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A Study on the Growth of Pen Shell, Atrina pectinata japonica Transplanted
into Duekryang Bay in Southern Korea I . Environmental Factors and
Transplanted Effect on Different Shell Size Groups

Moon-Ho Yang, Sang-Duk Choi, Yong-Gil Rho,
Sung-Yeon Kim and Choon-Goo Jung

South Sea Fisheries Research Institute, National Fisheries Research and
Development Agency, Yosu 550-120, Korea

This study was carried out to investigate the environmental quality and the growth of transp-
lanted pen shell, Atrinna pectinata japonica. Followings are the results of growth of transplanted
pen shell with respect to the shell size groups from the natural habitat (Usando) in May 1995,
and cultivated upto November in the transplantated area (Soomoonri).

The water depth of transplantated area and natural habitat were 3 m, 20~ 25 m, respectively.
The seawater temperature of the two culturing farms were ranged of 10.9~27.8C, 8.5~30.0C,
respectively at the lowest in November and the highest in July. The seawater salinity of the
two areas were ranged of 29.54~35.26%, 28.75~36.31%, respectively at the lowest in July
and the highest in November. The phosphoric acid (PO,-P) of the two areas were 0.09~1.14
Mg-at/l, 0.23~1.33 Hg-at/¢, respectively at the lowest in June and the highest in September.
The bottom type of the two areas was a silty mud, 85.23% (82.17~87.26%) in natural habitat
and 92.12% (90.76~92.94%) in transplanted area. In this study area, phytoplankton were
composed of 19 species. Of these 19 species, Skeletonema costatum was dominant species in
seawater between natural habitat and transplantatied area, and 157 cells/mf, 165 cells/m¢ at
August respectively. Stock of phytoplankton in transplantated area were more than those of
natural habitat except June and November.

The growth of shell length, shell height, total weight, soft part weight and posterior adductor
muscle weight of pen shell on different size groups(SL 10, 10~15, 15~20, 20 em) were
excellent in shell length of 10 ¢cm group, and 99.32%, 107.66%, 871.09%, 951.26% and 1,223.
76%, respectively. The survival rate of pen shell was 98.10% in the shell length of 10 cm
groups, 90.35~94.76% in the others groups.

The growth of shell length, total weight, soft part weight and posterior adductor muscle
weight of pen shell in transplantated area were more 1.3, 2.6, 2.7 and 4.5 times than those
of natural habitat.
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7\ZM, Atrina pectinata jaonicat ARt
Aapkah delike] S8k, oz, At 52
AUAR FAE ZEEANAHEE 4 40m oA
7R FAE olFo AAEEsE 2 et FH
W & olusffrolch FI2ME HAtA A
AAAE Azt JEsta Qlew, o Y4
e 19901 E0l 15,299(MT)S H 22 19934
o 3,321(MT), 199544l 3,634(MT) 22 A4
st A wid A3 FFS FAsdcH19964 ¢
FAAZD). A4 A7t o= whlskE Al
A T HAEEE A3 AAFRY Ha, A
ol ol E g HolAE HHF 5 ToF AAol
o) =gln] B3] 49 nigtEs) i Ao
el 2dek(3, 1980, 19815 7 5, 1982 : 9
fr, 1984). whebA] gk e 2l X\ sAy At
ol A F4le] g HFmog olisie], ¥l
AhFE ol At Ad A MHEE Ao B
& HAFHU A AL He ol A
872, FIZ2ME AAHLE ALY FEE A
& 8oz o|8% & glor 53, T L
= FeEl 722 A ute] Qlo] F2 317ke g gol
ZHlEled 2 AAAEke] oF 80% = kR UE
ol == Adok(H, 1991 Sperling and
Bahr, 1983).

7129 A& AMAE S E FHsle
Zo) Aok st AFAF #HE AFE
Al 27149 dA7ARE ARE S FHA
Ao A 854 Rl o, Ay
7t 25l Ao ofsled A/ g e
A E3lo A7Fe] MFlo} o]Fo] X1 QU £ F
o] iy ATE %&(1938)7F Yo Fuat
F1ZME ddez Al AHmel £33 2 A
Holl g A7t Azo|eb(HH, 1956 5 A4 -
Kk, 1984 : HE - I, 1986 : Koga and Na-
katake, 1991). 3k, 2-2lvzlellAE #(1980)
7} 1z =Z7I9k FERke] AuHAl) HE
ATE Aoz o #(1984), A 5(1985),

A ET

A 5 (1986), & 5(1995)00 oJall A Arek§
dhol] oj3t 27] AF FHALAY 2 HA B
FA9) 27147 gt A7t Ydglet o] Ao
o8 AR IE obF Hasx] gk 9},

B AE 2kl @R A1 2AE FARA 6
olAjgt AL shA wIAR] oA 7|FS sl
2} o)A A wZke] A7 W AAEI} 9 oA
B73e 2ARACh
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1. o A#A =

BAZAE AAAA F o] AR A wfY
A&l H A Hegsle] AAigich 22 Na-
nsen MF7|2 AQA 9 NFE AHslo] Pl
A FEE AT X, e AEARE A% o
H(salinity)-Z FEZFA71(Inductively couled
salinometer ; Watanabe Model 601 MK 1)
2 Z=Asgn SEA44(Dissolved oxygen s
DO)E Winklerdd 7HEhHQ) ik wyjog
2Astgon, 3}3tA A4 Q F#(Chemical ox-
ygen dissolved ; COD)-& d7te]l a7tz
ez ZAE Q4A(POsP)E Ascor-
bic acid¥, &2 Uo}d £ (NH,-N)+ Indolphe-
nold, °FAAEA(NO,-N)-Z Sulfanilamide-
NEDH, #4HEA4£(NOs-N)2 Cadmium <1
Holl o8l wMATFH o, §EF 71 4(Dis-
solved Inorganic Nitrogen ; DIN)& & ue}
A4, opAAA L 9 AL FHFo 2 YehY
Ak,

I, AEAEET
‘_TL76‘ 30 cm, uo““-% 50 #mg] a Lo
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collAl B AzE Pz AYS PR
w, 0.062 mm olsh YAI7} 80% ol FYuhE L
(mud)Z FEasic,

-

2. A7) ARAE L S E =X

ARG (EFHE, 4 20~25 m) 9 A
o skl A AAsta e F1ZME o4
Aol AHgstedel, zhdFal A (ols) A4
Z2eh ) YA ] 12X8 mE T34 10
cm oldEE Z1EMNE BT ARAHs A
A7NEg FEIE, o] lel] 10~15 cm7-(FHF
14.2 ¢cm), 15~20 cm7-(3¢ 18.2 cm), 20
cm (BT 20.2 cm) & HEU) E3, b oF
10 cm ©J3}gt dolde AAAA A F2H9 2
AFste] 2 10 cmF(FF 10.3 cm) & YA
A1 29} o)A lof] AA#HH(Fig. 1). o4& 4
A7 A (EERY, HkzA #4 3.
0 m)oll (5 X700 cm) 2} poly propylene
2EZ(P1 cm)E 4 &A4RE F8(12X8 m)
3 2 el 1 m*(1X1 m) e AEF 2405
FEsta PL(delpitdts 12N oAAY
g Aok (Fig. 2). olAbEe 7129
ZHPRE ofefFro g A sto] T A2SH
ol 1ZM ZAol 90% AEE EolA stz A
AZ oF 1 cm E2FHAIRI] 2AVHHE ¥
At

AEE 30vtel/m?4 37 A9E S2AMNE
Z Ao AR 25553 HYo] HEE
slod 1995 59U 119 ol st Fl=Me] A
AE A AEEL olAFHE 114 30¢71A 199
2 F< oY 1304 AHB] ZARIRI . HAE
g WFFHF/FFF— AFFF X100, AAF
AFe SFF/FFE+WLFEFX10022 73}

Arh
2 3

L AR A=A

AAAAY SHE(SFE 1 A 20~25

- o ANt At
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Fig. 1. Location of the study area. A : Natural habi-
tat, B ; Transplantated area.

Fig. 2. Schematic diagram of experimental design
for the transplantation of pen shell, Atrina pectinata
Jjaponica.

) & o] AX FFE(5F AR 4 3.0 m)
o] 4%+ Table 19 Yehidch HA4L
gl 2 YAAA A oA RN 22 11¥
(10.9C, 8.5C)3 7€(27.8T, 30.0C)0l vehyk
t}, 144} 9] -2 10.9~27.8CH o, o4
2ol A& 8.5~30.0C ek AAAA] F o] A4
A FEe Zzh 29.54~35.26%, 28.75~36.31
%Rom, BEML(DO)E 5.05~7.34

o 2

hi]

7_'1-2'1-

—195—



GES - HAY - =82 - AAA - FEF

Table 1. Values of water quality parameters between the transplantated area (Soomoonri) and natural habi-

tat (Usando)

Sites Date W.T Salinity DO COD PO.-P DIN Mud ratio
© (%) (me/e)  (me/0) (Mg-a/l) (Hg-at/l) (%)
24, May 19.2 33.44 6.87 1.64 0.20 2.08 86.80
29, Jun. 22.5 33.14 7.03 2.57 0.09 2.61 87.05
30, Jul 27.8 29.54 5.45 1.78 0.43 4.04 85.67
NH 28, Aug. 235 31.62 5.05 1.85 0.19 3.70 83.33
27, Sep. 20.0 32.00 6.52 2.14 1.14 2.38 82.17
30, Oct. 17.2 33.06 7.20 3.40 0.21 3.46 84.31
30, Nov. 10.9 35.26 7.34 4.00 0.23 4.17 87.26
2, May 16.9 33.44 6.22 2.69 0.49 2.78 90.76
30, Jun. 23.2 31.89 7.58 4.91 0.23 1.94 90.89
31, Jul. 30.0 28.75 6.03 1.18 0.35 4.41 92.52
TA 29, Agu. 28.0 29.54 5.03 1.78 0.95 3.79 92.86
28, Sep. 21.7 31.11 6.50 3.23 1.33 391 92.46
31, Oct. 17.0 33.96 7.20 2.62 1.01 3.81 92.39
30, Nov. 8.5 36.31 5.54 3.63 1.16 3.11 92.94

NH : Natural habitat, TA : Transplantated area.

mé/¢, 5.03~7.58 mf/eQgem, 3pehA A4 QT
(COD)& 77} 1.64~4.00 mé/e, 1.18~4.91
me/E2 FAAA L o] HAHA Tol] E Aol §h
Kot AR R} o] A A7} HidtEo] thik 2
Al vdebgeh 1A1I(PO-P)-2 27 0.09~1.14
Hg-at/l, 0.23 ~1.334g-at/l3l, SEF7 24
(DIN) = ZH7} 2.08~4.17 Hg-at/é, 1.94~4.41
Hg-at/8 o8 QAR g} o] AR Aol 79
it

ZAAZ B FEY NBIHAEL F 19F
o 2A FZFI WRES AXsiAh DAY

g o] AAJol|A] AEEHTE-L 8Yoll 525 cells/
ml, 516 cells/m 2 74 EA) Yebst e, 1€
76 cells/mé, 70 cells/méZ 7} 32 UsE B
Sk BAAA g oA Aol A §-HF2 Skeleto-
nema costatum, Chaetoceros debilis, Chaeto-
ceros decipiens &°19129, 1 & S. costatum<
8ol AAARA F o] A Aol A 242} 157 cells/mé,
165 cells/méol i}, EHH, AA4]A] A o] 4 A]
A ARSI ES] QEFS A9 T2 LR
sl vk (Table 2.).

AAYE FAL 9A4AY F9 0.25 mm
ol el 2z g wal ARl 14.77% R UA

(mud)A o] 85.23%(82.17 87.26)°|%2H,
oA AE 0.25 mm o)de 27 8l w4
Fo| 7.88%, UZAE-o] 92.12%(90.76~92.94)
2 oA A7} YA A Ee] 6.89% (3.71~10.69)
=4 Jebgri(Table. 1).

2. o|Asl Il 27E AA=

Egut AHQl #7a] ddd eMYEt 27
W2 o) Agt zhae] AAe ZH4 10 cm, 10~15
cm, 15~20 cm 3 20 cm AlgFllA ZHzk 10,
22 cm (99.32%), 6.44 cm (45.26% ), 3.05 cm
(16.75%) 2282 2,62 cm (12.96%)& F7}t3l
glck(Table 3, Fig. 3). 22 AA-2 517 cm,
2.83 cm, 1.97 cm ¥ 1.6 cm& F7l3lglon,
HAZeke 7k7} 179.88 g, 151.79 g, 110.01 g ¥
126.37 g2 Z7FsttH(Table 3, Fig. 4). &3
SEuke] A2 77k 7572 g, 64.88 g, 40.98
g 223 34.26 g2 F7Fstgich 3H AR (F
#Hzk) o] Az 10 em, 10~15 cm, 15~
20 cm % 20 cm AlEFlA ZHZ 22.15g
(1,223.76 %), 17.90 g(159.82%), 13.71 g(65.72
%) 283l 10.32 g(31.87%)22 F7ksisdch
(Table 3, Fig. 5). &, 74 10 cm Al@ oA
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Table 2. The list of phytoplankton species occurred in Duekryang Bay between May and November

(cells/mé)
Station Natural habitat area Transplantated area

Species Month 5 6 7 8 9 10 11 s 6 7 8 9 10 11
Asterionella glacialis 2 2 8 18 2 5 3 2 8 14 7 8 3
Chaetoceros curviseturs 13 30 1 15 11 15 828 1 2 1 14 7
Chaetoceros decipiens 2 6 51123 17 8 13 4 9 55129 7 11 10
Chaetoceros debilis 2 13 60 91 11 36 9 7 12 62 83 9 29 7
Ceratium furca 11 3 21 9 1 2 2 12 6 3 2
Ceratuim fusus 10 1 33 4 1 11 3 39 7 2
Coscinodiscus radiatus 2 5§ 8 18 2 7 3 1 5 9 9 9 3
Dictylum brightwellii 5 4 6 2 1
Fucampia zoodiacus 4 22 12 18 6 19 3 S 24 14 13 7 17 2
Leptocylindrus danicus 3 4 9 15 s 0 2 5 12 13 2 2 3
Navicula distans 2 6 12 18 7 3 3 2 7 15 3 1
Nitzschia longissima 3 3 5§ 8 7 4 2 2 4 6 9 7 3
Nitzschia seriata 3 5 4 9 8 26 12 3 6 5 9 7 29 13
Paralia sulcata 15 12 7 7 3 9 8 9 9 9 6 2 10 9
Pleurosigma sp. 2 1 1 1 7 2
Rhizosolenia setigera 4 3 13 9 2 4 3 4 S5 11 11 9 6 5
Skeletonema costatum 31 21 26 157 23 5 4 37 20 25 165 18 7 5
Thalassiosira sp. 4 21 8§ 10 2 9 4 5 20 9 1 4 8 3
Tintinnopsis_sp. 1 4 2 1 11 2

Total 111 159 278 525 89 160 76 114 156 286 516 94 167 70

Table 3. The growth of pen shell, Atrina pectinata japonica among different size groups between May and

November, 1995

Size Initial Final
group SL SH ™ SPW PAMW SL SH ™ SPW PAMW
10cm 10.29 4.83 20.65 7.96 1.81 20.51 10.00 200.53 83.68 23.96
11~15cm 14.23 7.48 94,32 42.68 11.20 20.67 10.67 246.11 107.56 29.10
15~20cm 18.21 9.29 189.29 83.59 20.86 21.26 11.26 29930 124.57 34.57
20cm 20.22  10.20 225.23 109.37 32.38 22.84 11.80 351.60 143.63 42,70

SL : Shell length(cm), SH : Shell height(cm), TW . Total weight(g), SPW : Soft part weight(g),

PAMW : Posterior adductor muscle weight(g).

27 10.29 cm>7} 20.51 cmE 99.32%, 241 4,
83 cm7} 10.0 cm & 107.04 %, AZEE 20.65 go|
200.53 go2 871.09%, %3 7.96 go] 83.68
g2 8 951.26% % INFFF 1.81 gol 23.96 g
22 1,223.76 % S7Vste] EF 271 AlgTFE
AAEol AAS] =A Jelgod, £3 MAEY

2 =222

42 2ZFo| ¥/ ket

3. HFA» g AES
WHEAFE 2P 10 cm AG77E ARNA A

22,7500 4 Z8A] 28,6328 ZF7lsle] B} A HTE
(10~15 cm, 15~20 cm % 20 cm7) ¥.o} =7
vElk e w(Table 4), SAARAT-E 2+ 10 cm
A7 AENAA 5433004 FF5A 62.002
2 Zrbelsic) @ AEEE 2 A7 10
cm, 10~15 cm, 15~20 cm ¥ 20 cm A8+
ol A Z+zZ 93.33~100(HF 98.10%), 86.67~
100(%3794.76 % ), 83.33~100(92.38), 83.33~
100(90.95%) & <3t Holglew, 10 cm AlY
TollA 98.10% = 7H 7] el tHTable 4).
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Fig. 3. Monthly increment of shell length among di- Month

fferent size groups at the transplantated area.
Fig. 5. Monthly variations of posterior adductor

muscle weight (PAMW) of among different size

oo [ —o—Control —@—10om —O— 10~15cm  —x—15~20cm  —g20cm
groups at the transplantated area.
900
S 4. NzT9e] A v
z 2T ARG oA ARAEZA
S s | 3= Table 59 2}, o] A A1Y MAA] 2+ 10.
[ 29 emQ) 12N AHEFE F YAHA ° o
£ i
E A4 Z+7k 15.41 cm, 20.51 cng Asgich
° t AEE 20,65 gl 71ZME APER 3 AA3A
gl o] A Xol| A 77} 77.33 g, 200.53 g2 A%
e Mayé Jun Jul . Aug l;Sep Oct B Nov. ‘6‘}-93\_04\34, %%Ec}: 7.96 go‘l ?]}_7}1% gt‘i‘%—i :—?:
Month AR g o]AA]e| A Z+7t 31.06 g, 83.68 g
Fig. 4. Monthly increment of total weight (TW) o8 AAeigint
among different size groups at the transplantated area. 3 Agog s 2oAEE dAFE 94

Table 4. The posterior adductor muscle index (PI), soft part index (SI), and survival rate (SR) of pen
shell, Atrina pectinata among different size groups at the transplantated area
Size group of pen shell
Month 10 cm 10~15 cm 15~20 cm 20 cm
PI SI SR Pl SI SR PI SI SR Pl ST SR
May 2275 5433 100 26.24 65.28 100 2496 63.39 100 30.16 62.86 100
Jun. 23.69 61.23 100 22.05 64.78 100 2247 64.28 96.67 22.16 63.46 83.33
Jul. 22.75 63.69 100 22.80 62.49 86.67 23.85 59.30 93.33 2494 53.39 96.67
Aug. 26.15 58.28 100 26.20 54.60 96.67 24.33 5433 93.33  26.29 56.85 93.33
Sep. 26.58 59.41 93.33 27.71 54.80 93.33 2349 5796 83.33 26.30 58.94 83.33
Oct. 26.32 61.87 96.67 26.88 57.70 93.33 26.11 61.24 90.00 26.45 60.61 90.00
Nov. 28.63 62.00 96.67 27.05 61.27 93.30 27.75 60.60 90.00 29.73 60.80 90.00
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Table 5. Comparison of growth of pen shell, Atrina pectinata japonica among different size groups between
the transplantated area (TA) and natural habitat (NH)

Habitats Initial Final
SL SH ™ SPW PAMW SL SH ™ SPW PAMW
NH 1029 4.83 20.65 7.96 1.81 15.41 7.63 77.33 31.06 5.29
TA 10.29 4.83  20.65 7.96 1.81 20.51 10.00 200.53 83.68 23.96

SL : Shell length(cm), SH : Shell height(cm), TW : Total weight(g), SPW : Soft part weight(g),

PAMW : Posterior adductor muscle weight(g).

—O— Natural habitat area —@— Transplantatied area

Growth rate of P.AMW{%)

=3

8
[
|
L

May. Jun. Jul Aug. Sep. Oct Nov

Month

Fig. 6. Comparison of growth of posterior adductor
muscle weight (PAMW) between natural habitat
(controD) and the transplantated area.

A2 g oA Aol AEMAIA 10.29 gol AY
F8Ao) 7+ 5.29 g, 23.96 g & AAslo] o]
A7 AN E 4,580 B Aapsies Aoy
vrebstkeh(Fig. 6).
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2 HolAE, $&, 4, 8&444, AHYE
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o] Al vl-§ F g stch(ul, 1973 5 7, 1980 ; 72}
, 1982 59 7, 1984 ; & 5, 1988). E3),
olmlsl ZAMF o]AA Y Hstol= uhet uj
(1972), ok (1982) 2 A HU(1985) 9
Zoll 3 it Qg ¥ FI=A oA A3

R4

A Ad A7 AAolrh

712N, Atrina pectinatats $-2vel gaete]
oz, St 9l Aol A A Ak F8ll
diel Aufiel dE AR k7 AAseE
Al ARYEZA FATE 4L o] 83le
IF Wil HT AIRME FEALFLE F
A9 FAlof] oYl £&5FH9] 7l et Fof
Rl e} £871 F7RIA e AR Al
W3 Aol A LEE I glor), o] kA(e]
ADoll dig 712 Ay Mdsle] A gk £
Aol Ae AAHAR(EFR, 74 20~25 m)
9l 712ME FAHA(3 m)oll o]A3E, o]Al4
shzte] A7l W AAust o oA 5
ZAkstgd el

ApedubRo 2 Aalsle 7127 oA (A4
)3} o] AR 2] FHQUYE Bl YA4x)9]
22 10.9~27.8Cg2H, o)A Xl A= 8.5~30.0
CoZ o]AA7} 118 AZA] 24T Y9k, 79
TEAE 2.2C &84S Bk 9A44A H
ollzlol A dH-e Z}7t 29.54~35.26%, 28.75
~36.31%%.29, £&44£(D0O)= 27 5.05~
7.34 mé/, 5.03~7.58 mé/eFom, Y2z gl
olAz)9] 3k  A4£QTFIHCOD)-E Z7t
1.64~4.00 mé/¢, 1.18~4.91 mf/LE & o]
figdey HAAAAHY o]Alx)7) WHikEo] thi
FA Jebgh Q4(PO-P)R 22 0,09~
1.14 “g-at/é, 0.23~1.33 Hg-at/bgon], EEF
712&(DIN)E 27 2.08~4.17 Hg-ar/l, 1.94
~4.41 Mg-at/Lo R YA A9 o] A R)|7ke] Aol
= A9 el 3HH, 2A7|E9) 44417 g
o|A ol A A FEAIES] HEZL 1,389 ce-
lls/m¢, 1,403 cells/méo] et el HAYEE
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A A A7} YA o] 82.17~87.26% ©]¢.2.0] o] 4]
A¥ 90.76~92.94% & o)A X7} AR &
ZF A Jebytch oleh o] o)A x|e} A4 A A] 9
37 2 AEAA oA FHE Holvt AF
E7sla F1zMe QA xlelzt UMK
e} AFAHL R olAlo] 9T A%
o]Alof] 2|3t Hol|WE AF U4 ¥
AARol A Aoz MAsteirt A2
508 Ao FXA17) Hdeka 24
t}(Imai and Sakai, 1961 ; 92} ¥, 1973 ;
, 1980 A 9, 1985: % 5, 1988).
71z R ojAd A9 7 10 em
AT A AREEA A@MAA] Bt 2z}
A, Zha, Ag, 5% % dFEFe] 247 99.
32%, 107.66%, 871.09%, 951.26% 22| 1,
223.76% 4 F7ksted e Z7PE(ZH 10~20
cm) Al&to]] uld] AAgo] A3 FA ek
st 3 sld2xse 2 AEEE A 10 cm
FollA 7 A Jebddh 2059 A A
ol o AAHE] F9-Ho] BT ol
B FAl §39 winke] Frke Zlo] dHbA
Adl(wiet =, 19725 ¥ 5, 19785 &% &, 19
725 9, 1973), ¥ AFolAE AedubyA
o2 iF Malle 71ZAME 2 A7EE 30
vh2l/m?4 o) Alsle] Adldt Axt zhed WYX
FAAAEY A4 2 Ades F4 oAzl
BEgE ol Aol Hal whE AAE veblch
olg3t #4he f S5(1972) 0] A niel ol
olAjzl9] A3, HolF, 24T 9 HUNA
Boll 7= Adeln Azbdoh

H, 2 10.29 Q) Fx2AME AW 854
AR 5l o] Ax)ol| A 72t 1541 cm, 20.51 cm
(49.76 %, 99.32% ) & AAsto] 0|2 A 9| 7127
7} AR R} 1371 o AAsksich A5,
FZ5% 9 HFY AAEL olAAL FlE=AM7t
QAARH 2.6, 2,798 el 4,504 © A
Astdet. o)k ol AAARRIE o] A A4
71zMe) Aol HA W olft HelAE, A
A, A5, 2 2 A AN Foll

fo

2
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3E
&
o}
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o Ao B ooy 2
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>

EE

gt A £3o|ckx #4%ch(Imai and Sa-
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