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Protection and propagation of the asari clam, Ruditapes philippinarum, using cover nets

KAZUHIRO HANYU AND RYOGEN NAMBU *

F—U—F: 7YY, B, PR, Rk

(1) Field tests were conducted to confirm the protective and propagative effects of cover nets on clams in the intertidal zone at the
mouth of the Miwatari River in the Matsusaka region. The abundance of clams was found to increase far beyond the break-even
point, even though no maintenance measures such as removal of competitors and predators, and improvement of bottom quality
were taken.

(2) It was hypothesized that the cover net improved the survival rate of clams by reducing the effect of waves.

(3) Differences in the effectiveness and economic efficiency of the cover nets were observed between sites. One of the causes was
presumed to be the inhibition of clam growth due to the high water temperature. The effect of high water temperature was greater
in sites with higher ground level, and the ground level suitable for the installation of cover nets was estimated to be DL+0.6 m or
deeper at the mouth of the Miwatari River.

(4) At the mouth of the Miwatari River, it was determined that the maintenance of cover nets through the removal of competitors and
predators, and improvement of bottom quality, was unnecessary.

(5) A preliminary survey of the population density of juvenile clams was necessary for the spread of the protection and propagation of

clams using cover nets.

(6) A negative correlation between population densities of different clam sizes has been suggested. Therefore, to secure a stable

supply of natural juveniles, it is necessary to regularly catch large clams, implement a rotation system in the covered net area, and

use different areas for juvenile and adult clams depending on the height of the ground.
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Fig.1. (a): Location of the Matsusaka region in Ise Bay, Japan. Numbers: water depth. Wind speed and direction observed

by the Japan Meteorological Agency in Tsu. (b) Location of the study sites in the Matsusaka region. Numbers: water

depth. (c): Location of the study sites. Numbers: distance from the datum level; solid circles with A, B, C, D: cover net

and control sites; open circle with EM: water current observation point; WG: water gate; crosses: sampling points of

Ruditapes phillinarum on 20 June 2016; color mesh: density of R. phillinarum estimated by the spline method based

on the sampling data.
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Table 1. Breakdown of expenditures for the protection and

propagation of clams using a cover net

Item Yen per piece of cover net
Fixed cost Cover net 2500
Soil cyst bags 90
Variable cost Personnel cost 874
Total 3464
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Table 2. Break even point for the protection and propagation of each clam size

using a cover net

Shell length (mm) Price of clams (yen /kg) Break even point (kg/mz)*
20 200 1.1
30 320 0.7
32 490 0.5

*Total cost per piece of cover net: 3464 yen; area per piece of cover net: 16m’.
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Fig. 2-A. Shell length histogram of Ruditapes phillinarum in site A. Curve lines: normal distributions estimated by the

least-squares method; letters: cohort names; oblique lines: no data.
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Fig. 2-B. Shell length histogram of Ruditapes phillinarum in site B. Curve lines: normal distributions estimated by the least-

squares method; letters: cohort names; oblique lines: no data.
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Fig. 2-C. Shell length histogram of Ruditapes phillinarum in site C. Curve lines: normal distributions estimated by the

least-squares method; letters: cohort names; oblique lines: no data.
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Fig. 2-D. Shell length histogram of Ruditapes phillinarum in site D. Curve lines: normal distributions estimated by the

least-squares method; letters: cohort names; oblique lines: no data.
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Table 3. Annual survival rate (%) of cohort 2015a+2016s

Control Net-1 Net-2 Net-3

Site A 1 0 1 —
B 0 34 55 —
C 0 50 54 —
D 0 32 36 —

Table 4. Annual survival rate (%) of cohort 2016a

Control Net-1 Net-2 Net-3

Site A 2 0 36 6
B 7 4027 108 60
C 6 214 50 55
D 23 320 152 55

a7R— bk 2015a+2016s  [XJ A, B, C BT DHRX
TIE, 2016 4F 11 HH 5 2017 4E 3 H £ TOHIM FKk&
Z) AR EEEORE IR TR INTZ, —J7, [
XIRIZ 51T D Net-1 X & Net-2 X Tl R OB A 505
r” WCZFDE IR RERETITHGR SR D o=, KD
BIFORMXTIH 2017 1-3 A (4F) ITMZ T
2016 79 H (HZ) &b RKERE MR I NI,
[RXIIZ 81T B Net-1 X & Net-2 XTI 2017 45 11 A %
TRERIEFIIMERINRD > 72208, Net-2 [XTiE 2018
F1-3 A (AF) ITRERETHERINTZ, KIKA
TIX 2017 4F 11 A OFERFIZHEO KA - HIE A R
AU, Net-1 X & Net-2 X TOEAREEEIXFN 5 KL
T2017 - 9-11 HIZKRESIK T LI, 207, Xk A
BT DAEMATRRIT, JRIXD 0%&E AL, 0-1%&
Kinotz, KB, C, DRI DEMERRIL, <R
XTIZ0% ThHo7=DIZxt L, Net-1 X & Net-2 X TDZ
UL 34-55 % & HEE STz,
aR— bk 20162 Xk A (ICk 1T B3 FRIX T 2017 4F 6-7
A (EZ) L2017 4 11 A»5 2017 4£ 1 HE TOHIM
(AZ) IEEBBEEORE BRI ORI, —
77, RIRIEOMEENIX TIL 2016 4 6-7 A (EZF) 2Kk
PR FIEMERB S e o 7278, Net-1 X Tl 2017 48 9-11
A (#kZF), Net-2 X TIX 2017 4E 11 A5 201841 A £
TOHM (FKAZF), Net-3 X T i2017$9—11 A (=)
WCRE TR SN, KB, C, DIZBIT xR
K CIX2018 4 1-3 A (&%) | k%fﬂﬁwmﬁa Iz,
—J5, Kk BloR I o EmEX T iﬁi%aﬂﬁaifﬂﬁlﬁ:
BEEORE R FIIMR I iehodz, Kk CI
% Net-1 X & Net-2 X THKE IR T IXMERR éh?‘m:o

7273, Net-3 XTI 2018 45 1-3 A (&£F) ITKERIET
DHER S N7z, KK D BT 5 Net-1 X CIHIE RS
DORE K FITHER SN2 o 7203, Net-2 [X & Net-3 X

TIL 2018 4F 1-3 A (&F) IZKRERIE TR S v/,
Xk A ICR I AFERIAEFRRIL, R TIE2 %, #EH
X Tl 2017 4F 11 A OFERFICHE O KA - HRE D iR
, 0-36%&EHEE Xini=, Kk B, C, DIZRITDHEME
PRI, SRETIX7-23%TH-o7=0Txt L, #mmEx
TIE 2017 4R 5 ADOMEATICHT T ERT 28R H
D, 504027 % & HEE S iz,

(3) 79 U RIHIHE H oo (RS0

WIEAHE E OIS B 1T 2016 4E 1-3 HICAB L, Xk
A L BTEL, K C & D TEVWEAN H - 7= (Fig. 5),
ABRX M D22V T IR <3t L 7B aiEEio S
72/ 7= (Fig. 5),
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Fig. 5. Density of Ruditapes phillinarum with a shell length
0.4-1.0 mm. Dotted lines: detection limit (551 ind/m?).
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Fig. 6. Relationship between density of Ruditapes phillinarum cohort 2015a+2016s and density of R. phillinarum cohort 2016a,

and between abundance of R. phillinarum cohort 2015a+2016s and density of R. phillinarum cohort 2016a. Letters: site names.

(4) /BT A R OABREE B & KRB A X DR RS
DFEE

NS A X (aR— b 2016a) OEREEE T, KB
A X (3F— b 2015a+2016s) AFBD H AL/ Do T2t X
IZOWTHE, BWELLIREICKER A, B, D, C £/oTz

(Fig. 6) o R A X DABREE EE D &> 72 Net-2 X T
i, EDORIRIZIRNT bt X TOMKEEE L VK<,
KB A XOMEBEEE DR o7 Net-1 K TlE, ED
KIEZB W TS Net2 XKLV -7- (Fig 6).
2015a+2016s OHN A B TR E Lz A bR CERTH
- 7= (Fig. 6),

(5) BRE A OIS

BEM X CHEGR S “HBEBIE, R M R¥RA A,
A7 % (Mactra veneriformis), =7 47 A (Moerella
rutila), A F 3T A (Psammotaea virescens), A V3

(Nuttallia japonica), 7% U, /N~ 27V (Meretrix lusoria) ,
X X (Cyclina sinensis), F 4/ 74 (Mya arenaria
oonogai), A%+ WA (Laternula anatina), ¥ b4V HFA

(Laternula marilina) C¥ -1z, FEEEEREED EA7 1
LT H Y THY, 2{LidA N NFATA Th otz 8
MXICBIT DA N b ¥R T A OEREEE ORI,
XA B 0 Net-3 XIZ31F % 2017 4£ 9 H @ 820 ind/m?> TdH
o7z (Fig. 7)o WITNORIKIZIBWTH, 2017 4 11 ALL
BeDR b b3 AT A O RS FE13oe FRIX L 0 g B IX
TEWMEM 2 H o7 (Fig. 7). 72721, K&k B @ Net-3 X
CRIT D EEEBEE IR KT L, KikA, C, DIZB
BT 160 ind/m? LL N CHER L (Fig. 7), MiiRZ B
RETEH7e~y FOBRIZWTAORIBRIZE N T il
AINT2hoTe,

Site A

Density (ind/m?)

—@— Control
—— Net-1
—— Net-2
—>— Net-3

Fig. 7. Density of Musculista senhousia. Dotted lines:
detection limit (20 ind/m?). Density 0 ind/m?> was

converted to 10 ind/m?.
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(6) BEAY OEMEE

SHRX - BB M X TR S =7 Y AR T 5 Al
PO LEMNL, Y AZTA I - BRES, 1997), %
Jua k<> A% (Lagunculapulchella) (JE#E,2000), A
# = (Hemigrapsus sanguineus) ({%16,1997) Th -7,
VA BZITAIX 2017 4 5-7 IO b (Fig.8), Dk
RHPH (B k) 1%, *HRKZS 6.4-18.8 mm, Net-1 [X
73 5.5-17.3 mm, Net-2 X723 9.5-25.9 mm, Net-3 X723 6.9
246mm CThoto, X7/ X<V A X T20164E7 HD

Site A

Density (ind/m?)

Fig. 8. Density of Glossaulax didyma. Dotted lines:
detection limit (20 ind/m?). Density 0 ind/m?> was

converted to 10 ind/m?.

RPRRIX & Net-1 X, 2017 4% 11 H OXFRIX, 2018 421 A
@ Net-3 X T 20 ind/m? §8 H 7z, £ ORI 11.8-
225 mm THot-, A Y H=ZHOWTIIMFEDIRE NS
ETERD-TD, W=HE LTRW -7, I=3
OEEYEEE X, BBTrhaxtIRX L0 #EMEX T EwE
23 > 72 (Fig. 9) . selEHiFHIZ, XX 2.7-16.0 mm,
Net-1 X725 2.4-12.6 mm, Net-2 X723 2.7-15.9 mm, Net-3 [X
73 7.6-122mm ThH o7z,
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100 1
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Fig. 9. Density of crabs. Dotted lines: detection limit (20

ind/m?). Density 0 ind/m? was converted to 10 ind/m?.
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23, 2016 410 HICHARMEM L7z (Fig. 10), 2017 45 A

18 October 2016

AN T T AV (Ulva pertusa) 5> =R O O J#
P LAR W, 2017 4 9 A ZA IR 2 e alcE
WR L L7RIES TR IC MR S 7z (Fig. 10), LavL,
Zhb 2017 4F 10 HIZiTH B L= (Fig. 10),

27 February 2017

21 September 2017

i

31.October 2017

Fig. 10. Photographs of cover nets and sea algae in the study area.
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2. REBAE L BBUREROEm A H 7= (Fig. 11), 7B, XKk C
1) EE @ Net-3 KIZFUNT 2017 4 5 BIZ 8.5 % & LRy il

TREE & AVS 1, ST XD LXK TR MER) BIEATHR SN (Fig. 11), MOREYHOMETH
Nd o7 (Fig. 11, 12), AVS IE 1-5 H (£FZF) IZK<, 570, MOEEZIDLOTIERNoT,

790 (BEF) ZmWEnsd o7 (Fig 12), TREVEE
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Fig. 11. Ignission loss. Fig. 12. Acid volatile sulfide (AVS).

14



BB L D7) DR

(2) KR
BINFE B % Fig. 13 (R LT, REfElX 7-8 A (3
IZRH B, TR S E TR O R mEIE, KKk A

23441 C, XK B 23 43.8 C, Kk C 28462 C, Xk
D 73 45.1 °C, PO EMEIZXIL A 75348 C, Xk B
23369 °C, Xk C 28361 °C, Kik D 2372 CTHhHo
Too WIRMEIL 12 A (&) TR LN, HBEREORK
A, KA 23-2.3 C, KB 23-2.6 C, XikC»
-32 °C, Kk D 28-2.5 C, M ORRMIZXE A 2
0.7 C, K& B 2% 0.6 C, Xl C 23-0.1 C, Xk D 28
0.7 ‘CTd - 7=, MiAEF 1 O T, KA 23 18.8 C,

X1k B 2% 18.7 °C, X1k C 28 19.0 °C, Xk D 2% 18.9 °C,

50 7

- HH

i ORI X A A3 18.7 °C, KIEB 23 18.7 °C, X
B.C2318.7 °C, Kk D73 18.7 CTHhH o717, HAEKEIC

BlIF 525 CULOBREIAE, XIEKA N334 %, Xk
B 78 33.6 %, XI% C 73 34.4%, XD 2 35.2%, #HiFic

BT 525 CULOBREIAE, XIEKA M 32.0 %, Xk
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Fig. 13. Surface and subsurface temperatures.
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(3) JEH Y AKIIEH

PRI O B/ IMIE T 0.39 mm, R KAENE 0.93 mm, )
fEI%0.74 mm THo7z, WTHIOFIFIRIZIBNTHH
HEOBERR %8 2 5 K HH A WS T OBLNE O KE 5y
i, WRICE Db D ThH 7= (Fig. 14), Hi#g (Fhyukies

Ng -
Z 0
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E
g .
o 1071
=
‘: i [}
Be :
g 107 i i
— H
7] i h
|
Z 10° :
T T T T T T T 1
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Shear stress for the current, 7, (N/m?)

Fig. 14. Shear stress for the wave and current.
Points: observation values in the study area;
dotted line: movement limit of sediment
with a central grain size 0.39 mm; solid
line: movement limit of sediment with a
central grain size 0.74 mm; dashed line:
movement limit of sediment with a central

grain size 0.93 mm.

0.74mm) OBEIRR %282 5 AMIG L, dEF 5D
DAFT DR & EALED D AFT D HRICE DL ON
FIETH o7 (Fig. 15), BRI K D8 AWIE I 03B EIRR
REBZIZBHFITDOTN 3 FITHY, db~mr 5B
LAbRICE» I BT LB b TH-T= (Fig. 15),
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Fig. 15. Shear stress components for the wave and

current. Crosses: observation values of shear
stress over the movement limit of sediment with a
central grain size 0.74 mm; gray circles:
observation values of shear stress below the
movement limit of sediment with a central grain

size 0.74 mm.
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(4) JEH & Bk &

W (LR 0.74 mm) OBEIRA ZHE 2 5 IRIC K
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16) o FKAZRITALFE R itk 35 i Tdh - 7= (Fig. 16),
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Fig. 16. Shear stress components for the wave 1w in the study
area, components of wind speed, and wind speed in Tsu.
Crosses: observation values of shear stress over the

movement limit of sediment with a central grain size 0.74

mm; gray circles: observation values of shear stress below

the movement limit of sediment with a central grain size 0.74

mm. Wind speed observed by the Japan Meteorological

Agency.
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shear stress over the movement limit of sediment with a
central grain size 0.74 mm; gray circles: observation values
of shear stress below the movement limit of sediment with
a central grain size 0.74 mm. Precipitation observed by the

Japan Meteorological Agency.
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3. HEROBEUME L EFMN
(1) BAFREKE
i 25 mm LU L&t YA XL LizgGE, 73T
DKIED Net-1 X & Net-2 X, X A, C, D D Net-3 X
OBUF BRI R OZ LY K& o7 (Fig. 18;
Table 5-1), %K 30 mm DL EAfENRY A4 XL Lz
, TRTORIKD Net-1 X & Net-2 X, Kk A D Net-3
E@ﬁﬁi KTt oz kv K&Eho72 (Fig
19; Table 5-2), ¥ 32 mm DL &R Sy 1 XL Lz
B, T TORIED Net-1 X, Xi A, B, C ® Net-2
X OBAF B KMEIE R OZF N LY Ko7 (Fig.
20; Table 5-3),

(2) IS B D HE 2 Sy I

IS R & BAF R KA i 25 &, %R 25 mm
PLEZESRY A XL LI, T X TOKIEKD Net-
1 X & Net-2 X, K A D Net-3 X TlIiEZEs A (1.1
kg/m?) % k[al->7= (Fig. 18;Table 5-1), #%¥& 30 mm LA E
BRI RY A X & LICE, KA & B D Net-l X &
Net-2 [X, X35 C D Net-1 KIZ 30 CHAR 5718 5 (0.7 kg/m?)
% ElAl>7- (Fig. 19; Table 5-2), #%& 32 mm DL | % JfE
KIG A XL LIz, KA & B @ Net-1 X & Net-2
RIZBWTHIE SIS (0.5 kgm?) % ERl-7- (Fig. 20;
Table 5-3),

(3) HAFENERD % LA D F CIIE L8R
i 25 mm LU L&t A4 XL LizGE, Mok

18

BERICHFRESER RS (1.1 kg/m?) % E\5 ETIZ
B L7= HEUE, Net-1 X3 10-13 720 H, Net-2 XA 9-10 7>
A, Net-3 X233 /A Th-o7= (Fig. 18; Table 6-1), &
30 mm P R 2RISR A XL LIERE, MORERIC
2R (0.7 kg/m?) % blAl D FClog L A #kix

Net-1 X% 11-14 72 H, Net-2 X2 9 A TH o7 (Fig.
19; Table 6-2), 7% 32 mm DA b2 xSt 4 X & LT
Ler, AEmIa (0.5kg/m?) % kEA F TIZE LA
1%, Net-1 K25 11-14 2°H, Net-2 K23 9-10 22H ThH -7z

(Fig. 20; Table 6-3),

(4) BAFRENEIR IR 2w L C LA - 7= 41
R 25 mm UL B &g G A XL LA, Mo
B ICHFRESER L TR (1.1 kg/m?) % kA
STz AT, Net-1 XA 4-9 7 H, Net-2 XA 1-8 »H T
&7 (Fig. 18; Table 7-1), 3% 30 mm LA_L % i 5
PARE LIcGE, MORERZ IR L CHEE
I (0.7kg/m?) % ElElo>7= A%k, Net-1 X728 3-7 7
A, Net-2 XM 1-4 22H TH -7z (Fig. 19; Table 7-2), %
E32mm Ll E&RESSRY 1 XL Lica, MoRER
IZHF R ERE L TSI (0.5 kg/m?) & REIo7C
AU, Net-1 X238 3-7 20H, Net2 X232 A ThH o7z
(Fig. 20; Table 7-3) . Ak L 72 & 5 I KI A Tl 2017 4E
11 H OFHAIZIT Net-1 K THID KA, Net-2 X & Net-
3 X CROHE MR INT, TOEEBZLY, Kk A
TIHHAA RSB SESE ER 8IS KIEB oXih e
e THEL o7 (Fig. 18, 19, 20; Table 7-1, -2, -3),
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(5) WIHIMIE A F50 B D HE A8 7 I A ind/m? & 72> 7= (Table 8-1), Net-2 X (1) B/ I
Net-1 KIZ31F DM IS, 3% & 25 mm 2L EZ&if B, 7% E 25 mm PLE2Y 506-757 ind/m?, %% 30 mm

FERIRY A XL LTI2BA DY 576-1110 ind/m?, %5 30 mm LA EAS 187-257 ind/m?, %1% 32 mm LA 2% 110-165

L b3 226-452 ind/m?, %% 32 mm LA 25 158-267 ind/m? & 72 > 7= (Table 8-2),

Table 8-1. Break even points of the initial density and the parameters used to

estimate them in Net-1

X wxl) sz) s m? At N;,e,,6)
(mm) (2 (kgmz) (% per year) (months) (jnd/mz)
25 34 1.1 32 1.14 10 835
25 34 1.1 32 1.14 13 1110
25 34 1.1 50 0.69 10 576
25 3.4 1.1 50 0.69 13 635
30 5.9 0.7 32 1.14 11 340
30 59 0.7 32 1.14 14 452
30 5.9 0.7 50 0.69 11 226
30 5.9 0.7 50 0.69 14 269
32 7.1 0.5 32 1.14 11 200
32 7.1 0.5 32 1.14 14 267
32 7.1 0.5 50 0.69 11 133
32 7.1 0.5 50 0.69 14 158

1): Hasegawa and Higano (2010); 2): values in Table 2; 3): minimum and maximum
values for sites B, C, D in Table 3; 4): —log(S/100); 5): minimum and maximum values for
sites B, C, D in Table 6-1, 6-2, 6-3; 6): Npgp, = Y 1000/w cexp(MAt/12).

Table 8-2. Break even points of the initial density and the parameters used to

estimate them in Net-2

X wxl) sz) s m? At N;,e,,é)
(mm) (2 (kgmz) (% per year) (months) (jnd/mz)
25 34 1.1 36 1.02 9 695
25 34 1.1 36 1.02 10 757
25 34 1.1 55 0.60 9 506
25 3.4 1.1 55 0.60 10 532
30 5.9 0.7 36 1.02 9 257
30 59 0.7 36 1.02 — —
30 5.9 0.7 55 0.60 9 187
30 5.9 0.7 55 0.60 — —
32 7.1 0.5 36 1.02 9 152
32 7.1 0.5 36 1.02 10 165
32 7.1 0.5 55 0.60 9 110
32 7.1 0.5 55 0.60 10 116

1): Hasegawa and Higano (2010); 2): values in Table 2; 3): minimum and maximum
values for sites B, C, D in Table 3; 4): —log(S/100); 5): minimum and maximum values for
sites B, C, D in Table 6-1, 6-2, 6-3; 6): Nygp, = Y 1000/w exp(MAt/12).

21



P - B

B

1. BEROEMME L EFYE

A FROBBMXIZIT 274 U BFEEE, TRXO
FhaREL BB, HEiESES EElo>7- (Fig. 18,19,
20), F7o, ZOBFERAMITHRE 25 mm 2L R 11.4
kg/m?, & 30 mm 2L E2S 7.1 kg/m?, 7% 32 mm LA B3
4.8 kg/m® LHEE S, bk, (FEHXOEEE CH
RBAE LTV Y GEE 20 mm LI L) @ 1960 AR DB
TFRERIE 5.0 kg/m? 2 1970 EROBAFROKR KL 6.5
kgm? (P4 2015) EHR_TRZELLETH -2, #E 25
mm, 30mm, 32mm O HAliZ 200 M/kg, 320 M/kg, 490
M/kg (ZFEEKEMZERT 2011) LEL, ZhBITHDR
OHAFERKMEE T UM | M b= 0 OAFERFRREIX
36480 [, 36352 [, 37632 FI LA S, 1 H72v D
NI ARFZE TR L7230 3474 0 10 (542 5,
IO RIETH Y, RIS X - TIHHEE SR
Z FE D AREMDN H D b DD, ARFFE TR S %
R KA SRR S 4L (Table 5-1, -2, -3), AR50
FE Lo 72 IS 5 H I & iR o7z - T
AINT (Table 7-1,-2,-3), =JEJINTH (Fig. 1) Ok
WHMEITHK 187ha LIKKTH D728, ARIEOE KT
BN 5D,

WEEX COBMFEX, KIKA LB T£L, KiCL
D THRWERAH Y, REWT A XDTHVIFEDZE
OREANITHE TH 7= (Fig. 18,19,20), 79 U O EH
ERALD L ENDHAE 25 CULE EEF S 1998) DE]
HEIGIE, KA 320%) & B (324%) Tha<, X
C (330%) & D (33.7%) CTREWEHMMRHY, B
BIIEKEBEAOHBELRH L O LHERIS N, £,
ARk o iR XXk A (DL+0.6 m) & B (DL+0.5 m)
T, Kk C (DL+0.7m) & D (DL+0.9m) TE» >
Too KIEAYVRUR K VARV E ZE T HAE & OO KIS0 E &l
RN ERE R DRERNENE B X 6N, Kif
T CHER SN RKIE OKIBZE S Z OB LB LT- b
DEHERIEND, FDLEH5ICEZXDE, BE30mm ML
OT V) OEE BIE L T 5%E, HOEMOREICHE L
7o MU, S O G A, B L0 R g,
3725 DL+0.6 m AR EHEl X b,

AWFEORBIXIZBT B 7V VU amk— b 2015a+2016s
OEAEEEE L, HERXOZN LR - B CHER
L, MEFIZKREETT AN H -7 (Fig. 3-A, -B,
-C. -D), ARBFFEOFERMEHR CIIKA TR X 5 Hlk
ONPL GBI L TW=Z & s (Fig. 16), s (fii
2F 2006, AUE S 2012) & FERIZ, FKAZFEORFEIZITHIR

22

MREREELRITLTWIEARERH D, BEFICHON
T AR O RS AR 2 BRI IEHE O < ELIEE A
ERAL T2 b0D (Fig. 16), AEFZED 2 7> H
W21 EIE WS DR nWHEHEELZE 2L, EFE0T7H)
OEEEEE DK TREREDOKRICED LD TH T
AIREME B A E TE W AR OB O H A1 9mm T
HY, AEENET D EAAABREIT 13mm THD, A
TR LTV ) o@mRERERX (= 13576 x -
0.0587, =0.98, n=16773) XV, #& 13 mm (KT
LEEIZ1I8mm (BBXZ20mm) tHEESIND, HE
WA EORFEFELE LTI RMEETH D, #3E 20
mm L EOTH VIR TEE LIF o THZE 0Ky
T A ERETRERENCE P E D ETIE, AR
WZBWTHRE 20mm L EOTH U N I EA L
RO LNTHEREX CTIHEFERO b= 2 & (Fig 2-A, -
B,-C,-D) O3> <, AR OMIRXIZIH T 27V
27— b 2016a DAEFREITBAEINIC B > 7253 (Table 4),
WX OZNITE IR A NS 2R H - 7=
(Fig. 3-B, -C, -D; Table 4), Z @ & o 7ot HRIX & WA X
DFENX, 2A— b 2016a DEFEAKOHER (Fig. 2-B, -C,
-D) LR B Al S ORI ESTIX, HEEo
JABHIZAE BT 2 53R 20 mm A5 O AR 23285 0 70 IR I
X 0&EE L b nmEmNIcin S W%, SRR
W E 20mm Bl HICRE T2 2 L Ich v iiERO B &%
LR Rolc WO MOERERIZEID2bDE LT
BT E D, EL, RMRXIZEBIT D 2016a DFKEZFED
KEZETIE, XKk A TIiL 2016 45 11 A5 2017 #E 1 H
FTOWM, KB, C, D TIX2018 4 1-3 D5
T, KL > TEORERPNOCRLR -T2, RIFSE
DFRAMHK TIL 2017 4F 9 A LARE, IRIT K D Hullg D7)~ <
TLAMBERE L Qs (Fig. 16), ARFZE CId& BRIk cilr
EBHIL T, TOREMOZEIIRHTH D,
L, BB ZES L CHRTOILERDH D, £z, K
IO XIH C & DIZEIT 5 Net-2 [X & Net-3 X Ti, 2018
13 AiZ, =dh— b 2016a OEEEEBENRE KT
L7z (Fig.3-C,-D), X% B O#BMX TIix# D X o 7226
MRS N2 D o722 &% (Fig. 3-B), 2018 4 1-3 A
EEEHEROFT — 2 IZHESNTWAE Z L, Bl
ZEORRELEETE RV, LL, 20184E3 A1 HIC
SR 13.2 m OPER & Z AU FE D TR RSB S
BV, ZobxoEmEAWIGE, BHRrLELT
IR BV TReRfE A fosk L7e (Fig. 16), RO
BT/ NS IRZEM A — VMR b D L 2o T D ATRE
MR ® DT, WIRO NG 7 OEE D BN DA 2
WCEDL D R BE RITINE, 5%, HRTD0EN
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b5,

ABFFED Xk A T 2017 4 9-11 A s o Kaf -
VR AR S T, AWFZEOTHAWFR TIX 2017 0 9 A
10 HiZERBEEL Tk Y (Fig. 16, 17), 9 H DM
FEHIE R T I 7273, BT E 72 10 A DIREIRIZ K 5
JEHEE AW IR ICB WD TR REZ L, 20
& X OBMIC X B R AWIE T b K & fidk Lz,
72770, ZoMMICER Sh - B iidb i iz mas 5
A THY (Fig. 15,17), i, Kk A VR E 2
K OFEE T EZE K LTS (Fig. 1), £72, B&A
FAERETITZR 2018 4 3 AICHERR SN2V BT E
deicram s in<cdh v (Fig. 15,17), ZHUE =) Efis
LOEFR FIZHEMNITN) SIXHFABRKREL R
W5, Kk A LY B0 B, C, D IZBWTHEOK
il - HBEDNFER S N o 72 2 & oW A EF O 58
IR A LB 2722 & D, OB LK A ICRE2AY
YD THSTEAREMERE <, KM DLERR K
DRBELERW LIz D LRI ND, 2, ZTORKIHE
IR CORKIE & e ThEWiz® (Fig. 15), AHF5E
OFREUHK I I3 1T 2 MY H> < ELO FERITBGE Cldie < 3
RICED LD LHERI SN D,

AWFFED Net-1 K% 2015 FFKEENOHER (4R — |
2015a), Net-2 X1% 2016 FFREFEALOHEHE (= 43— k 2016s)
OEREZ RN E L72A, R 20152 & 20165 O XF
NBEFTHLWL D L7272 (Fig. 2-A, -B, -C, -D),
R EOEIaAR— FMEOEEZRLZbD LS T
R, T, RHFFRICEWTT V) BRSPS RS
Sy & B[E D £ TO AL Net-1 K& Y Net-2 KDJ
NEVWEBAHER SN DD (Table 6-1, -2, -3), Fh
BAEELREOWTIIERT 5 6O ThH o 7=D 0]
WriddE Ly, 72720, 2016 FKEEND A — bk 2016a
OEZHIE Lz Net-3 KIZOWTIE, JAESSEY A
RE THmBH Le o 7o m (Table 5-1, -2, -3, 6-1, -2, -3,
7-1,-2,-3) ICHBTAVLENRHDLHLOD, FHFRENK
R L KM < (Flg.2-A,-B,-C,-D), AEFERENITHX
LV @EMoTTo (Tabled), HEMIZ L 57 VU OI%#
PRITHE LY bAERICHT 2 FSRREVEHERIS
Do LIe3o T, AFRRITHT 2 MR O ZEDIKR 4
My, #EEOFEEE b0 T 5D, M
OFEIL, BRINIEERS — X RIOFEEN ORI,
JC, 2LTC, B &S FHIROITEEMARE LD 5K
FETIATOMLERD DL EEZBND,

2. HEEEOLEY
AWFZ7ETIE, Kl B @ Net-3 KiICBWTTH Y 0fds

23

EWE 72D b RXEATA D 2017 4 9 HLIBEOKAZE
IR E CHBL L7 (Fig.7), LaL, Zo#Mo
XH B @ Net-3 KIZH1F 5 27— b 2016a OE{AEHEE
HEREIRTFT LW 2572 (Fig. 2-B), Xk B @ Net-
1 X & Net-2 KIZEWTEH 2017 4F 11 LR, &k F¥ A
A OEREE B SV MBI & > 7228 (Fig. 7), Z O
WDz — b 2015a+2016s OEAEFEEIIRE IETFL
TWehoe (Fig.3-B), LLEX Y, RIFECHERE S Lz
RS B OFENTIE, & F SERADA OANEHRE
RIRELEZBND,

ARFFETIE, Y A X HA D 2017 4 5-7 BIZBOH LT
(Fig. 8), L2>L, ZoOHEO=aAm— K 2015a+2016 &
2016a OEFREBEEIINTHORBRK THREETL
TWeh-oie (Fig 3-A,-B,-C,-D), LA LKV, KifgET
TR ST BRI FE OGN TIX, Y A Z T A DkrE
IEREEEZZ HND, I =FICOWTIEFRHE LA
Z OMEEE L7 F U OERROR R TS,
B TEWMER 2SS - 72 (Fig.9). £ D78, B =%
WZED7 Y oy, AFREOMAMHK TIZT VU 0
ARREBET D EERE EITE IV, B=FHITo0
T, ARWFIECTHER S IR E OREANTIX, A
ZRBRBIIRELEZZ BND,

BRI L AVS IZEFRIC B L, X L0 b ukEE
X CEaVMEM 2 H 7= (Fig. 11,12), L L, #EHEXIC
BIFD AVS OFEHEENIMBXOZREHFELLTEY,
SRXTOFHEB G FREICRENWZ L5 (Fig. 12),
BB O AVS 1X, #EMOE#HNREEL Y L, KR
O & (Fig. 13) 7774V 0%% (Fig. 10), HiRIC
LB MO  ELFEOIKT (Fig. 16) OFBIZ LY K&
KE®THEEZEZOND, £12, $EHEXIZHIT 5 a8
— b 2015a+2016s X° 2016a OEEKBEEIZEFICKE <
KTFLTWeho7zZ &5 (Fig 3-A,-B,-C,-D), A
JE CHERR ST B & AVS OFIPFHIN T, EEO A
ZREIIRE L EZZ BND,

AIFRIZBNT, 7OV RESCHIAL Vo 2flD)5
BAEMIIHRE SN oTo, Fio, BT ORBRMEE T
IEERZED DIKTRIZIT TRLBES T 7 48 L \Wo 7o
BEOBENHER I NN, TN L FHOWE
MXANZFBWTT Y U OAEFRREOR TILMR SN ol
(Fig. 3-A,-B,-C,-D), LA LXKV, ABFZEOFHAERHR T
HADVGHRA YW BRI D N A RRBIIAREEZ 2 b
2
AFFFEDXIE A Tl 2017 4= 9-11 AR O BN
TR IA, ZOME 1 b= 0 OMERERIZ 1 47T 1 K
FELE, 2L, MO8 D MEMELS, HHbasHE
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FBLIRETHEES & LT 2 3L -7 Th
olz, BT ) 7 4 7 A0 FNOMIIMEEM DT EIC
SWEWIHIHERFEH |, K& XY v M ®HDH—FHT
HYEIRFOMBIZD N D I A MRENE NI T AT » bR
HD, WOMEXHKE LT, BIVEE L B 2 0fd
FEOMDBAZE, MOEEE - K& Wo ol F x2S 1<
WK (RBFZE0 B, C, D DX 9 22 KIK) OFEFNHREMN
HELEZOND,

FEBICIB T DT ) OFEIIEM N ES LEIKEOF 2
B (AR D 2014) ERET S &, RBFFEIZEWT 2017 4
13 AR & N7 ¥V ogHHE GG&E 1 mm KmH)
%, 2017 4 5 A OEEEEE - B REAROFE CTHR
N CEYERE 45 mm) SF-—=2hR— bk (2016a)
THDHAREMENE Y, TO X ITRE L84, 2017 4F
5 AiCHER &Nz am— b 2016a OEKEEFE D%t FRIX
IR B KIS O (Fig. 6) 1, WIHIHEE O RS L
DOXIEE D7E (Fig.5) SIFF—HLTHY, K n)
ZE[H) A o — L C OB RSO BE 0D 221 30 BHE H LA 00 B P
TRESTND L OBHANRFRETH D, ZD72, PE
HEOFRYLARNZIE,  HEH OMEREEE E o o Kk o Fi
PRS0, M H O RS FE M KI5 C I HE BB 28 44
BB ReENDH D, —F, FE—RKIEN TIEARRX
DA R O BRI FE AR 2 0580 b e o -
ZEMB (Fig.s), HE ONIHA X)) O REE O
BRIXE D7 (Fig.6) 13, MIHHEA 2 HHERICHERE T 51
BTELLELD L OFHNRARETH 5, Fig.6 TRLTE X
NN A R OB EEIEE & KB A X Ol (R i
WIZAOHBERS D &L, #HAZLERRTL-0O0
HEFFEI L LT, KBV A X ek, wEEX o
HmER, HUEEIZ L DHERYS - IREG OIS R ED
FLERAAREMEN DD, TOBRICEEHBIE &3 2 01E
RIS & U CiE, AFFE TR L7z Table8-1, 8-2 A&
EBribThA A,

- |

1. RABRHIEE =R 0 ORIV T, M &
7% U ORFE - HHERNIR & B R CHERR L T,
FORER, BEEDORE, BEAMORE, EH
WE L Vo MR EEE B X TITh R o 72 b )
Mo B9, BRI R E K E < LB BAFEOHEN
DR I N7,

2. WEMOHEE, WROEEBOKBIZELEZTH YO
EERROMEIZE D b0 EHER S,

3. WO ME & RBRFF IR AR b i,
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ZORKD 1 2& LTEAKRICE 2T 3 Y OpcRHA
ERHER S A7, KR O AT AR R O O KR
FEREL, HWEMORE I L&, =
JUSAT 3Gl DL+0.6 m LAVE & HEBl S Tz,

4. =IO T, HEEYORE, REEVORE,
JEB U & o o B X OMERF A BRITOREE & 7
Iz,

5. WEMECLLTHU R - O KIZHTE o T
1%, MEEOMEBEEEOFIRESLELEX BN
72

6. T WU OV A XM TREEEEEICAOHEBAN RS
Ihieiod, BRBET IHADOLEMMKRIZIE, K
B XD EMEE, EEXOmE, HgsI X
LHEEY - EGOEWS TR ENPLELEZ LN
7=

# B

BPAARBR O NI 7= 0, RERIEERD A REE A
FEEf LT D 2 LW TR R A O BIRE T
EEEZK > TWZZWie, J8E - 2oV TiE, $EE
IKPEWFFEEE, FABRTT R AKIRRERE, [ENZAFFERRSE IR A K PE
RS - BB B /KIE T2 JE T IS L OB A JE T (Bl
IKPESAIRAFZERT) OB I NI\ W e, ARAFFR T
L7zt o7 — 2 1%, WAk 27-29 K FET
IKEEFSARHEAE AL EE (70 YV ERERBIE O O R
H - fMH - iRESOER E FEFE) Ik v BE L,
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