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ABSTRACT

Gametogenes, reproductive cycle, first sexual
maturity(biological minimum size), sex ratio and larval
development of the marsh clam Corbicula japonica
were investigated monthly by  histological
observations. Samples were collected in brackish
water of Gokgang stream, Kyungsangbuk-Do, Korea,
from August 1997 to July 1998.

Sexuality of Corbicula japonica is dioecious and the
species are an oviparous clam. The gonads are
irregularly arranged from the sub-region of
mid-intestinal gland in visceral cavity to reticular
connective tissue of foot. The ovary is composed of a
number of ovarian sac which are branched
arborescent. Oogonia actively proliferate along the
germinal epithelium of ovarian sac, in which young
oocytes are growing. The testis is composed of a
number of testicular tubules, and the epithelium of the
tubule has function of germinal epithelium, along
which spermatogonia actively proliferate. A great
number of undifferentiated mesenchymal tissue and
eosinophilic granular cells are abundantly distributed
between developing oocytes and spermatocytes in the
early developmental stages. With the further
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development of the ovary and testis these tissue and
cells gradually disappear. Then the undifferentiated
mesenchymal tissue and eosinophilic granular celis
are considered to be related to the growing of the
oocytes and spermatocytes.

The spawning period is from July to September,
and the main spawning occur between July and
August when seawater temperatures reach above 22
C. The reproductive cycle of this species can be
divided into five successive stages; early active
(February to April), late active (May to July), ripe (June
to September), partially spawned (July to September),
degenerative (September to October) and resting
stage (October to February). Percentages of first
sexual maturity of female and male clams ranging in
length from 10 mm to 12 mm are over 50% and 100%
for clams over 16.0 mm in shell length.

Fertilized eggs of Corbicula japonica were 80-90
pm in diameter. In the early embryonic development of
C. japonica, the appearance of polar body,
trochophore and D-shaped veliger were observed
around 40 min., 27 hours and 4 days after spawning,
respectively, at a water temperature of 26.5-28.0C.
The size of larvae of early umbo stage was about
185-210 ym in sheli length, 160-180 um in shell height
around 7 days after fertilization.

The correlation of relative growth between the
culture day (D) and shell length (SL) was expressed
by the following simple formula from D-shaped veliger
to metamorphosing stage; SL = 13.300D + 209.36
(#=0.9078).
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AA (Corbicula sp.) & e &5 2 71¢gel A4
2Esls 4% ovdiz dAEE ¥ (Mollusca) +5 %
(Pelecypoda) 3 & (Veneroida) A% # (Corbiculidae)
o] &3l F98 $AAO o] F(H)L 2¥E fu
ghe} AReA FEAFoR F8AEoHY (Lee and
Chung, 1980; Utoh, 1981; Maru, 1981), FH AF =T
gk 9 o8] 73} ¢, F AR s HELE
g Mz Wt == gyjeA s)Udshe AAEA
2209 So2 Qlsle] AYNF Fav) Az AAelct 18
o= E7atn $eutelA Fo A 2 ARFAE A% 7
2259 AAZ7)0 B8 AT+ Lee and Chung (1980)°1
gk FAA C. flumineas] AAF7] ok o]el ujaj o
Eo] AL Miyazaki(1936)2] 2AEd 475 AFes, C.
sandai®) ¥ (Hurukawa and Misumoto, 1953), ¥&4)
A (C. japonica) & A% R WAAR (Fuji, 1957), YA
o] AAZ7] (Maru, 1981), LEAAS A% 9 A4
(Utoh, 1981) 5 $-gjuztel] vzl 3 A77t A= 3l
= #Hojr}.
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A o)A AR s} (Fig. 1). M3 A H 422
A A A AL A (PC-9400, Delta) &
A3}

ARE AR AR jce-boxol Fol AFAR ket F
7} AAlet 2AF (automatic vernier calliper) & AHE-3le]
742+ (SL; shell length), 23 (SH; shell height) ¥ 23
(SB; shell breadth)2 0.01 mm ©$71A] $A%+glw, A4t
g2 AZE (TW; total weight) = 0.01 g 287k AL
ZAstgich
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Fig. 1. Amap showing the sampling station.

QEAY ATl Aol o8 F At shdshe A
o) 271 sieksy] Aistel e AR ARl skl AAR
o ANL 55 gLy, AZAT HE ¢ A R
HEAHE Setel THSES Fogn

=3 ANAE] JYRAT AL YANFIIE )
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Fig. 2. Monthly variations of water temperature and salinity at the sampling area.
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Fig. 3. Photographs of female and male gonad. (Arrow
indicates gonads in female and male)

A, female of Corbicula japonica, scale bar = 1 ¢cm; B, male
of C. japonica, scale bar = 1 cm; C, released eggs and
sperms of C. japonica; D, matured eggs, Scale bar = 60
um; E, spermatozoa, Scale bar = 20 ym; F, female of C.
leana, Scale bar = 25 mm

1.87384
LEAHY A 7)7F Fok 349 A HEa--2 1998

d 840 27.1CE 7P 9o, 19984 289 7.3CE 7}
A vt} FEL 19983 440 AESE sEoE sl
10.4%% 7% 9o 19984 84 392 /M Be 0.1%
olgit} (Fig. 2).

2. 34 %9 R W3

YEARE AZolA GAFToR, AAie YT 43}
W R RE S5 IS Qe AR Ex
A7kA] Ex =] ik A% day i 4Aspyd T4
3] FA Ex3ta o] @A Apde] oy, Azt
At HEA WAde] g AR5l v FEo] £
AfzAS7A F7 A= ojzid. FE3] A5 A A
A&E Afste] 2d oA Wi Fodle W 334y ¢
B0l A= A& AEE £ JUX (Fig. 34), 7L 44
e EH9E & 5 Y (Fig. 3B). 28} 9=t 94
< "7 =HE AALe AE H3 AEE A9 A4S 4
e = A "o

A (Cordicula. leana) 9 73+ ¢29 Ax -‘,:~ #
YL =He 2 (Fig. 3F), 5 453 A=z} opd £32
57 A o] A sttt

3. 99494
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W] Gat 28 ol s Syeazul 444
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Fig. 4. Photomicrographs of gonadal phases of the female marsh clam, Corbicula japonica.

A, cross section of an ovarian sac in the early active stage. Note small cogonia along the
germinal epithelium of the ovarian sac. x 150;

B, section of the ovarian sac in the late active stage. Note unidentificated mesenchymal tissue
and pigment granular cells between the growing oocyte. x 200,

C, cross section of the matured ovary. Numerous yolk materials are seen in the cytoplasm
and nucleolus in the large germinal vesicle. x 200,

D, section of the ovarian sacs in the partially spawned stage. Note the presence of a few
undischarged eggs in the ovarian sac after spawning. x 200;

E, section of the ovarian sacs in the degenerative stage. Note gradual disappearance of the
undischarged oocytes. x 200; F, ovarian sacs in the resting stage. x 150;

Abbreviations: Oo, Oogonia; Oc, Oocyte; dO, degenerating Oocyte; gO, growing Oocyte;
mO, mature Oocyte.
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Fig. 5. Photomicrographs of gonadal phases of the male marsh clam, Corbicula japonica.
A, cross section of the testis in the early active stage. Note spermatogonia along the germinal

epithelium. x 200;

B, section of a testicular tubule in the late active stage. Note the layer composed of
spermatogonia, spermatocyte and spermatid on the germinal epithelium. x 150;

C, testis in the mature stage. Note the enlarged seminiferous tubules containing a great

number of spermatozoa. x 200;
D, testis in the partially spawned stage. Note a few undischarged spermatozoa in the tubules.

x 150;
E, section of the tubules in the degenerative stage. Note undischarged spermatozoa and

disintegrating tissue of the testis. x 150;
F, testis in the resting stage. x 150;
Abbreviations: rS, remained spermatozoa; Sg, Spermatogonia;

Spermatozoa.

Sc, Spermatocyte; Sz,
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AZel GHAMEY 7]+ 10 um AFE FEE S

A o] AZAS RIS AXEF} (Fig. 4A).

WA 27l 27] GRAIZER AR AlFshdaA Wy ol

YA 7 o] Wg Atu]Abel] RARE A} Fof WS |

7 EF1g o2 whgalelth, YEA T} 40-50 pum o2 AA3}

d A g daael Wl F7e) FRa REAE 25
HeRgel A% F4 ausE 1 o) 2o

GEAE7} 60 um AF2 ARAEH daLGES I )
718t 24 29 43 Jo AgxAF S AAst
2, g 7 A AR ) B dRAEES U
< a4 7Y g WPEEA % WS AR ¢
27} s ekl Jdadde] SRule] AR 7tal A4
3kt

T ¢4 YEAXE 2 3277} 80 um AFE Pad
Fel digell 2dstgict o] o QA el o dAAE
7} ag vehd ¥ 27] ARF dRAEE A FekE 5
gglat (Fig. 4C). 9 dAXE d3hn} 9)5q gk A
PAsH, AxAE W3 A% AUHo] 35
Fodolle Ackdt Hol gln WAL Yo 1F X
72 39714 99 <o) F3EHA A YA
2707} HH daarde] Fof Wil A 4 45
& A WEE Qi 7] FA47)9 drAEE| Ho}
t} (Fig. 4D). °]& #& GEAXTEL oA Ax
£ do7 H3t FaEH o9 ¢ daad A=
31590} (Fig. 4E). ol3gk A4 = 3}o] ojo] & A}
3t A AuixlE S5 Az oA AN G
o] 45Ut (Fig. 4F).
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ALE dast v R AdS wEst] 59 ¢
ARATEAZ A5 EAR ASABER ol FoA AR
ot 27) A2 A A2AEES ey 579 23xA
FolA Aoz yehr] ARsiglen, ofg Aldidu]eA
BRAEE ) b= 2313 (Fig. 5A).

AaMBe] AAder} Bep 03] Jl5-s dHA A
el ALAE # opyet ARAEE ] Yehr] AR
AL FFoz WGl o) o HaARe] Wide W
vlgsh rEaAe] MaAg A FHsHA Yepter], A

A7b % o by e AT, FRAE 223 259

AL AR 2RE FoF WS 3 F4 wiEs,
Ay wHelrt 9 A2}t £ (Fig. 5B). Hel€ A
Aol AF FIEHA AAE7Y WRH FHE 45 A
Aibe] 24 g A £2 29 35E o)F3ich 45714
USRS S8 2923 E A7 AaAReE A
AN Faao] HJYNEEN JRAEF] g #oli,
dale) FF AEEAEL A2AHEY] AARAMT 2% F
oHg 4= 9t} (Fig. 5C). Aol Lejuid Futso] U A
o] A9 wEEo] BEEf AL FH=T AH
el 8l o] Ao U4¥ HAET At (Fig.
5D), °JE< & H3} F5EUA AaAFx 95 HE
(Fig. 5E). °] & Alde] 53} 2A=ozhs} FAo E542%
A Fo| thA] Wi} (Fig. 5F).

4. 4437]
ARHoR 240 AAAE Feis 2o 2AZ 44

F7)e 271847, 71847, 447, $EA), H3t 2

HEle a%dd sUAR 7R + YT (Fig 6).

1) 271843 7] (early active stage)
qA9 AS, daide] FEE AT A FAAE}
249 ST gglew, 27] widEq YRAEI 3353

kg

$79 A4E AN Feie AH4e] JAALZ|
dsjgion s RAEst S@sgth o A7l B4
o AAAEE FRelE oles DFEA% T4 ARAEE
o] vhebgteh.

27] B4719) AT 2490 AH BRI,
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2) #7184 7] (late active stage)

A9 AL, daad vl 249 dAAEES] b
Ul GRAIES] 33 on, oy die F vl vd
3t

39 A4, A2AT dolle ARAE, dg-o] AANESH
43 HelFel AAEe] vehie] A A wds ik

7184719 AAMEL 5-740 EH vepych

3) g=:7) (ripe stage)

sle] AL A AR vidEe, dasyd Wil o
Fo g GRAE (2 80 um) Eo] EHIIUE old A4
Auz ol grolA| o A AbT] Aol A YANEE Foluir] of
2§l

9] ASE AaATe] YT ofF grollen, ¥
B8 kA S AEe] oA Wil AAE7]E 1A
o] FHE A& QAT F& P A EFRYY BFL ©)
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Fig. 6. Monthly changes of gonadal phase of the marsh clam,
Corbicula japonica.
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Fig. 7. Egg development of Corbicula japonica.

A, fertilized egg; B, first polar body stage; C, two cell stage;
D, four cell stage; E, eight cell stage; F, 32 cell stage; scale
bars = 15 um.

70 A%, W4 ¥ AN Hikazdgien, ve
AASE HEsAt. Aol 4 F Aoy
# 280 Ag2ATe) A5 AYAH, Hane] 444)
e 9% FUALA FA F A A% e

Hab19) AAEES 9URE 109714 S vlg47)
o AL 109%€ oFa 297 ey,

5. FAEE

dEARL vds AAE At ZR FH6 3] F
XS 3] o Aol THslgernz, At AU 2
A= 7990 ARH 574 AMAl sl 47} AFFER A
SEZ ZAR 23 Table 13 2t}

799 2% 15 mm ®|9F £2FFL A9 whho] §ebd
22 s A vhigs] oy, 849 10-12 mm
42 65%, 14-15 mm 7L 94.8%7} A4l Arfst
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Table 1. The shell length of first sexual maturity of Corbicula japonica during the spawning period from July to September.

Month July August September
M d

Shell ature No..of Maturity Matured No..of Maturity Matured No.‘of Maturity
Length examined ©0) examined ) examined (%)

(mm) Female Male jngiyiduals Female Male ;ngividuals Female Male jndividuals

7- 9

10-12 12 14 40 65.0 2 4 50.0
13-15 58 62 128 93.8 20 30 54 92.6
16-18 4 4 8 100 24 10 34 100 20 20 40 100
19-21 6 8 14 100 12 16 28 100 10 10 22 90.9
22-24 8 10 18 100 6 10 16 100 20 28 50 96.0
15-27 8 8 100 4 6 10 100 16 16 32 100
28-39 4 4 8 100 2 2 4 100 6 6 12 100
31-33 2 2 100 2 2 100
34-36 4 4 100 4 4 100 2 2 100
37-39 4 4 8 100

40-42 2 2 4 100

43- 2 2 100

A B

I lE Aew veytn 53] 16 mm o4 ZAT-E 100% )
AAe] RIS, A% AL W S shlE 94l
A% 10-12 mm 2L 50%, 14-15mm 3322 92.6%
7t el Akt sl A2 detn 4] 16 mm o4 w

LA 100% Ao H7hstgich

6.4
ol AHeE 2
L7} A 94

Ir

2 26.5-28.0ToA FUHozx
%} A7 27.4-41.2 mm HAE| Qo
(Fig. 3A, 3B). ¥ F3Addo® 3342 7Yon 37
& <} 80-90 umgct (Fig. 7A).

FAo] #59 ¢ 3% £A%E Y8, 4 T &
40%-°) A4 24 (polar body)7} &= gl (Fig. 7B).
4 F 1A Aell 2427] (Fig. 70), 247740 44| 27]
(Fig. 7D), 4-5A17F o] 841 Z7] (Fig. TE)E AH 14X
Fol& gul7] (Fig. 8B), 27A% Folle &A= ¢4
Atk £ F 4973 FE f7o] Y45 W4, A, HWy
5ol ¥34 DY A7t £33l (Fig. 8C, 8D).

F4 F 79733E B o) g7k A Yelsten o
wje] 72 185-210 pm, Z2 160-180 umglch. ZAe] §
A 2ol Aule vxd 2oz wEa /1A 8 Bud)
Al ol 53tgon (Fig. 8E), dHF oz AL A sFH A
e ZQstdo. @R ARSshe 20Y4E 7k
15643kl 274 5.6 mm 7HA] A4 A7 238t
(Fig. 8F). 7WAIZF A= AQAT 5747k A{ Y40
g AT} 3o AdggAS FHE A, ARde X
o tiste] ZHA (Y) & Y=14.4X + 209.58 (r*=0.9078), 2+

e o

—~

Fig. 8. Laval development of Corbicula japonica.

A, egg development, scale bar = 80 ym; B, mesentoblast
formation and epibolic gastrulation, scale bar = 15 ym; C,
D-shaped stage, Scale bar = 15 pym; D, post D-shaped
stage, scale bar = 50 ym; E, umbo stage, scale bar = 50
um, br, branchia; f, foot; m, mantle; si, siphon; F, 157-day
young shells after fertilization, scale bar = 3 mm.
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2 (Y) ¥ Y=11.517X + 167.48 (r*=0.8744) gt} (Fig.
9).

il &

Bz

-

rr oX, i,

I FRA dEAHL AZo)H dAFeE, Ya
a2t ol glet. Y& dEAHY i 3
@3biA (Maru, 19814, & ZAA FHA
AR AALE 2 SRR ELslsen
R ) Aol Al B A 942 Aol
A},

A A dge] s AT AFRA,
Pinctada martensii (Lee, 1972), A&, Corbicula
Aluminea (Lee and Chung, 1980), 22}, Turbo cornutus
(Lee, 1980), Bz, Anodonta woodiana(Chung, 1980),
AR ABAH, Corbicula japonica (Maru, 1981), Sk
7N, Solen strictusSt ¥-& B, Solen gordonis (Chung et
al., 1986), 7N=Z7l, Mactra chinensis (Chung et al.,
1987) §olA4 Basy giot

2 xAe] dEAH dh ol 33l rEIEeR3
I AAARAEEE Z7] GAAEY £954710E T3
Al vepdr] Azt drAlEe] AR A9 ulgste 2
7} Fasicr) g5 dadAs A FolE 4 g AR
u| 2o, URAE Aol Bojdhs YN 4R} o9
S AN 27] AR L F13HA e
AAEle) Aol Wiyl S 2AFET AL ME AY
zo} & £ g v B3texAd M2AHE 9A 459 9
FAETZ Aztslct Maru (1981) v LEAA, Corbicula
Japonica®l oA BEUAF WA AAE BFE, WA
g QAN EE A BiEt 2 JUFEAL o] F W3
£ AZE AR A9 FA|, ARl A3 7[R FA3A

Al

S}
13

i ox Lk B
B

o b B
S
o

£ e el

£
)

kv

dutdo 2 AeeAE e FEL WEVIE AWH 44
27} A7 B ANE deld ANAEE B &
ey} (Chung et al., 1986; Chung et al., 1987; Lee et
al., 1997), AB3} 2}, Az, B2ole w45 44
27} BB 7R Fol7bA] 4 Z FEVIE Eol7t HEE A
AAEE YAsl7] AF3} (Lee, 1980; Chung, 1980;
Chang and Lee, 1982). ¥ 373 &AL 44t Al
A, Corbicula fluminea (Lee and Chung, 1980; Lee et
al., 1985) W dEA QEAH, C. japonica (Maru, 1981)
I epazhA 2 ket 3 ALt A AAE A ok F3)
HAA Z olo] 3} widely AixEE 5 AFzZ ]
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A AL} A deb dEAYH-LE BFo] AAH
Z7) 4719 AL A daads AaAD) £ 7F A
B 2478 AU o] AFshe o Ed FE oA Ak
37} Bitsale Aeg A= ol9} o] u|AAIE 7
A 1 AE A A7 A== A 53p)d] B
E ANEZE (Maru, 1981) = AHge] gl Aoz A7}
=}

HF HANE A A5E Apisks HF8eR H
o], dRA|ZH, 4L So] R Y} (Giese, 1959; Lee,

1400
1300
# : Shell Length ¢ R
1200 | [ : Shell Height .
[ L)
1100 |
*n

1000 F  y=13.300x + 20958(7=0.9078) . .
900
800 [
700 [

600 |

Shell Growth (um)

500 '
w0 |
300 :
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N
=) © ] Q © ™ =] ~ [3e] o ~
T 7T ¥ T £ oY ¥ T oo
~ ~ ~ ~ [+ @© @© 2] =] =2 =4
T 33 32 EEEOEOS
© -] @ D -] -] © -] © © ©
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> & =3 =3 > > > =3 > =3 =3
- - - - - - - - - - -
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Fig. 9. Relationship between shell growth and culture day.

1980; Chung et al., 1986, 1987; Choi ef al., 1997; Lee
et al., 1997; Son et al., 1998). ¥ T7d JEAHE 52
o] A&sh= 3, 44 (11.7-16.8 T)oll g FAZF A 7}
AH, $2o] AestaA F7|847E A dF M 2eE
7181 7, 84 (24.1-27.1 T)°l &=, W=, WA sz, $20]
sl 99 & o)|F H3/H| R i) (Fig. 6).
AE EEWHe MAske dEAHY AEble 7-8¥°x
(Maru, 1981), SA= Z4=E dE B3z MElE o
BAH 9A 79 FetE 99 Az} Allolm®
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(Utoh, 1981), d&AH-E +23 A7/t 434S 2
&7} A (summer breeder) 22 AZFHc) w3 A &
o] HAEE 7|27 (Yoo and Yoo, 1984; Kim et al.,
1985; Chung et al., 1986)2} vzl = 7] A2lAe] whd
7]kl w)sle] B WA r)E A= Ao 54 A9

&

e FA3 g A% ARE WS F8T TSRS
2 7 =7l0] A 50%71 2+ AY4lel A7)t
ok 10-12 mmE AU, 27 16 mm °|A =
A AL Aol Arlehe e ® Yyttt (Table 1). ©]
s 42k d&AAY Sl oY, AR Aa
o] 44 dEAHL ¢3 105 mm $7 144
2 Aojstgit} (Maru, 1981). 28y £ F7bd Q&2 AH
Aol whE 27 Aelzt A9 f1glen 238 $3e] gk
o} QAo Arlske Aazkge] oF 1 mm A= A =4}
, QA QRN PEE A B L t2A
24+ Corbicula sandai®] 735 287 i Ao
cm (Hurukawa and Mizumoto, 1954), $-2ue} ¥
P AA, C elatiore 47 17 mm £33 15 mm (Jung,
1977, 35724 C. flumineax 2% 15 mm ©|AHHE 2.8
AL Aol Frtshe Rog Yehd (Lee et al., 1985),
A £ A5 AEIA i Gl v FAbEIC =
A 274 15 mm o)Ae|d A4 NAZ AAHNE Frt g
RAeg Az

Table 1] 744 100%9] FASEE Rol& 2L 8, 94
Azolld A 37ekA] e AR AR 44 10 mm
w]gk el HEt Zk 5 5 wiEe]n, 99l o|n| wEy
5 il AR 2389 ReA 7108 Aeg A=

Ty} ofulslFo] ¢ EAT KA dAel] B ATE A
97} Aol (Yoo, 1969; Kim and Koo, 1974; Choi
and Song, 1974; Choi, 1975; Lee et al., 1977, Lee and
Son, 1978; Kim et al., 1979; Cheoung et al., 1986; Na
et al., 1995; Lee et al., 1996; Lee and Rho, 1997; Son
et al., 1998), #A7IA| QEAHY <A Aoy
gAYl A3 R} glo] & A7 AR Ha¥ £ gtk

A A BRASEKORT ASshe 2ddeE £
sl 1569%tl Holzb 5.6 mm7HA] AR A7 Sd%
R Aol vl FEG o] FFEHAS B of
Adro Aol gntelA s13ste A 4% A4 73t
o] Agl7] WEo R AR

™
>
o
Y,

o

N

o
e

N E e B
ﬁ &
P31

g
ox

%Ng

ot M fH ot vy
Mpr i>h1rl<>5

oN

o of
ped =

QEARe) AQBeT AR AERAE SR AR
W AR, FASE, A $E 24T 29, A3l

RAF7 e 21847] (2-49), 371847) (5-79), $57]
(6-99), ¥-¥4k17] (7-99), H3} (9-109) ¥ w2A7] (10-
Qd 29 95HQ 5 FAR FEE F UoH, WA
T QA& A7) 443 E3hE A gu 2 224 A4
He A vZA7)E A o) E3) B oA E3pr) Bids) A
= gich weid dEAG WA 71 ALk wd)zh
of vl B2 WA s|E JAE o2 54 YA

Ao Z23 BAYE 9P AR ¢ FoF FHEES
2245 A AT 229 50% WA 47 QA Arleke
748 oF 10-12 mmE FAHYE, 44 16 mm °Ate]d
A AWA7E Ao AAvsle Aoz vepgtown], A Atk
£ HaZAgd glo] sk AR Aol &+ glddch

HEs 4L AT e s A% WAEE < 80-90 um
#olo)) glglon 42 955980CHA 54 F o 40%-0] #
A 3A (polar body) 7F BEE T +4 14417 9
£ ), 2747 Eolls FEA|E s oo 44
427428 7o) Y45z A2, AR, @y 5ol £3}

DY A7} £3sgc) A A% Hole AUXL 5
Azke] Aol et A4 Zae] AdAgAE 73 2
, AR (X) ol diste] 2 (V) o AR Y = 144X
+ 209.58 (* = 0.9078), ZZ (V) ¥ Y = 11.517X +
167.48 (r* = 0.8744)2 Yehych
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