation of sper-
matophores in the atherinomorph teleost Horaichthys
setnai. Copeia, 1984 : 833 ~839.

Healey, M.C. 1971. Gonad development and fecundity of
the sand goby, Gobius minutus. Trans. Amer. Fish.
Soc., 3:520~526.

Lahnsteiner, F., R.A. Patzner and T. Weismann. 1994.
Testicular main ducts and spermatic ducts in some cyp-
rinid fishes I. Morphology, fine structure and histo-
chemistry. J. Fish Biol., 44 : 937 ~951.

g5 o7 201

Lee, J.S., C.M. An and P. Chin. 1995. Sexual maturation of
viviparous teleost surfperch, Ditrema temmincki.
Korean J. Ichthyol., 7 : 150~ 159.

Lee, J.S., C.M. An and P. Chin. 1996. Copulation and em-
bryonic development of the viviparous teleost surfper-
ch, Ditrema temmincki. J. Korean Fish. Soc., 29 : 26~
34.

Lee, J.S., J.C. Kang and S.H. Huh. 1997a. Gonad structure
and reproductive cycle of the smallmouth scorpionfish,
Scorpaena miostoma (Teleostei: Scorpaenidae). J.
Korean Fish. Soc., 30 : 627 ~633.

Lee, J.S.,, S.Y. Kim, K.H. Ma and S.H. Huh. 2000. Repro-
ductive cycle of the female red tongue sole, Cynoglossus
joyneri (Teleostei: Cynog-lossidae). J. Korean Fish. Soc.,
33 : (unpublished).

Lee, J.S., Y.K. Oh and S.H. Huh. 1997b. Fine structural
observations on spermatogenesis of the goldeye rock-
fish, Sebastes thompsoni (Teleostei: Scorpaenidae). J.
Korean Fish. Soc., 30 : 1005~1012.

Lee, T.Y. and I. Hanyu. 1984. Reproductive cycle of small
filefish, Rudarius ercodes. Bull. Korean Fish. Soc., 17 :
423~435.

Lee, T.Y. and J.J. Jin. 1989. Studies on the fishery biology
of pomfrets, Pampus spp. in the Korean waters. 2.
Gonadal maturation and spawning. Bull. Korean Fish.
Soc., 22 : 266~ 280.

Lee, T.Y., Y.J. Kang and B.D. Lee. 1985. Reproduction and
population dynamics of marbled sole, Limanda yoko-
hamae. I. Reproduction. Bull. Korean Fish. Soc., 18 :
253~261.

Maisse, G., B. Mourot, B. Breton, A. Fostier, O. Marcuzzi,
P.Y. Le Bail, J.L. Bagliniere and A. Richard. 1991.
Sexual maturity in sea trout, Salmo trutta L., running
up the River Calonne (Normandy, France) at the ‘fin-
nock’ stage. J. Fish Biol., 39 : 705~ 715.

Matsuura, S., M. Matsuyama, Y. Ouchi and T. Hidaka.
1987. Maturity classification and group maturity of the
red sea bream Pagrus major. Il. Male maturity. Mar.
Biol., 96 : 169~172.

Ntiba, M.J. and V. Jaccarini. 1990. Gonad maturation and
spawning times of Siganus sutor off the Kenya coast:
evidence for definite spawning seasons in a tropical
fish. J. Fish Biol., 37 : 315~ 325.

Saidapur, S.K. 1978. Follicular atresia in the ovaries of no-
nmammalian vertebrates. Int'l Rev. Cytol., 54 : 225~
244.

Shimizu, A. and I. Hanyu. 1982. Environmental regulation
of annual reproductive cycle in a spring-spawning bit-
terling Acheilognathus tabira. Bull. Jap. Soc. Sci. Fish.,
48 : 1563~ 1568.



202 o| ™Al

Shimizu, A. and I. Hanyu. 1983. Environmental regulation
of spawning-period in an autumn-spawning bitterling
Pseudoperilampus typus. Bull. Jap. Soc. Sci. Fish., 49 :
895~900.

Sugimoto, Y., Y. Takeuchi, K. Yamauchi and H. Takahashi.
1976. Induced maturation of female Japanese eels, An-
guilla japonica by administration of salmon pituitari-
es, with notes on changes of oil droplets in eggs of
matured eels. Bull. Fac. Fish. Hokkaido Univ., 27 : 107
~120.

Tomasini, J.A., D. Collart and J.P. Quignard. 1996. Female
reproductive biology of the sand smelt in brackish
lagoons of southern France. J. Fish Biol., 49 : 594 ~612.

Treasurer, J.W. 1990. The annual reproductive cycle of

Received : August 2, 2000
Accetped : September 12, 2000

- 5143

pike, Esox lucius L., in two Scottish lakes. J. Fish Biol.,
36 :29~46.

Wallace, R.A. and K. Selmen. 1981. Cellular and dynamic
aspects of oocyte growth in teleosts. Amer. Zoo., 21 :
325~343.

Wiebe, J.P. 1969. Endocrine controls of spermatogenesis
and oogenesis in the viviparous seaperch Cymatogaster
aggregata Gibbons. Gen. Comp. Endocrinol., 12 : 267 ~
275.

Wright, P.J. 1992. Ovarian development, spawning fre-
qguency and batch fecundity in Encrasicholina hetero-
loba (Ruppell, 1858). J. Fish Biol., 40 : 833 ~844.

HA M- B LEB. 1965 v 4 7 ¥ AREMRE EINCO
WL REMETE, 13(2) : 45~ 49.



