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Abstract

Kumihama Bay is one of the most highly semi-enclosed sea areas in Japan, where suspended aquaculture of
bivalves, including pacific oyster Magallana gigas, Japanese cockle Fulvia mutica and manila clam Ruditapes
philippinarum, supports the local coastal industry. However, as observed in many other coastal waters of Japan,
recent years have witnessed poor growth and mass mortality of cultured bivalves. It has been widely assumed
that hypoxia is typically a bottom-layer phenomenon in summer, and that semi-enclosed coastal waters offer
favorable feeding conditions because nutrients are abundant.

Comprehensive understanding of the seasonal dynamics of hypoxic water masses and the spatiotemporal
distribution of chlorophyll and nutrients in semi-enclosed waters is essential for identifying the mechanisms
underlying winter mass mortality and summer food limitation in bivalve aquaculture and for developing
management strategies for sustainable bivalve aquaculture production. In this study, we investigated Kumihama
Bay through monthly along-bay transect survey conducted over three consecutive years, complemented by
high-frequency automated vertical monitoring. Physical environments and variations in dissolved oxygen (DO),
chlorophyll concentrations, pH, and nutrients were analyzed to elucidate the physical and biogeochemical
processes governing their seasonal dynamics. Furthermore, recent trends in oligotrophication were examined by
integrating these findings with long-term governmental water quality monitoring data.

The results revealed that strong and persistent salinity stratification, formed by freshwater input at the surface,
suppresses seasonal vertical mixing and allows hypoxic water masses to persist even during winter. During
winter, intrusion of oceanic water outside the bay into the bottom layer displaced the hypoxic bottom water
upward, causing hypoxia to reach the bivalve culture depth and triggering mass mortality events. In summer,
depletion of nutrients in surface waters led to the formation of a subsurface chlorophyll maximum (5-12 m),
resulting in food limitation at typical culture depths (2—4 m). Additionally, nutrients accumulated within hypoxic
water masses were released into the mid-layer during autumn to winter, serving as a major nutrient source for
the spring phytoplankton bloom. Long-term analyses further indicated declining trends in riverine, outer-bay,
and internally stored nitrogen, suggesting a potential reduction in primary production.

Based on these findings, we propose adaptive aquaculture management incorporating real-time monitoring
of DO and chlorophyll with dynamic adjustment of culture depth to avoid hypoxia and utilize phytoplankton
biomass. These insights also provide a basis for future development of nutrient management strategies supported
by low-trophic ecosystem modeling, which could further enhance the sustainable use of semi-enclosed coastal

ecosystems.
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Fig. 2-1 Map showing study area with the water depth
(color gradation) and observation stations (solid
circles). Dashed line shows the longitudinal transect.
Solid lines show the transects (A-transect: Al-4-A2-
A3-A4; B-transect: B1-B2-6-B3; C-transect: C1-8-C2;
D-transect: D1-D2-D3-D4-5-A3). Red quadrangles
indicate bivalve aquaculture areas.

Fig. 2-2 Vertical profiles of salinity and temperature(°C)
measured in the bay mouth channel (St. 1) in 26 Jan-
uary 2017.
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Fig. 2-3 Longitudinal distributions of (a) salinity, (b) temperature (°C), (c) sigma-t (kg m-3) and (d) DO (mg
L-1) measured in 26 January 2017. C.I. indicates contour interval.
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Fig. 2-4 Cross sectional distributions of (a) salinity, (b) temperature(°C) and (¢) DO (mg L-1) along A-, B-, C-
and D-transects, 26 January 2017. C.1. indicates contour interval.

Fig. 2-5 Longitudinal distributions of (a) salinity, (b) temperature(°C), (c) sigma-t (kg m-3) and (d) DO (mg
L-1) measured in 7 February 2012. C.I. indicates contour interval.
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Fig. 2-6  Vertical profiles of (a) salinity and tem-
perature(°C), and (b) DO-saturation (%) mea-
sured at St. 4 in 2 August 2011.

Fig. 2-7 Schematic view indicating generation of subsurface hypoxic water mass in winter.

6 2R BIAWEE KT TAFONEARAL



BIE HEMLICE LERFKROFHVLHER
o2 )

3.1. HREHW

— XA, BRI & A B TR OH BN T,
BB F AT R E R E R ERICEE TRAEL, &
FILFREDRH SN TEENRE DL LICLD

EIRAIC L TRET A Z EnL<mbsntnsg (B
J, 2014a), F£7z, FHAKMTE, BESHKIZE-STHE
RN ETLHLHD (PFIED, 1999; ZRf - KAk,
2003; &ZJF - HrH, 2018; W I1FEDy, 2004 728),

—J, VK TH DA EIIED i BRI R
WTC, AZRIZ, ARFEKEABIESGSC K EOART
DEMHBICE TRIEEL, #HENRETLIEBZLNDD
LERE2HE TR LI, LL, ARRFEKIL A~
RIS, ZORIMEOFENDOWTIRFEHTH
Do

FIETIE, AEERBIZBOT KENLBEII)
G CHERT SR ELBLIN A KR L, VKIS D EERFEK
B MEEHERE I OUWNT, AR O RUER 72 R 10A 1
FXTHLNI LT, Bl R KILO ZRER 7o ff i 2
DO, WEPEZ T D7D ORI AL L
TRERTHY, BRERED —>ThHh L EE ORI
FILE (D0) OFEIAETEMNT 2 L CHEERERE
5o,

3.2. MrRIE i
3.2.1. HEwTEE B
IERBICE VT, 2021 45 11 H 75 2022 48 4 H
WG, A NRICHEWT SR e Bl 2 S e L7, Bl
W, BOLSERON BRI AT TOMERTER
b1l gmcERE L= (Fig. 3-1(0b), BHICIE, CTD
(AquaTROLL, In-Situ #1:#¥, 5 LUV AAQL183, JFE 77 RN
T AR RV, KR, H4, DO OERE A%
HIEL, EE (LUF, ASCHTIEd_T Signa-—t (kgm )
ERT) ZKEBIOESHLEH L,

3.2.2. &N HE) SR BLH

HETEAEE (B AT o, o —E61
O0TTHydrometGmbH #+ # ¢ DataSondeb) % St. 2 &
St. 3OMINNLET DI A FwHHBICHEL (Fig.
3-1(b), 172U 3 IR | EEOBEEE (V) —TF —%&
BIC LD BRI LV AE) T/, H5, DO
SNEBINEZFERL, HBEEZKEBEBIOESPLEHL
7o HEVBLHAOKEEITH 10.5 m T, BUANTIZER 10 m
FTFEMUIZ, 2021 FEOFKTEND 2022 FEOFFIONT
TOBPNZBNTEMBEO XA BT, ARUF5ET
W, KN D7 hy o572 2020 459 A 11 Hv s 2021 4 4
A2t HOT—H & LT,

Fig. 3-1 Maps of study area with the water depth (color
gradation). (a) Weather observation stations (double
circles) and river flow observation point (solid circle).
(b) Our observation stations. Circles, star and line
show the hydro-cast stations, continuous monitoring
point and the longitudinal transect, respectively.
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Fig. 3-2 Time series of vertical profiles of (a) tempera-
ture (°C), (b) salinity and (c) sigma-t (kg m-3) at the
monitoring point shown by the star in Fig.1(b). C.I.
indicates contour interval.
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Fig. 3-3 (a) 30-year average daily precipitation (mm day-1) and snowfall (cm day-1) from October to April,
and daily time series of (b) precipitation (mm day-1), (c) snowfall (cm day-1) and (d) snow depth (cm)
from October 2020 to April 2021, at Toyooka city, Hyogo. Circles in Fig.3(d) indicate monthly data of Sa-
notani river flow (m3 s-1).
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Fig. 3-4 Monthly longitudinal distributions of (a) DO (mg L-1), (b) temperature (°C), (c) salinity and (d) sig-
ma-t (kg m-3). C.I. indicates contour interval. (continued)
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Fig. 3-5 (a) Monthly average DO (mg L-1) and (b)
monthly data of DO (mg L-1) of lower layer at inner
part of Kumihama bay (equivalent to St. 9). Solid
circles and attached numbers in Fig.5(b) indicate the
data of each January and date of the observation.
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Fig. 3-6 Schematic view indicating (a) generation of
subsurface hypoxic water mass in winter, and (b)
breakdown process of the hypoxic water mass from
winter to spring.
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Fig. 4-1 Map of the study area with the water depth
(color gradation) and our observation stations. Solid
circles with numerals indicate the stations. Double
circle indicates the automatic-monitoring point. Solid
line represents longitudinal transect.
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Fig. 4-2 Seasonal variations in vertical distribution of (a)
temperature (°C), (b) salinity, (c) sigma-t (kg m-3),
(d) dissolved oxygen saturation (DO) (%), and chlo-
rophyll concentration (pug L-1) at the deepest point
of the bay (St. 4) from April 2022 to April 2024. The
black closed circles in Fig. 4-2(c) and 4-2(d) indicate
the depth at which the density is equal to that of the
bottom layer at the bay mouth. The grey area in Fig.
4-2(e) shows the distribution of hypoxic water mass
(DO < 40%).
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Fig. 4-3 Monthly longitudinal distributions of (a) temperature (°C), (b) salinity, (c) sigma-t (kg m-3), (d) dissolved oxygen
saturation (DO) (%), and chlorophyll concentration (ng L-1) in 2023. “C.1.” indicates contour interval. The grey area
in Fig. 4-3(e) shows the distribution of hypoxic water mass (DO < 40%), and dotted line indicates the monitoring point
located in aquaculture field. (continued)
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Fig. 4-3 Monthly longitudinal distributions of (a) temperature (°C), (b) salinity, (c) sigma-t (kg m-3), (d) dissolved oxygen
saturation (DO) (%), and chlorophyll concentration (ng L-1) in 2023. “C.1.” indicates contour interval. The grey area
in Fig. 4-3(e) shows the distribution of hypoxic water mass (DO < 40%), and dotted line indicates the monitoring point
located in aquaculture field. (continued)
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Fig. 4-3 Monthly longitudinal distributions of (a) temperature (°C), (b) salinity, (c) sigma-t (kg m-3), (d) dissolved oxygen
saturation (DO) (%), and chlorophyll concentration (pug L-1) in 2023. “C.1.” indicates contour interval. The grey area
in Fig. 4-3(e) shows the distribution of hypoxic water mass (DO < 40%), and dotted line indicates the monitoring point
located in aquaculture field. (continued)
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Fig. 4-4 Daily (a) chlorophyll fluorescence at each layer
at St. 4 in Kumihama Bay and (b) precipitation in
Toyooka City, Hyogo Prefecture from June to No-
vember 2018. The numbers in Fig. 4-4(a) indicate pe-
riods when chlorophyll fluorescence exceeded 25 pg
L-1 and the numbers in Fig. 4-4(b) indicate periods
when precipitation exceeded 50 mm day-1 and the
ranges of precipitation during these periods.
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Fig. 4-5 Vertical distributions of (a) NO3-N (umol L-1), (b) NO2-N (umol L-1), (¢) NH4-N (umol L-1), (d) PO4-P (umol
L-1), and (e) DO saturation (%) at the deepest point of the bay (St. 4) at 2 m intervals on 20th July 2022. The grey area

in figure shows the depth of hypoxic water mass.
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Fig. 4-6  Schematic view of chlorophyll distribution in
(a) summer, (b) after heavy precipitation in summer,
and (c) from winter to spring.
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Fig. 5-1 Map of the study area with the water depth
(color gradation) and the observation stations. Solid
circles with numerals indicate the stations. Double
circle indicates the automatic-monitoring point. Solid
line represents longitudinal transect.
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Fig. 5-2 Seasonal variations in vertical distribution
of (a) sigma-t (kg m-3), (b) dissolved oxygen (DO)
(mg L-1), (c) pH and (d) chlorophyll concentration
(Mg L-1) at the deepest point of the bay (St. 4) from
April 2023 to May 2024. The black closed circles in
Fig. 5-2(a) and 5-2(b) indicate the depth at which the
density is equal to that of the bottom layer at the bay
mouth. The grey area in Fig. 5-2(d) shows the distri-
bution of anoxic water mass (DO < 1 mg L-1). Arrow
with subscript "I" in Fig. 5-2(a) indicates the period
when the depth of the water entering the bay becomes
deeper, and arrow with subscript "II" indicates the
period when the depth becomes shallower.
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Fig. 5-3 Monthly longitudinal distributions of (a) DO (mg L-1), (b) pH and (c) chlorophyll (ug L-1). Upper figures (I) and
lower figures (II) correspond to each period I and II in Fig. 5-2(a).
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Fig. 5-4 Monthly vertical distributions of (a) temperature(°C) and salinity, (b) DIN(uM) and chlorophyll (g L-1), (c) DIP
(UM) and DO (mg L-1), (d) DIN proportion and DO (mg L-1) and (e) DIN/DIP ratio at St. 4 from November 2023 to
June 2024
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Fig. 5-5 Vertical distributions of (a) Dissolved Organic Carbon (DOC) and Particulate Organic Carbon (POC) (uM), (b)
Dissolved Organic Nitrogen (DON) and Particulate Organic Nitrogen (PON) (uM), (c) Dissolved Organic Phosphate
(DOP) and Particulate Phosphate (PP) (UM), (d) Chlorophyll and Pheophytin (ug L-1), (e) Total Nitrogen (TN) and
Dissolved Inorganic Nitrogen (DIN) (uM), (f) Dissolved Oxygen Concentration (mg L-1), (g) Apparent Oxygen Utility

(AOU) (uM) and (h) Salinity at St. 4 in June 6, 2024.
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Fig. 5-7 Long-term variations of (a) Total Nitrogen (TN) and Dissolved Inorganic Nitrogen (DIN)(M) at river mouth of
Sanotani River, (b) TN in the surface (0.5 m depth) of St. 4, (c) Total Phosphate (TP) and Dissolved Inorganic Phos-
phate (DIP) (1M) at river mouth of Sanotani River and (d) TP in the surface (0.5 m depth) of St. 4. The two parallel
dotted lines in Fig. 5-7(a) and 5-7(b) represent values of 21.4 and 14.3, respectively. The diagonal line with the p-value

is regression line.
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Fig. 5-8 Long-term variations of (a) Total Nitrogen (TN) (uM) in middle layer (10 m depth) of St. 4, (b) TN in the bottom
layer (5 m depth) of St. 9, (c) Total Phosphate (TP) (uM) in middle layer (10 m depth) of St. 4 and (d) TP in the bottom
layer (5 m depth) of St. 9. Solid circles in Fig5-9(b) and (d) indicate data in January, open circles indicate the data ex-
cept in January. The two parallel dotted lines in Fig. 5-7(a) and 5-7(b) represent values of 21.4 and 14.3, respectively.
The diagonal line with the p-value is regression line.
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BPNNSRolZENERELTEZLND, IHIT,
12 HD S 2 BT, AORK SRV K0 )&
DSHEINT 5728, RO LA BRI
IZED, ZOBENERBIIHKIE - KHE T No,-N 2 %<
BATEAKBDMTFAE LT, 12 ALK, Rz en 7
AR ENT=DIE T AB X2 HOATHY, BEDL
K oT=Z e, TS DSFEIERAE D — IR AEFE~
DRI REL RN ZE DRI SN,

ARO &Y, HZEOWJIN GO DIN i 13072 <,
BN EBORBR LB LTWDD, fhifEs clxEZ
DRI R o — IS T 5 2 L bbb
TWD (HEIED, 2022), AKIEETH, S T59
mmday " OO KRB SN 722 H D 2022 427 7 20 HO
ENZRIBOHE YT 18 T, DIN 21X 3.7 uM Th 7= (5
3F), IHEOERMIITID INEZHK 25 WM, DI
HO DIN OEIEE 30%E L, SBEENS LB LK (R
53 31) &2k M5y 5) NUETERA L (M
F18) LET UL, BNEBOREEREIL 3.8 uM
FREEL2D, IZEFEIEL BT, ZOFRBHEMGIC
D —WAEEIT I ERBICBWCEBIBTKRETD (56
3%),

BHIK T 2 AARMGEOWE K ORI OPRRFEITDOUNT
HERMIZEEZTHZENMLATEY, EE 100 m
L&D 11 A5 4 HODIN (X 2-5 pM, PO, P (X 0.3 uM
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THY, 5 A7 10 ADODIN (X 1.0 pM BLF, PO,~P (% 0.3
M &SN T D (Nishikawaetal.,2022), A FELLE
TIEBAKROEAT DI - WREIZZ aa 7 4 VIRED
ERITHER SO Rn—, BfEFEAILOE Eicra
07 VBRKBRRETH 2 ERHERSNTEY, 54t
KIZHFET BRI D — IR PE~D BT 56K
HR DA LA TIRER TH D EB 2 b,

5.4.3. REWORENLEA

A S A AKEARE JE 7 — 2 DFENTRE R D,
1% 38 U7z S i o s 13 h BRI LT,
TRICEHETIEZEZOELMD L TNAZLAVRIEE
Nime BEIEIEDS (2020) (X TN 23 0.2 mel”' (= 14.3 pM)
PUF ORI, Cld— Wk AAEE B MEL, MR R Fr
DELTWD, ZOZEnn, HARDKERKLEIZE
UWNTHANA SRS S 220 EEEI L TN A3 0.2 mgl” (+14.3
M) BURESIUCTnD (AAKERTRRERZS, 2018),
I AT N OWedk Cid, 1997 4RI bt ek A3
BRAA S AL, ALBRIKIZAEURIES O AARYE~ L it S 4L
TWb, TO%, BIEICWZ5ET, {0 NKIEEEkE
T UFET TV D, IFF, A0 TN 13 15-30
M OFEFHIZH D, ENEETIX 14.3 M % R H A
LT,

7o, AERBOEMFEAKLL, EFRIERIRE 10
m RIS R S AL, 4 1 A S AR Al & LR
5 mAfhEIC EH3% (Fig. 3-56), TFREBIZEMINT
WD CRBI A ML TN D LB 2 BN DIBIES
DEEEE 10 m O IN R, 4E 1 HIER- TR LD 1
DEES m O IN HEMIIHED LTEBY, EOTL—
DICERIND FIE D ORBHEAAGIIZAUNE ST L
TWBEEZDDONREYTHAY, IBIT, BHKIZH
725 BAHE D531 DIN 38 LY DIP & B K HIRIZIH
BL TS EVW) (Kodamaetal.,2016;Parketal., 2023)
ZNHOEIICZEALRZROERY, AR O—R A E I
LSHBHBTHZERTIIEND,

5.5. ¥&¥

BTN —LOERICHEGT2AMRFBEARINHDH
B OB E SN T D701, HEWTENEBLEI
EHITRBIHBEONE T LT, TORME, T
JE DB KILTIC S BITE EITUV B, 5
KD NV FE SR FN IR IR BN DA ZRII)T
T, WRACBANEEO EPE~LiEiEh, BEOM
WMo N DTN — MO N D EB 2B (Fig.
5-9(b),(c)), FD% 6 HETIZ EBORERITETIH
BINTHRBLTERY, [, HINL7-A M3tk
LCofiEsi, BEXZHETLITHAS (Fig. 5-9(d),
EIKOME NTRIE D3 L 720 FIBOKBEN N 3% 6 H
PIRRIZIE, AMBFE I ERINTEY (Fig. 5-9(),
ZDOZEEEMT TG,



AA T b FASHA R A L IRBNICB T2 W E £
ORI OIEERIT, Fig. 5-9I1IRLZkole, Bk
DHENREE D ZFEE AT D BN O SR EEER T DR E
EEBACBIR LW, s JOMEE D ORI D
WATOT NSRRI LTO D ATREER &L,
PICE RS TV DRI S B IIICHED LTV 2 AlRE
PRIz, A%, FHRIC A BEEM AR5
OITlE, ZhHOBLREZBE L BT, SRz iy
IEH L CWDSBERH D,

Fig. 5-9 Schematic view indicating nutrient distribution
in vertical section in the period of (a) shallow Estuary
Circulation (EC) (June to September), (b) deepening
EC (October to December, the period I in Fig. 5-2(a)),
(c) deep EC (January to March) and (d) shallowing
EC (April to May, the period II in Fig. 5-2(a)).
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6.1. AWFEDORR

F2W T, THERIMAIGICHIT A FOHRHAIC
£V, AEEBICBIDETFORM K HDOHHEDOE
IRIRNNERFKILTH D Z LA ML, $3E T,
D> BEFRIZ NS COMEA D EREHEMT IR & 1 Rl &
DOHBHENEBIANC LY, AFICEER RIS
ThHhHTRBIZET AT oMEL R L, F4E T,
LVAEA B UM nE N LY, Zaa7 vl 1%
WLUTEIRICOALTEY, ZOMKEORENPEIRFHE
KB ZEE) & E) U CRRICRE A& A 2 L 2B
IZL7z, BB T, SRIENIZRRABEIRESHTE 1 A
TEICEL, BOMEMT T 0 N TN — SO
HEMEKID O O FEAG R TE~D R EE
OFEFRRRRZ ML, A LRI HIE O fHTs 5~
LPFETC, BN TEICHESEIN LK EE N R
WD LT A E R LT,

INLOMAIF T OOBEEMSEE L, — 2l
I E 2 KT TLOREMBITETFICORIEEL
ARZIIFEELRY, b —DIL, WO THHAY TR
BN EFE RN O, THHEOEHREIZIRATH
5, EWVIHIEETH D, FABHMERERCVKI O GiE
BZRWTC, INECTEENLKEICRB T AR FE KL
DIEAENTOWTUIZ IR E D B 505 (BILRIFD,  1998;
WA 1E2, 2004;Leeetal., 2017;Zhangetal.,2018;Aguir
re-Velardeetal.,2019; #AHIZ2>, 2021;Liuetal., 2023;
ilAER, 2024 728), AZETBIFLEREFAILUZONT
IERBORIKKED L DR (&, 20005 -+ $5K
2021 728), FDID, AR THEDRKEIENFEAEL
THEMRFKILDFR E1EE 2 50T, BERO—>2>00
REMEE LTELSNARETH -T2 GIEIE), 2012),
FEOKLSNC, ATRICH B FE AR B E 2 FE T
B2 R~ LIZZ & T, Ak, Milpk CRIEROD B EDHAE
L7356, FIRO—2& LTHBRAENZESNDT
HA9,

Fz, ARWFFEORRINC LY, PASHMEER (A EUE)
T ORI 72 AL AR T 720 < DDA S A ]
neLipotc, —OHIE, BMBICLDPEDPILEK, —
SHIE, fEEHREIUGER, —“oHIE, #EEkOREGHZ
REHEHIIOWTTHD, BLNICENENOFHME T
7.

6.2. XFOEMBEREN I ROWET

AWFFUC LY, AEEBIIBI DRI ZHIN
TR A 40 TR S S0 2 o7 (Fig. 3-6),
ZETIE, MO0 E R, KIRREIZED FEO
KEAIMNEL, BREFL LTz, ZORAMFBARIZIEE
IZETERITHY, 6 HZANDL 9 HZAIIOIT THIZTE
IZHY, MOETERTHZEBIRFE RN EEZLND,

BIzIE, U EDIREDOLLT SOMFIEL LTy =3 —
EWRHY, 1UTFIZRDEEADRIVLCTVESN
% (BREEA, 2014), LoL, AEEBOBA, EFD
FREETEOBEREAIT 15CULEHY, #EAEL 10 kem®
UbdHs, ETFBOBENAEEZ 10 ke ELTH, W=1 &
72D KRG 45 ms! PLEE7RY, BEUC KSR
THIRATDAMBEMEIID TR, 0728, BT,
FIRE ZBIRF KM Ea L0 b E<RETHILETH
KO EEBLIET D ENTED, UL, BT,
TRBRAN IR NE LTS 5 m LI &) BT
Y EBLIEOBA TIELWZ LA /RLTVD,

—J5, AZL, OZLOWHE THEIRAICEVE
B SEKBLMRYE 3D DIZx LT (BRI, 2014), ALl
BT, RENRREIC LV REIRA N RBEL RN L
DHSME2 o7 (Fig. 3-2), FNETTIERL, EB4FE
LHZA, 5 m BIAROFEGRIGI IR ERT 2
TEDBHBLNE R oTn, TOBRET, BAKEBNAKD
O RBRIC LY, AN RATHEIKN
BN TEICEAL, TRICHELZAIR IR TfE~
LML ETDZETHD (Fig. 3-6), D72, I
EEP T HIDITIE, EIVKOEANRENEEL 725,
AR R A TTIC, 2024 4F 10 HiZ, 1FERENC 1 [ElosE
FECHBhREBLINA T o %E (LUF, BEMBLIILEE)
FREFEICHE L, Tk, BNOEEOEE
HIZR A TALA LTHIETE D, B TH DA
ORI, VT AL LNCOBREIT 2SO0, (EH)
IKPEHE - WF 424 o FRA-ROMS (Kurodaetal., 2017)
KEBFFD JPN 2 27 A (Tsujinoetal., 2017), JLINKF:
@ DREAMS (Hiroseetal.,2017), 72E M HTTRE TH 5,
ZAUTKY, BIIKDOBEN~OHEAREDEFETD
HAILTRBRBLETHITE, ORI EGE
EERBEOE FRETHD 4 n IV HE<THZLTxt
IGATRETH D, WIIKICKY, FRDTIERAKIR « KL
IRDLVREE 2 m LIEEBET, HOMUDIRER S micE
TLTRLZET, AMFBKIHBPROFEMRZA I TH
BT EL, ETRECED, EERIL, ZoxRE
Hiof-Z &G, 2024 4F 1 ADRMEFHEIC LA HED LSy
EHIETE T, 5%, AFEOREE TIcWETT
NEBRRETHI LT, IDLICEEHMREREEKILO LA 0
AR EFIRE R TT D LN ATREL 720, #hE
BHlE N LIt D L7 D THAD,

6.3. APRIBRBESE ROMGET
6.3.1. ZXFHOHEFOTRE NG

IFEETIE, 7 aa 7 W 3kb TR IRy
fil, TOMKEORET—EOFHEBZ RT N
BN o7z (Fig. 4-6), D7), KiED 7 mm74
IAREDIFFISH NG E TS, DT020.51 m DR
ZETHRIMEEIZRB T D7 ma 7 LR E L A E72WIRBL
MIEL TN, BEREE, b hRRERE TR
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FH A HO BRI BE O KB 72 YB3 fLIA D 2 ATREME S
HD,

HRTAMFEKILE LIc7 na 7 VKRN TE D7
b, BUR T EBICAH DRI Z L@ A
IMED, LanL, BiiciCikiE L HEVELIIIEEE IS Ko
TUTNAA LT a7 VIR LR O DO DERIE 34T
ZHEL, ZOEHE CICHE CIREFETHZENT
UL, BVVEEEEAIEHTED,

AFINLFEFTNT T, 7 ea 7 Ui KEOEEE
ICADE CEEE LRI LT ZET, li/hs
WU R CREBHR RO ENEBTH A REMEN B D, =
NET, AFREORERITAREF AL OME R
5, FEHEICHE I ATREZRVRE R IT 1 4E 2L C, RES m
DHEDOIEZZHIVTET, Lnl, HE3ETHLNIC
L72&918, 2 ADD 5 ABEIZIT T, ARG IZHBT
DEBEFKIOLEIIIFEAE 2 NEEZBND, =D
78, ZOBHCIR-T, A HORRE M LI RE A
R EHHRIZEIRT D 2 ENMTED ZERHLIZ /2
Too a7 UK EOTRE L BT L2 DR 0
ST A TRUZT0, FIUTE S TR O
T HZ LT, B A EOEEREE N SGE TE DA
RRMERD D, 4%IE, BEBNEEOT —2 2R
HZET, KGR TN R L 7D,

7220, R TR REREII S ETr/rr T
NEBEORIERLEZLDOTHY, HAETHELLT
WA= XS, saa T VRELLTENDT TV b
COFERAAL, Zvuu T VR L UTENRWERAE R
OAPEEERE, T RUAAREOME LU TCOEEM:, Hhb
RIEIZ 31 2 it /K & BB D BIfR 72 L 12OV T,
ABALIZLTWSLEN DD,

6.3.2. B HARIC BV 5 DX
(Digital Transformation) W] fgtk

AT OO TR LG #E 13 DX & BRIPEDS SV, KPEFED Sy
B CIREBS A EICH D LN, EENmEIZWD,
TR ERDEKICI S D, BIENLETH L L
DEEENRSH Y, BEREITHAT DX ITEBENTWD (FA,
2019), MHHROZHBERMTY, IHE, KEREDUT
NWEALNTODFE=LRY) A TRERL-D>2H5H (Zhangeta
1.,2021;UbinaandCheng, 2022;Luetal., 2022; 1 H I1Z 7>,
2022 728, Fcit7R I FREEA~O B BT O
B, T2fE, 7TV AIRBIILAREMTIE, T
HEZEELT, V=T —REBLMH LB LHE
Tur—7 0% EIFINFEBRIHE A ST 5 (https://www.
tarbouriech. fr/huitre/, 2024/10/1 Wez8), VT /L% A
LONKENEREBIE LM AAGDENL, K
e CRLNTo R Z I, W ZVRE~D B E)
FHEENTIRRIC RO TH A9, W R B EF
EATOAREE, KA IT A DX D i o F4
LD THAD,
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6.4. PHSHVEHEIIC BT 2FFe M R RUTINT 72 5

AFERETIE, EROAMBITFELRDL, il
VBN EEOERRBELBE IO LW, 20
MEIXBREE A (BREEA/KIEERI) £ Flal-Tkh, ¥
T EBONKEIISGE L E 2D, EEOTRBICIEK
IRE L THRBFAED RSN D, BAfgFKFoE
FREITFEARDO L CNDI LA, AFEOBRTBORE
FREORIICEYRLEZ Fig. 5-9(0b), BREHEKIL
PORERIT, BEFEOFEI a7 VRKOIERHS,
BEOWMW 757 b D7 —LIZFIHENS (Fig.
4-6(c),Fig. 5-10(c)), HEEFKIP ORI AT
UL, TNOO—RAEEDRD L, HEHEO L EEITK
TIBHEEZLND, ZOXHEE, BIEOMKE
EIROW D LT —BHORE RR DK D—DIZ72
UES TN

JESRRZ, R PO T, A
M7 AR EOMRINE BT LD AW FE KL AR
PO A | X Z L(Rabalaisetal.,2002;Chenetal.
,2007;Weietal.,2007;Conleyetal.,2009;Rabalaisetal., 2
010;Wurtsbaughetal., 2019 72 &), ZOREICKHLT 5
723b, A XA EOHIBIZ YA CTE 72 (Riemannet
al.,2016;McCrackinetal., 2017;0viattetal., 2017 72 &),
LTAR, AMTEORIBITZN S OREA BRI
2L, WIERORBD A FEEO MBI EDRID
B 72 S | X S ATREME Y B D 2 E SR EBIZH D
N 7p > Cx 7= (Philippartetal., 2007;Duarte, 2009;Co
nleyetal.,2009 72&), HARENTY, HEYE, FHE4E,
WENIERE, SHCRERFRIC LA AL T
% (AFIED, 2008; BEJE, 2014b; i MIE 7>, 20145 T/
JEUEAY, 20185 E1EAH 2020 728) . ABFSETHS M
L7z &912, BARTEGPASENZRMHR Th 5 AFRIRE T
FREDRIENFAEL TN D EVI FFEL, WEEICER
T THDHEZZLIVTNDENO EOE CH RO
BREIVHI DI EERLTND,

AHFFETIE DI ARRIE, AEEBICRIT DGR
DFHeE 2 R BRI Te—Bhk 72 b Th A, B
AL, BNOREBRMERZ BB 2R AEERE
TNEAERRT D ZENTEIUL, EEND OREEAG
DRV TDETOEBIHE TED, ZDOXIRETIV
RV, HEREW DN v IRIE T OWI H O E) 70
FEHMIGEDHEE CTEZHTHAH, BIFERE G, A
EIRBTIIEZTL—LIC, BERICTBOERE K
WIZER LTV RBEAFIH I TN D Z LR S
N3, EZEOLBIZRITD - RAFEBE TN
THIEE, R RERNR—IRAEFEZIRND &
EBZbID, ZOZEX, BUfRKEORERE @A RE
PEA ST LT Fifei 72 “ A R FEOEBLUCE IR T2 Th
59, DX L7t Ml HE TE T, ARk
BN K EFRIEO TV L 20 LB Z B D,
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