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KB Z RS DINRMETDH B R Y T I A O HARE & RS K23 TE B BIRD S 5
ZENDho TS, KIFFETIE, BB EBEIHET 2EKIEZERT7 1 -V FE LT, BEHKE
RETHAREERE L 2 BRI TV L EIEEE 2 S 5. 2072002, REZERI I S iR 7 ke
WeEs I ab—va X BKRBE LIFFEREOHRBERE T — 5 &, WINZB W TBIl S /oo
EURE T — 5 %, AEIER LCHEIT L7z, Z2o8E, W20 OBRFERESE T 7 v 7 AT,
B S OEGAKRE ) B IFERESE IR ORMZL L ) & & L AW E R BZIC T &
NTWz, BEETFVERFEIRY I 2L —Y a Y ORERBENS, BHHKIZLBEKT7I v 7 A
ARSI B TR ) OB 2 L TR Y, EEHAE ) OmEIG S A ERREE S R 2 0
Wio T—RRICEE L TV B 2 EDbh ol 2O &, BEHKICHES TEMBA S Z#UET
HE S N7 LB O BRIFOXBEPE KB IRREOWY 75 > 7 N VEOEYEE RSO R, K
Y T A B H OBEIRED UG SN THENE EHABESEOONL Z 2R L. 20X bk
#EE R (land-sea pathway) 2%, FFICEIF I B W CTHEH O B2 L HOBHE L B AF DT TV 5
EEZOND. RREEICBIT 2 B L EESTERN P OB TH 70 0MAENERY HiF 912
(&, BEER AT A L EETH L.

Land-sea pathways between snowmelt and fishery production
in Funka Bay, Japan

Satoshi Nakada!, Katsuhisa Baba? Yoichi Ishikawa® and Sei-Ichi Saitoh*

The annual spat density of scallop that is a typical coastal fishery in Funka Bay is highly correlated with the
snowmelt runoff or accumulated snowfall. This study investigated the land-sea pathways in Funka Bay, Japan, a
typical semi-enclosed bay during snowmelt period to understand how the snowmelt runoff can improve the production
of cultured scallop larvae associated with ocean primary production, by analyzing hydrological and oceanic data
produced by a land-sea integrated model in conjunction with newly compiled datasets of riverine nutrient
concentrations. The model successfully estimated the riverine dissolved inorganic nitrogen (DIN) flux that is
dominated by the temporal variation of the river runoff rather than that of the riverine DIN concentration. Ocean
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simulation indicated that the freshwater flux supplied by the snowmelt runoff enhances clockwise circulations along

the coast of the bay. The close relationship between the annual spat density of scallop and the snowmelt runoff

associated with high DIN concentrations suggested that riverine nutrients can increase the biomass of phytoplankton

in near-shore seas and improve food availability for scallop spawners, resulting in increased egg production in March to

April. Therefore, the nutrient flux from agricultural source areas through the large snowmelt runoff has an

important role in larvae production. Land-sea pathways need to be identified to design sustainable and synergetic

systems of aquaculture and agriculture for the integrated management of coastal regions.

F—T— R REK, BREER, WAE, KEE, Ry TUA
Snowmelt water, Land-sea pathway, Funka Bay, Nutrients, Scallop

1. [FUSIC

FHFESOMETH L [HEHH{ES AT 4] LML
7o PLHFE|Z, land-sea linkage (e. g, Katsuki et al,, 2009),
land-to-sea connectivity (Gorman et al, 2009), % ® &G
WD, 2000 FELE, NS IZHEBLL - HERE, e
BT - B2 T — VD S BER THELN TV 2.
BEZ> & W~ O BT O ] %l U 7= Bk DD %2 05 1)
X727 (e. g, Antonio et al, 2010) 7217 T4 <L, BE
MO EAERICE S EZ L T4 (e. g, Milner et al,
2007) %, WRIZITHEAFF - NSCRHAR 2 B5HE 2 & T
7eBld 5 (e g,Stomsetal, 2005). & HHA, Ttk
RER &M AERE RO ENER  (Polis et al, 1996) 2%, 4§
(ZIRFIERIC B 2 I ERER O B OB IR K TH
5 L EHEC W (AHE, 2012). 2o X 9 7 land-sea
linkage 1%, HAFE TR A% 513 [HedERE | H 5 \»
13 TREMESR ] &) SN2 Lk v., KT
13, BBEMICELADLRHRD “DRPBN" O A=
wMARE 4 5 [BEMREER | v KD, BEJIGEEBICL
72BE B HENOETTIA D /3 A (pathway)” DT E L
T [FRiER ] MR TR 2.

INE TOEWNINI BT 2 BRIEER DR8I DT
&, BEA FEERT 4 — )V F TR D N TE TV
bOo, FEEEHOERNLZEFIZETES TRV D
PHIKRTHA S, BElEgI "B Lw ) ek - A
SRR 2 N 2 ) A FRE SR (I, 2007)
X, /LWL TOOLN) OFBEZ AL, Fhy<
a7 E BB 2 R4 - FAET A BRI R R AT
BT L WAEEEE & LTI S e REMRERR YN
5 LW5EH 2 M L7e [ &z &3 51— Ras
HEo7zo12] (0, 2012) Ti, BRSO A IR R
BEROFERHIZETES TRV OO, EIZHARRFE
BUFLEARRLWNN, E, W BRI & L7z B R
WLEa—8NTw5s (e g 5, 2003).

WAETIE, FICHEBEGHIC BT HRE LK & iREL
WA R\ L 7o B B O R AT IF 5N TE T

W5 (e g, ONeel et al, 2015). dtFERICH L% D&
AU FIAET TG IS 5. BEHI)IHA D
R T BRI, AR CEE L, RS KRR
(Region Influenced by Snowmelt Water) & I .53 i I8
(Nakada et al, 2014a) &, 4t 35 FELAL oM (b
RDK 2/3) OIRFBIHFEL T D, BERPLVE
KB HET BINRIHIC BV T, BEHIE—FEohT
TR ED% <, Wl U7z B 5 O R A& A=
WL BB TH L. BE LK RO AP E
FE - WA TR RIS T EERITRE V.

HAIZB W TS K & 2 ZEHKE Wilpud, #
T3 L RARIBUEES LI~~~ JLiEEonR
W TH L EPHERE, LR SNL (Fig 1). H
(2, ZEHT TH HREE LR O H AW & ks o
IBEIIE, 4~5 A O S I B IR EA—HF 0
HTIRARE RS (Fig ). RIEEAKSED L IR
WOEYEE B 5 2 52DV TUE, AR REFEDS
PLFOHEATR L HDD (e.g, KiES, 2013), LD
HFRE T TR, MEHIEIEFOTV-I v 7L
), R DTS V H AR BIEEC B\V THR
SRR o THERFTH 2. PIZIE, HEEGE
TdH HEKEE FFOBEAKBICBWT, BEHKE KRS T
HAEFELEOMBEFED TEVEW)BRLED D
(Nakada et al, 2014a). FEKE TIEh s 7 4 A #iHA R
ATHY, FHEENAES F5077 ) of 2% (B
1005 FY) Z2EDTWA.

KimTld, TNETEEINTE WA T— %
RNERLC, BEHKE RS 77 A AL OBRE F
WS 2720, MHEHIFER L CREAE SEICHET 8K
WA BT L RERIEER AT 2B, TRy 7
HAOHEHR T — 7 ST WD 2006 4£720 5 2013 4E %
TE L7

2. FRFTXIERIMIE

HEIER B 2 HAE (Fig. 2) &, JERFHEPEER D
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Figure 1 : Snow-cover chart and map of months of runoff
maxima (After Nakada et al, 2014a). Snow-cover chart
estimated wusing the Automated Meteorological Data
Acquisition System (AMeDAS) dataset (JMA) and a map of
months of runoff maxima in Japan based on simulated data
(Yoshimura et al. 2008). The capital letters along the color
bars are abbreviations for each month of the year.

R ERIRE LK E, AT E RS § 5
@ﬁ%mm#,ém%:xﬁ:mlTé@b11:~7
RETHD (KA, 1971). T 0 X 9 \CHERKR & T
WK ROKILAINE TR S0 &9 BT R fiifa ¢
HDH. BEUKIZFIZF K= 70 S ORIKKE &7
DARIE S (~32) T TR (<2TC) %Kkl Th 5.
R, RN S B A IR R L IR IRE
P, JbifEER RG> CHEERT L, HBFITHEAE
HodbE» AT % (Fig. 2a). —77, HEE#EED 5
U L 7R K, S - R O BRI K L 13
(2 U A AR L T D, —HIZH®SEMWEIHE L
T, KFE~LFITEKBNLWAT S (MRS, 2015).
FNWZ, BNTIIFERENE & RO RS IE S
BRBENOEMEREERBL TWDEFEbN TS
(KA - KF1980). F72, B#MOLELRED OO0
Ke, BEED S OWNIKAFHIZENNRAL, Th
SOSRA L COKMOIEMOEE L72/5E, BNEE DK
BRSNS,

MK O IL 2270 km? TH Y, FEE (2130 km?)

5 (a) Simulated salinity and velocity field

(b) Map around Funka Bay
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B2:(a)2010 4 3 H 20 HIZBF 5 OGCM 12 X A K75
ﬁﬁﬁF%EWEN7FM (b) WFZE %) SR FEI O WE K5 51
BT 2P & L HAHIK, BEOFISIL RS T A
ﬁﬁ?&fﬁ) W), Rtk od B C PR & AL 72 SRS L) e A RS
AREIE AMeDAS B, TR E DL I I (S
BRI, EERIN, ERBUN, EF)) (2B A1 E e
MAERTY.
Figure 2 : (a) Maps of the simulated salinity (colors) and
current at a depth of —12 m on 20 March 2010. The white
stream lines with arrows indicate the flow direction
estimated by the simulated velocity field. (b) Map of the
study area showing watersheds and aquafarms (black blocks)
around Funka Bay. The white lines and colored areas indicate
river paths and land use in the watersheds, respectively. Blue
circles represent river observation stations. Red dots denote
the AMeDAS stations. Gray lines indicate isobaths and
topographic contours in meters. The dashed line defines the
mouth of the bay. The eight capital letters (T, N, B, D, Y, O, N,
and S) are the abbreviations for the major rivers (Torizaki,
Nigori, Otoshibe, Nodaoi, Yurappu, Oshamanbe, Nukibetsu,
and Osaru rivers, respectively).

REILE (2120 km?) LRBEORE S THL, EHIXE
VAT B A 0 B KIS AR O & 5T 2624 km? Td
D, BKBEOHEORN 1.2/ TH L. HORAKEE D
REFT-107m THY, BhLoOBKELTw5 (Fig
2b). SEIKIEORAAE 1T 800 m, ~FIFH I A BL IS A
1/25 LD CTRAETH 5 720, FEAKE % 5 BKIEH
Jz@ LTl HUWIZENIZHAT 5 (Nakada et al,
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X 3: FEHER AT TIOVINOE - KIEZEHEO 7 0 — KB X O EHED /DD 3EY v 7 T
VOBEE. BARR 2 5t WA B D FFE 12DV T Nakada et al. (2014) &M &z,
Figure 3 : Flowchart to estimate river runoff and structure of the tank model with three serial
tanks. The physical quantities depicted in the diagram are described in Nakada et al. (2014a).

2012). WAIINE—Fm A S oD, BN, %
N, HEERIN, EFELEIN, SR, BRI, BRI,
i)l (Fig. 2b) 0 = I3HREDO L) TH 5.
RE DY 3~5 ATHh, FEMEFHTIIREIZ LD
HEEIMAROEEIE3~5ETH L, MABEIHET S
BTIMORIE, SREOME, T3 THAEBED
HENVWMLTHY, BERYHEBRELGEL TEF VL
LRdv. BAEHOMBEENMR L ERENTEY,
o 0 B % AR S 2 VR EAR G 2 I R T

3. EBREYIaL—yaryBKUAIIIKFD
REBERET—5tv b

BEMERE A E TV (Fig. 3) (&, BUABKFDSH%S L 72t
£ 7 )V (OGCM : ocean general circulation model)
(Ishikawa et al, 2009), ¥ X O'HNEBUZ BT 2 BIFEN %
WA TR 72O )i % Pl T & 5KLET IV
(HaRUM : hydrometeorological and multi-runoff utility
model) (Nakadaetal, 2012) & NX—Z|ZLT\5%. [l
MEET VI, TTICBEE SN T LMRETI Y 27
LD DTH BKEMRNE GIS ¥ AT 4 (http://inno-
va0l fish hokudai.ac.jp/marinegis/) 2B\ CHlgEETill >
Ial—YaroPBEETFTVELTHRASR TS
(Nakada et al, 2014b). FHIEH L PC LW ERE, A
N—= N T d YEORRA RERPOT 7R ATE L. RIZ
OGCM & HaRUM D fifj Hi 7z S 2 5L#k 9 2 725, B
HEETIVOFEHIZ OV T Nakada et al. (2014a) %% 2%
ZlzEnizw,

& RO OGCM BHEIEIE, HEvE & FHk
VDIV 2 & SodbifeE e Aol & AL 70 R % &
CURRCTH O, KPRHEEER 1.5 km, /15 78 J§ TH i
SNTW5. OGCM DOMIHSEF Stk 4 ek ik zx
726 AL R D ML EAT 7 — % (Ishikawa et al,
2009) % 2BBEDOARAT 4 ¥ I FHEIZ L o RSN T
Wh . HEEEERSEAEICIE, GPV-MSM @ 3 B HSFI RS
77 & NCEP-NCAR @ 6 BEHF342k - KT T v 7 AHKA
NENTNE,

HaRUM (&, )1l OEAIE DR - 2 - KN A%
B3I, 500 m A& FICRE SN 2oAitly v 7 7V T
B 2 5. HaRUM o R T 5% 57 52 14 12 1 GPV-MSM
T WA ENL., COFFRFEHEIA MR %0
5, TEOFEHEALRRRAELAL, Bk A X2~ OFHIE
HLBREHRTELEVINEDLH L. VIl —
Ta Yy OFBEMEE, 2010 FF RSB E T — 4
FHWT T AMEES N TB Y (BUHlGE & M its oM
BIPRE1349 0.8, 272 3% LAN), FHMOIRIEL 72 5
Nash-Sutcliffe efficiency #% (Nash and Sutcliffe, 1970)
206 lbaml, HEME I THo 7.

L 720K O SRR EE 7 — 413, BB IR
AT 2N (Fig. 2) Of TRz BTk E %
Wi USRI AT Lo 7— % (54 - g, 2003) 12z
T, BRI O T UL HL S BT B RIK O R AR AT
7 —% (Nakada et al, 2014a) TH 5. KEWEHHTT—
& LT, fEERME, HRRRIE, T EZ VAN U UK
W, rABEESFHI SN TR 25, BB O RARE
RFERAEATH 5729 (Kudo et al, 2000), HKEHO
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fRFE L CmEERFESE (DIN  NOs+ NHy) 77—
RERTICMER L 72

4. KMRIEODERFE(LERT T HAMALES
DRI

MEKIEIZHES 5 KU BT 2 KRR OFRFAEZEA L %
ATHA L. Fig 4a L, HFKBHNIZBITS AMeDAS
A N TEM S NERBEKE SEMBEEE (2L, &
EVROONLHIF 1L A~SFE5HFT) ThbH. it
4 S ERM OFI KR X 1275 mm/ 4, FIYRKESE =X
613 mm/ ETH VKL BESRERTH L. bt
HEEHE R CIERBW LM TH 5. 2010 4£ & 2013 4E0°%
METHY, WHELTHRSED L. ERBNICBIT
FEEMOFHEEFR (Fig 4b) 325 cm ETH ) £I1
SFEEBOFRE BRI Z L L T 5. IR oI5 e
13 40~53 cm D% & ), FEE O FIHES HEO A
DETH 5. ORI RERIE 2006 FF05& KT, LH
HONFHREERIE 2013 EICHRAREZRLTEY, 3L
DMHE ORAFEZLIE -3 L 2w, F2MkE, BEREE
b HE 2 BRI IE A S N R o7z,

A 6 Ot 2 E L 72 E TR 100 mP/s
HETHZ25 (BEA) - #%H, 1996), RS HIIZI1Z# 300
m?/s [ZHELTE )~ O EIZIEHT 5 (Flx
X, ENOFKTEE 278 m¥/s). JIT & OB,
ZRNTH BRI, R, JAGIL, B
(2B BT TRERE L CERS TS (Fig 2). &
TN i B AN LRI & % 72 O Bl = (34 7%
WO, MELKOMEREMLIIETSTHEL I
S OUUAJINER G EZ <, BRB N <4 i =
DOFI50% % 5 5 (Nakadaetal, 2012). Fig. 4c 12, &
I b= g VRIS WA U i B R S
BUF2ESE B~4B) oWt ~d. s O
MOEFHFE =T 48 m3/s TH 1) 2013 4D D %
{, &% B3~5 ) o&iimD 7T~8 FNIMEF /K= TH
% (Nakada et al, 2012). F7z, HEFIZBT LI E
E12~5 QI BUT 2 EEREE (Fig 4b OREHRTIE
BWZ EIER) ICIEBWHEERSGD 5 (HERE
0.82). ¥ b LT Y OME KR RS HKEE L
BLLC\W5.

Ry TIHARRIZ2 BICIEREARSE, FFE (3~5
H) \ZEEYNT 5 (Baba et al, 2009). K% 7 4 A DRt
WEZ, FEPOEFTIINTT B~7TH) BATHIL,
MFELIMR L ook THA R RERICL > T—H
T LB EofEGiER CEF T 5. BFOEAKBENIZE
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4 W XGEE B O AMeDAS Bl 5 (Figure 2) 1281 % (a)
Bl KE (BN BEEE) & (b)FEERE (ST FHEHE s
IR ofE4EZAE. (o) IR IO EHlE (Figure 2) 1281
B e OZFEHFaHE (3~4 7).

Figure 4 : Interannual variations of (a) the total observed
precipitation (rainfall and snowfall averaged over six
AMeDAS stations (Figure 2), (b) averaged snow depths
observed at the Ootaki of the AMeDAS in the mountain, and
averaged over six AMeDAS stations, and (c¢) the runoffs of 4
major rivers averaged over the period from March to April.
The runoffs were observed at the river observation stations
(Figure 2).

JAMEATE, K THASEREER Y IET HEE
LEETH 5.

Fig. 4 THIZMEBE, FkE, BIEREL, FFOKY
T A ORfER%E (Babaetal, 2009) OBIfR% A THAh X
9 (Fig. 5). BEHE, FokE, BEREIE, LEBCBT
212AM55 HETOFYETH L. HEHBEE LES
I, BERE & ORI 2 BARED 2 & 295 7208, HE
HEELEZEEOMIITE VBRI AONS (7272
L, 2011 & P& <), 2011 FFi2owCid, 3 H 11 HIZ%
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Figure 5 : Scatter plots of spat densities for scallops averaged
over late May to early July and snow depth, rainfall, and
snowfall averaged over November in a previous year to May
of 2006 to 2013 (see Baba et al. 2009 for the sampling and
calculation procedures used to derive the spat density data).

A L 72 G R R GREARER) 12X 58
WAl L o TR BIIZ—ZE L7272, —FHWICHES R
EHHABEOMZ D% CHEMREEPHENIZbDEE RS
Na. 2011 FIZOWTHIEME R TH L. HEHEE L
3~4 AomiliE (TRbbMElikEs) &L dmoTH
WAHEIRAMR (FHBIFR%L0.99) 235 Z LS ho T\ b
(Nakada et al, 2014a).

5. RIEHKICKDNK - REIETSvIREL
HhFI A

Fig. 6a (&, FE 2/l (Fig. 2b) O Tt oK

HIZBI1T % DIN CR#EHE) BREOFHZLOMNTH 5.
EfN 2 B2, &Tom)lo DIN g IZESE (3 H~
4H), $hbbREHMICBVTE—2%EoTW05Z
EDTERTE L. @I EBSIIO DIN REE X, o
AN EAE, KT, B, S5 OB Ds
L HEAKIIC B L A A A B L (Fig 6b), 4
TOHEKIBUZ B THRMIATE O 2 EEGH 8 N A
LGS, EBIE BRI O EIBOEAA23%, 30%
o TB VMWL Y &, RGTERGI, #E5EE
NOEHMOEEHE ., O &%, DIN EEEA
(F I - FE ) 2 HHEH SN2 KA X - TN
LTWAHZEZRELTWVS.

JKXET NV (Nakadaetal, 2012) 12 & % alEAE% H
W, BRI — 7 QNI OFEZHEE L, BB
ECEToOMNEZFHE L7z, Fig 7al, 2006 4 2°
5201344 AF CoEMIOERRRETH L. S
WCEFISTIHED E— 7 AR5, @S HKAHE S
NTwb, BEF KFIZOLE— 7 HELASLNL D —F
M7 BRI RIS X 2k KTH Y, AP EHE T
%L 4~5 BIZBU 2R E S FHII RS 2.

gt i 12 DIN 2R (Fig. 6a) %% U C DIN 7
F v 7 ARHEE L7z, Fig 7b &, 2006 445 2013 4 4
HEToEmIIOEF DIN 75 v 7 ZHEMETH 5.
HKEEOMEHAKEEIZBWTDIN 759 7 ADE— 78
Ao, I EORRZS) & IR L A B) &R
LTw5., T, DINBREORMZEEINESL D &, Wl
MEOMZBIESK S W20, WIGEORBZS)IC
DIN 77 v 7 ADEBP L ENLNHTHD. D
2, BFEOMNTEL & D%\ 2013 4F 128 W THER
DIN 75 v 7 AW b %o 72, #KHEKIC L % DIN
7597 ALFIE N T\ 5H (Nakada et al, 2014a),
A BT O Z UK & KB K% AFFL 72
DIN79v 272D 10% LT THY, id~o DIN 7
T I ADIFEAEANNPLDLDTH 5.

6. BEHKIC K> THIEETNSHEFETE D OiRED
1%

B HKIC & o THEREBIR R, REOXERE
AT S B LI, HRES MR T L7z
WINFFORDBTER S NG, DF ), FEIIIER R
NHEBEIIF I RS S A, —fFlE LT, Fig 812
2012 4RI BT B FEdERTA £ 7V (Nakada et al, 2014a)
DY Ialb—varyfERERY. 012413, FFIIBW
TENANRETE D AT 23 2%55 <, %
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JIREIZ A 7,
IR OWERIC B CTIEREE HKIC X 25K (7
73) 0)‘(;[[]\ 2& o THETE Y B A5t S s, 6l *£DHEEbNTWS, KEFHRY) OB OMALD X 7
21X, 4H26H (Fig 8 i) =& % &, ksl ZALIZOWTE, I HKROZIEREC L 5, W
FHE D) OWEIS DT S A, WD S HIK L 721K
Lo TR OESMET LT\ b, L 3 AT % iR self advection (Garvine, 2001) 12
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1b. (b) EZE/GAIINC BT % EIKINRFE & 2 H & FARI SRR 5o 2 E 4.

Figure 6 : (a) Seasonal variations of DIN concentrations observed at the mouths of the
eight major rivers (after Nakada et al, 2014a). Black dots with each river color indicate
values calculated by observational datasets. (b) Percentages of crop field and forests in the
eight major watersheds. See Figure 2 for the map of land use in each watershed. The
numerals on the bars represent the summed percentages of crop field and forest in the
watersheds. The numerals at the top of the bars indicate the areas of each watershed.
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Figure 7 : (a) Temporal variation in daily mean estimated volume
transports of the total discharge from all rivers from March 2006 to April
2013. (b) Temporal variations in estimated daily mean DIN fluxes (mol s)

from all rivers.
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Figure 8 : Daily mean maps of the simulated salinity (colors on the ocean), current (vectors) at the surface
layer (— 2 m depth), terrestrial runoff (colors on the land), and water equivalent of the snow cover (m) (black
solid contours on the land) (a) on 1 March 2012 and (b) on 26 April 2012. The levels of runoff volume
transport are depicted by red to blue to white colors along the river paths.

T % (Nakadaetal, 2014a). M 1 2 Wk 2 JEEK
X BHEA N Z AL BIR_ESN TS (Takahashi
et al, 2010). T D X9 HEIEIZBIT L ILE)Y O
ZALIE, INE TOMA ZBIFRIZ L > THHS 2
o Tw5h (e g, Takahashi et al, 2007).
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Figure 9 : Horizontal distributions of (a) simulated particle densities, and (c) DIN densities on (left) May 7,
2012, (mid) May 22, 2012, and (right) June 5, 2012. The eight capital letters (T, N, B, D, Y, O, N, and S) denote
the abbreviations for the major rivers (Figure 2). White lines along the bay are river paths.
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BEnsd, ZOTLEPERI NS 5~7 ORI,
NABKDS RS 74 HEHOAT - RICEOREL 5
A 5. FHHS T OMmAKE KA LITTEBY), K& T
HAMEHIZIE D 30 LN TR T 22D 5
(Nakada et al,, 2014b). &ZF (3~4 H) ojiiw ($74b
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