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Summary

The aim of the project is to compile information on the five sites listed below for World
Heritage nomination by inviting an overseas expert on World Natural Heritage and
obtaining expert perspectives and counsel on the potential and the requirements these

sites would need to meet for their evaluation as such.

The five sites are ones for which the fiscal 2013 project concluded that justification of
nomination to the World Heritage List was not easy at the time and further scrutiny of
their potential was needed. The fiscal 2013 project was to review World Natural
Heritage candidate sites from among 19 sites previously identified by the Review
Committee on Candidate Natural Sites for nomination to the World Heritage List in
2003, and it was undertaken in line with policies indicated by a review committee
established in fiscal 2012 to consider approaches to identifying World Natural
Heritage candidate sites. The five sites and their characteristics that confer potential

heritage value are outlined below.

(D Akan, Kussharo, Mashu:

* Lake ecosystems that include large spherical marimo Aegagropila linnaei

communities
¢ Manganese dioxide deposits in formation

@ Hidaka Mountain Range:

¢ Continuous cross section of island arc lithosphere, as seen in the Hidaka

metamorphic belt
* Large-scale outcrop of fresh, varied upper-mantle peridotites

@ Iide-Asahi Mountain Ranges and @ Okutone, Okutadami, Okunikko:

¢ The beech forests and heavy snowfall environment, located in one of the few of

heavy snowfall regions worldwide



(® The Minami Alps (The Southern Alps of Japan):

e Accretionary prisms forming mountains resulting from orthogonal collision of

island arcs

Based on counsel from Japanese experts with in-depth knowledge of the natural value
of each site, this project drafted field study plans and prepared explanatory materials
summarizing the natural characteristics of the five sites, their conceivable values,
comparative cases, and challenges. Thereafter, the project initiated field studies with
the support of experts from Japan, and elicited assessments and counsel from the

overseas expert. This report compiled the findings.
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1. E2RUEHRDOEH

HAFIEIZ, avh—_— g« f U F—F v a RN EE LR [EYEEE
MRy FARY M 34HOIBHLD 1oL LTSN TV, ZOREFENENL
EMEZARIEDMEDFAE, £ L CRFFICEBO LV RNEmNZ L2 ERT 5, AR
ANABENESWNZ ENMOENTWEN, 1 FEAEDANRIZED ZL —HITEA TS
ZEFEEMIZEOEV LA TR, REORE R T AMOEZE (human
footprint) | 23 2IZHBD ST, HARICITEE TEEMEO E W BRO ML R S
TWa, I, BARIFEB L 7-HES2NREL & ZEEEZFF > TS, IEo T, &
LR AREEDOFREEIIH VL EEX LD,

H AT AGE FESKIT 1992 RIS U, S AR T 2 23D TIE R 2 Ao
EEN T T3 (have affiliation with) . 14 =0 SULEFEDOMIZ, BAE, 41FEDH
REIEN—DOFITEBOBERD 7 54T ) TICES XM RERE—-ELRICEHINT
W5,

TESEFREEE 62 Be?% (LT, T LBET) Ik D L EE Y A MI [EFHE RS PE
—ERABET DL ENSIDLWVWEE XD, HEOHEBMNIZTEET 2EFED B &)
Thbd, BAROEEY A MIIULD 7 FA4 T U TIESE 11 pErniedEH I Tn b
B, BAROZ A7V TIZEDHDITHAER D, Lo LHEARIT THR] OfEkiz R
RNHFET DMBETREBMEREFEIT->TE WD, TOTevRE, BARDY F
ATV TICH» T2 EFHHORFE D= DI E SN TRFEZEESR X T#ED LR
TW5,

TCDOMERIGEAHL Y 2 b 22 BRREFHI T, MR AESIT PHEEICB W THARET
19 » T O 2 R e Lic (5 B AR EE M I B 2 Ete, 2003) , 203#F
TiX DBRGEEICAET AN m ) #ilkeE LT 3 »i2@ELTWD, Zhb
IXHER, NERGER . SRR Th D, FFET & Z LI, £D0%, HIK (2005) &
INEIFRER (2011) X HEREE -ERICRREIN TN D, FREGEBICOWTIL, 585
OHFDLIRE S NTERERICLD V) TAUHEL B LT, BRI, BGTolE
72 &, \MEBERICBABFOBFIZRE<HERL WD, ITHE O Natori et al.
(2012) IZ L 2 RE L~V OBFE T b Bilkek & O HBl U 7o A2 AR M 0O B ZLME 3 TR =
NTWd, ZhbOHEMRERIZ, BAROMHFRAREEFEMHEED T 7' 7 —F»
+CEYI THH L ERIELTND,

HARBUMII iR E 7 nt 22D 21T, ERRO T Y A FOHnbLUT Ok
DOFREMEE S DITHETT 2 2 L 2kl (R~— P OMBEIHIX & 2 M)

o T ISR

o [WZE;

o HEIWIK;

o ARE . ] HHIE K ONRFIAR - BRI (240D o ATiEEl 2 O 1L T H 5 A3,
AETIE—2DM E LT D, F-BH LIS BIOMHLEE K QS D35
NcThs, )



HARBRGENEE 2 — (QWRC) [3BREEE (MOEJ) L ORKOT, REEIZH L
TEE 4 T OWTHFSEFEORTREM AT T2 7 n Y =7 MERIG LT-, ZOfif
WrORAIREFHE L LT, 2014 4 9 H 16~29 H OBMHEE L OSCEkHA, BRE L0
WIS X HREEREO TR OW TN E R 2+ 5 2 L 2 N E LT,
FH LR, HEWEE 2014 4 9 A 29 HICEREEE TITo 7203, ARG EIC
SV T b N D

O
AT\\\ s
— [
| 3. H LR F\ﬁtik &
N
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Map 1: gl (B I XBHHLZEDIEE 27~ 7)
WELIEE B A s

2. BREEDHRRAL 5D OUV O 3K

TR HSREE I ITE W E 7 (extraordinary) AR DIREAME 2 85 & 425 2 L 231
BENDZLEFBCHMENTNDS, LrLAaRb, /EERE T 78 (21F MHHER %
BEE (OUV) 2HT 25 EHRENDITIE. YEEENTEMER O UIEEE DS
HIZONWTHIl L TWAMENDH H, F-. MEFRICHRELZ IR T 2E U o R EE HL
FIRRTNE R B, | EEFEILNTWD, S IUL, FAREES HEED
B (V747 V7)) O—2LUEICAEBETHET TR, BREOKRELE LTE
EINTELOLOREEHOFEMH L L TERSINTZOLDOICHAT DMEENHAICE
PITWDS, TEEM] I EEEORET SND, o T, Afa T\
DEMHIZ SN T H, 2D OUV D 3 SDOliEZEE T H4ENH D,

21 HRBREBEDY SATIVT

VRS CIXMAREED 100D 7 FA4 TV T D5 L AEOHKRD 7 T4 7V T % X5l
LTRY., ZONFIF AT 77 IR SN TS, IUCN &8— M F—135% < o7 —
~YHEELERLTEBY, X THERCHX U ye— NA[EETHD (B 6 EDOU 7
LM FREHEROLNTEENEF 7 7 ANVTRIET 2L R TH D, #ilx
XEROEZE 7 TATIVTIZONT, UFOFRIERHDL : 7747 V7 (i) 1X
Mitchell et al. (2013), 7 Z - 7 U 77 (viii) IZ Dingwall et al. (2005) X T* Wells (1995),
7 747 V7T (iX) & (x) 1% Bertzky et al. (2013),



22 EEHOFEH
VEZEFREXT 87 205 95 ([T FUEESNICKB T 2 BEOSRERFFES N TV D, %
T THREEL OV XTI SHEEE & 20 OFFEOT R THRESETUE ST D
EAENWEHHIODOHEDILThD, | LERINTWD, /37 88 TIEKRD L HITE
PIVTWND, (52RO EZ TR DT DI, MEEENLL T Ot % & O
LTV asHli T 2 LN H 5,

a) P 72 TSI IE S FIE SN D DICMBERBERENT X TEENTVD D,

b) MELEPEDEEME 2 R TR E AR e < RFT DDl e K& S ElR

ENTNBD,
c) AR K OV T EHEEIC L DA DORELEZZIT TWDH D, |

F o, VEERHH T 92 5 95 THABREBEDEKV T4 7 U TIZOWTEBNIZES
MDOFMENERBENTWVWDLZLEEZHMSTBLZELEETHA D,

23 WY LG REBEE

REHIKZ X ET 2 2 EIXHREZDRMIRET L L b a— 1 Tidewy, it
PEOBENICHEA T D021, BN aXr GEARLRGEALH D) Fi#EHko
HAIZH D E VD T TIEA TS TH D, 1EERED/XT 96 7225 119 TLREFHD
PRFFRR SN TS, —FTE 2L, GO RE EOMEs 2h RMICERT HE
BLEBRNINFIET DI EERIRTNIRR B0,

3. &

1IEFILTR

ZHA

BT NVTAFAIMNCH Y . FIE, I8, RAILMEZAET 5, KAz 520

ONDIRITH T HN D, BRLUWLIRO S IR R o B 155 3,000 m Z#E 2,
BLFICR<MONTHGTITHY, BAT2HRIZEWILERERD 5,

IR IX, 7 L— R ORARIAREIT L D E R OBEETHO T a e ADOEE§X
=BG (expressions) & L THATHD, (FHiINIAR) FEM &7 72 HBGEB) O FH A
HhEORE, AR ICROERECHE TR N EE TWD,

AR L0 T ClE, BELIEM L EHEERMOME DR O BRITEDLONTEY . Z5
& HIR (exposure) ([ZX - CTHELRENROND, BEDRKEOBMNILL A S,
—EITRARHL L 72 o TN D, LA L— T, EHOBIHIPE THIE T & 2EEIC I
Tix, BE o7, FICERPRRMIBOFKITEVEBREZR> TS, AYHiE T
FICIE, T VT RE% < OEMFEOILR L RO R E L THLATWD, MEFT
ZERTREMFADS O, BEAEOBEAEE T 5, R TREMAFE LAY X /U
T =R BN D,

HIREE L L TOMED FJEEME



BT VT ADERSEHTIEELDRBUICE Y BARRE LEOBEEMELZ R LTS, L,
R ESREPED 7 T A 7 U 7 (vii), (iX), () ITOWTIHMBEA RS THE 5T, AT
HIphoTo, W TARTIZZ 747 U 7 (viil) 128 - TR 5,

B EE N OV S 72 SCEF R TIL, TR BRI D B8, KRz AliidE
A & g % IS 2 T8 L 72 & B ASE 2212 K 0 AR U T 5 Rl B & fF
WL LTWD, igfy/ NEaEOHR T, 25 DOBRE RTAR A RRESCHIE A HE L
776

7 Z A7V 7 vii) 1T, FERHORIUCKESELTO 4 EENOHER SN D &
HRE S TS ¢ (i) #IEROBESE ; (i) B oiték ; (i) HIERRICE T 2 #iThoEE
RHEFR T e A (v) EERME, it ERIC I, 7 7 A7 U T (viii)
O [Hdoiesk) UAOT X TOMEN KA CTIEE 7 V7RIS TEEDS, LaL,
Badman et al. (2008) 7 #EAUEPERGRMENT OF THHFH L TWDH X2, 7 I9A4 TV 7T
(viii) DFFFRMEICHEE L2 TN e, £ 2Tk THRIZHER RIS <07 LT
LTl Fo, 46 BEEOHEROELOREA MG L2 . HER oA dm ook
B OB OZAL 2 FH & T DITIFHRNRANRMETHLZ L) b, 207
TA T VT OFMIZ T D AT I X2 R 2O b DIZ 5 L LTWD, flx
XRRDZ T4 7V 7 (ix) RKX) Tk, BEAECHE, ZooEmiEtzRT OO0
EAWVICHHE MR ENH D . TORRA U R A ORBEEZEZ8 T 5L 57
HHENEINLTWD, LALANRL THERORES ] 137277—>Thh ., ZD¥HELL
B EERT o ARMMEORIIRE SN D, ZOmBICHIFUL, RIS T
HEEBEZLNDDIFMO TIRONTZEDOBHTITHL Z LIFHATSH D,

IUCN (n.d.) (ZxHic, MEErEEN] &0 ) SEEFHREESON TRFERICE 5
THEEMICEE RS OB BT 5720100 LT L3R 0ERn & a2xR
LTS EFEELTWD, ZOMIRICHEZIE. 7T 47 U 7 (viil) OfEafifng, tHRK
WCEBEH S L CEHEZRH PN 7 a2 A0 MoK EORKRTHL Z L 2RmT 7210
TIER L, FERC, ERFEUANADALICE > THLHEBETE, HONICHRTE T,
TENRI) 72 b DO TRITIUZR SR,

ATFAREZ G & BRI LS &, T AT AD Y T4 7 U 7 (vii) 12X 5t SE
FEL L TCOFRBMEL FZITRD RV, HERE TE D4 RBHSSHERH 72128
bbb, M7 AT ATRLNDMIMERHFRECFII 72 DO TH D 2 & DR T
5 L9 AR R SN 0T, T VT ZADMIEITHE— D H O TH R
FIZEWEN R DO TH R, £ 2 TROLNDTIFASCHIE DL < ITHR) 7B R UL
SATITEEN N2 L O TH D, EREHEOFERLE L COLEREIX, M7 V7 AD
M2 RERE CTH D 2 L IITEBm ORI 20 BEARMIITHER EOZ < o TR
SN T o AR L B D O TIER, M7 VT ATHD CEERMFENTH
NTEXT, A% BITONTVLS THA I Z LITEONRNN, 7 T4 F U T (viil) 12
ET D420 EONTNIZEBNTYH, TOHMOZDICEERGHI THD LIXE X
IR, WAIABAFIT D 7 a2 R D 2 VTR AR LH THED S DT



HY. ThDz2RT S OBFFLHIZBBEFOIFEENI TR O TV D, Yi%E
NN U 7o TAREI LR I Z Offim 2 XFF L TV D EIRTE 5725 9,

X5, FFEE LTSN TV D 7 20T W TN L 7 V7 AT ICRE
THHOTIEAR, Bl ZIX, AIRIZERE B ARSI > TOoAi T 5 a2 U 7 +45
TROLND, YEENOHEANCIRIE SN ZHER TR, B TE /M E LTHLREEN
gD L, T VT ALUNOBEFTO T NMENRLTHNDE0E LW ERRBR SN T
W5, BAEE LR EY THEMBMOBEARERIITRENRTW R -T2, SHIT,
Tut AR ZRT S OB BRI RERREIIK S TW RN L KREIT
IR KO e R OMREEH OB T 8N4 T 5,

SEEMER MREEEE

PAZH 0> DR E S 72 HEHUIE A URIE S 7228, MUE ZAOME LIS U7 BRE 22 7
X OB EITIRE SN TR, 6o T, SEMHAEEES TE 2 & 2 ADERME,
BlzE WEREENT R TEEN TS| DENCOWVWTHERERZRRS Z &
XTE R, RIS, ZERIA 2 IR EN 202, REFHICO VT HiEER = 2
v hERET S EIETERY, o TUTOa AL MIZOFHIKINTITo72b DT
H5,

%) 35,000 ha OHUEAY 1964 FEIZmE 7 /L7 AENARICEE SN TWS, SilIC ki
E. EAROFEARBEHHIZIT LS ZAD L S B EE, HEEE 2RI R TS
POV TR 70 E OB PRS2 L CHERBFEMMEEDZ L Tho T,
P> TENEARDY, X5 MK E e Ui O E FRIREDO T X TEEATWND LT
2V, BBTFEOET AT A (AAR) VA =713 50 BRI HVE 2005 P & X
BLLCW5, L LZEDOMESTNESGOERIZEERNIZED X D RBEWRE RSO )N
TGN TE RN, S HIZ 201446 HIZ, £ 300,000 ha Otk =% 2 2D
MAB 7' /T ATH T VT AaprAaxa—7 (EYERAHEIK) & L TGREIN
TW5,

TR B RO H 2 HPAN R ENTWVARWO TR 2 A2 MITE R0V, Hgdz
BED, FITR RIS AREERH 5% < ORE EOFREIC O W TEEZ W, =0
HICIER 7 VT A2 BT 2R H 0 | PO L 72> T D U =7 iy
HEND D, RO T CTHLN, B TH - R - Z2THODOH
HOE IR OB, THEHRONEL, BENCHE S RE LW OER - & OHE, &
BRIPE D KR ~DEER EPRREIN TN D,

7 VT AD—HOMIBII RIS R ME LD, BATCERAME L TR
OFEIIE L, PR O AEME 2 RS T 2R b EEb 72, LD %
SIERAHTHY . AMSHFTEHE H 5, 4 H TIEEAM O J7 03 LAl 72 7= 812 7 Hi
TOHARMEERIIITON RS RoTWVDEHRELNTWVD N, EHNRe Lo
355, BAROMDZ S Ol &[RRI, BHEELRESINTNDL I RUEL DR
BSOS SRAE S 7 L 7 AR D BRMRIC KR & e BA2 B 2 T b B2 b T b,



Va7

B 7 VT AN A BN 5 EE AR HE PR 7 1 ' ASORHEIZB 3 2 BHERIC IR D
THIREWRIOCHIZ 2R E LTS, M7 V7T AR HAROMOHE TR <{fThh
T&7z, TLTHELETHOMERZENL DO T a0 AOBRITIENICHEMRL TE
ZEIEMN LR VWEETHAIN, T AT ABHLNIFOFOREOHIKE F b0
e & OEBEBERITIHME CIERV, RS e R I0nITnbmE 7 L7 AR
FT 255D TIERL, M7 VT APHREKEND TN TND Z & EEAT S
AEHLITOR S o 1o, BIHIEZR O RN R AL S v 72 T O FLERRAT 1 2 D 50 2 SCFF
THHLDEMINTED,

Tﬁ%ﬁm’*f‘% 5 ZHOMBE LRI ERNAOFMFEZEZ ST THWDLH, Zb0
RIXREPIZELISMTIT AR L9 < b 220, FIZIITH 7wy,

7 VT ADREEHE IS ET 57201232 OBRERD D, e EORL
N D M D P C b E A A sk O SR A BRI X ENL AR S B A B A L 7 o T D,
E?iéntnzzﬂizﬂ~&i AW BB R AT HIS OB SR I NTET DA T 7
ICHASE | M7 AT ADRE /s kA BB LV TEET S AR L Tn
5oit RKOHAN—=T Xy NT—=TIBTDHHET NI AVA /=T DIEFE S BT
T HRMNRH A5, VA=V HEOER BN L, 23 2 a DRI 48
—7 BT VI IF LN, EHL LI LITERTAMENRSA D,
3.2 fE
EHA
By € [E] LA XA E BEBIALE U, kR 72 BRI O IR 2 ﬁﬁ%ﬁ?é@a@%ﬁ
R4S H HMT 1934 TN S, ALK 90,000 ha T, IRiHr & RO
DR Z ST T SHERAAROIR AR DB A, 15K L, Lﬁ%f%%&ﬁ&ﬁ%m%ﬁ
ML LTS, ZOEMNARIL, &SICBMORME RS X ILFHO B REICD
HEINTWD, b LIERBEEOHEZ1T > O ThiVX, EVARE S O ICHEXIE A
GOTbDOERDBEEZLND, ZOD, RWETIHMEENAR TR [F
£ LESZE LT D, METHRIEETREARBG LT, =UE] EMFFEEN
HRKEIHDOT D IEBIER RS T I RN T ) Tk > TH & Z &N HETH DN
AFIRTVEB=2a B2, R, KL, W ONDEAEBWFEILT A XD
ANZIZE S TEBER UL EREWVWER S TS I ENMLILTWVD

HHSREEE L L T DMfE D AT GEME
TS B SRE PEEA L O WD) L B o — TP R E N AR &2 TR o5& o 3 2R
W) Oo—>L L TkV (CNPPA 1982) | WUl EHEOFEmO X ST &7
SO h Lty FEITFRIMFEE (7747 U 7(@[x). (X)) (ZHAT <,
LRy~ T sy AF Uy (WA) REOFDRT ) ABERE, £<D
WL 2 A LT D, L LIEIL, 23K EZHLIC L TWAINGE - i
WARRREZRNTWD Z 8, MK & ITHERARMICE D, EEEMMENAER L,
[ B U DA YE ) & LD EHEMFE N 2 WV RUITE HICE T 228, BEAMED EAWITIK
W, 74TV T XOMEDERIZRL, FEHBETLR-7,
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BIHARZZ O RNt SN E RN TIX Y 74 7 U 7 (vii), (viii), (ix) @ A[REME I fili
BTV, ZNHEXICONTHEIZTRRS Z L LT 5,

7 Z4 7 Y T (vii)

Mitchell et al. (2013) TR TWAH LI, 207 T4 7 U 7L [HE EHFEO BR
BHE & THOENRZARE] LW " HO0RRIMENEESNTWDS, MIEDOF
(P CHD TEHERRBITOM L, FERBSEDLHLOTHY, THRIETA XD
ISR T HEEME, Z LT E LTOREN LD BIEFHINLTWS, L,
2—F T TRIKDE L OEBLLE I L2 BEICIE, 7O HREMESCHRE, BT
FRIZBEIE T2 b O TiE R, 222 B0 ARBIG LT 5 EER TR, v VEDE
BIEL TN, I 2T V=2 a b7 47 U 7 (i) OZOWE&ICIZEZY L
WEEFITE S,

2 Z 7 J 7 (vii)

BIHIA R Tl IS KL OHEREE ORI E T 24 % b —DiE<IZH Y | Jiiv
TG OO T A E TR L TWA A R M50 E vz, EOEH T~
7o DRBEILGLIR DT L S 4v, 20 HAd X IFEIE ST, FZEoRER. 1Rk
DU EKIZTT IR TUVTHRERTHZ LR LT, ZOHEHRORER, Al S
NTCBRSR IS~ T DA v, Bt s ibged %, W JE B o U 4 Bl 4 [
1 hricbESeEHREINTWND

GBEICBIT2) RFEMEEMHEICINZ T, 20Xk 9 IC R ChE L THEEgER T 5
ZHED /7//\77) TICE DEITHOIFEER T 0 AL, BEALNNAFIXT Y
Y= ar7ukv A0 iig (expression) Th o, BIHTHE - - EEEIX
DA TORTEMRATRREROBIRGETIIRVNEE X, £D I &% 1990 FRHYIEH
5 HE REEREFZEE T (International Geoscience Programme (IGCP) ) O #%td
Za—ALZ—TXFINTN5D

ZOEHIBRTaRABRKIE LWL O TIEARL, MECTRKEBICEE T\ D EHE X
NTW5, LALARNS, #ITHhoL FIxT VP —a NIEET 7 A, Blg
TE A5, ETH OIKREBGRERCIUR RO ERE, 7 2 Ry T7 V) T7R%
DDA ORE A2 L0 B EET 5 LT, RIS TEaVWiE 2o, v 7
/Nﬁ?JT’i5@%®%Aﬁ(&U%M K DERFEHH) ASHER E oA dy DR
B ES 2 -EHES N TS Z X, ERIET S THA D,

L WEEEEE TR SN TS (Bl 213 Hariya et al. 1964, Mita et al. 1994) X 9
2, BEECHRGICT 7 BATE LA R b= ORIZEW TR e~ T PRI
FNEITHR TH D Z &k, BRICE o TEERMEALFFOZ LIFRV RV, 4 x
M= DEIXZDHATDONAAAI XTIV E—va VE2EET D ETHE—-OEATE W
DD TIERVWD, M TR CTHEHERGHI CTH L5, R LR FEENZOREREN
ZRIE L, R OBEFIHIC L 28EEZH N2 LIIHEICET S, LirL, BICA
DR BOEDE IO DM TR MEFR 7 o A28 & LT, Z o



REHEFNTE D & ZAD THEK E TR OBEERAROME] O—DI2 b &ITEH
[T R e, Bk X 51, #EFAEOHEE IZBEd 5 FF-i#& ~0 IUCN DOf5f
(IUCN n.d.) Tix, HREMZREEMT (R HREESRNR, B e - CF
BB OB A RBT AT OIE L FETIEAR NI L EKR LTV
EENPNTVD, REHNORGRT HHEHECARX (TEEES) &5 WITEIRN 2258
(Dingwall et al. 2005) #&[ET 5L, ZOEERBERITY T4 7 U T (vii) D450
BEOWTIIZHEE LW EFEHTITITE 265,

2 F4 7 U 7 (iX)

BT2EW L Aegagropila linnaei DB LWERIRODABR T4 Th 5, HiET 2 TR
— L] FHAGETIE T=UE] & LTHMLIL, 9555 CIEIEIZ Cladophora Ball & 7>
Lake Ball & FMEiEZi %, A. linnaei iZ Cladophoraceae Bl Dfk#e T, AL FERD P KIHIZIR
T %, ERLARWNICIIAFEOBEMO T X TOAFENEFT L TWDHA, FERFS
B, = L TR LA FE LN D DIEMERHOWAN TREW~ Y TDEMT
Ho, BRIROLDIFMTHER I N TWD 2, KEERIREEE T AT — o Lo
LNTHELT, FIFEMICIZZDO—DONEBT L TWD, FIEHOERIZN~ Y I
REREHERINTND, FIEHEI—T7 P (TARATUR) TBITLRED
NG, ~ U EDRICITEDER L IEEMER OO THEMERBURNLETH S
TEMNFRRENTWD, THITHR, JEE, Y, Be. KTHIE, Kk EDE
[KICH % (Einarsson 2012 and Wakana 2014, pers. comm.) .

~ U EDOEB LTZIIR (expression) [ZMFEMOF L2 RV ER>TWD, T4
XDON&IF~ Y ELEA RFEAOZBOICFA LIZORR BT, @O e EE M
ERZETWT, ZREBIEDHN TV D ERE SN TND Z EIFER SN D, Rl
RARGLEMIRESINTHDN, TA AT ROI—T 57 b AHTIE~ U EOHEL7
BAOPHREINTEY, v BIEIEERMOBIBIERTH L Z L2 dH B2 TEN
L S5, FRCHERRRIOZELE WERBEDERELRER EEZ TN D,

FEHIEICLUTO ZSOBHN G, MEHO~ U IR AREBEELRDICEL 2N
EEZD, T, OB LWEREIMHIK THLEEBRINTE Y, fx ORERRKEI N
EWVIO B O A TR ZEMZROHT Z L F@ENTIERVWE IR nH 2 & ThHhDH, T
ARATZY ROEEY A NMIBITD [I—Uy N T 727 v OftikTIix, #H5uE
FEIMET A ZEDFERTI—T7 b~ ) TEOLERKEL TWDLOTIERL, H
ANDOREERED (=) E L ITEEAGZRD) BROMMEEZET L TWDZ &IFXERT
REThDH, ZHEIEF, B-RICESSHRAREEICOWTIES < OB FERTR
FENDHINOER L TWRNWI ETHD, ZORIZOWTHRTE LI-AREESHT 208,
WED IUCN FHii Mk NVEFEZ ESRBIZIZDEZ Fa T 2EHmcH 5, BEHEDH
2T, 1 FICESEZYTHZLIEIT 7L IEPF— A b—UFOEEITITHE N
DL H LR, TOLIRGAICIE, 1 BICEREYTHZ ik, €& L &
DL ODREOERSCHELAEGTHZ LI D, BEOENERERREERD [HEEX )
X THRE] OFGHREELZRY, TOAEROEE EOETEZBNIES 2 LI
2%, 2w UEIFIV ONDOEYIZE S TEHERMER TH-7-0 ., HHRFEDOT A
ZREL TWEDIZT 20600, 2O XD RERTEEZRAERR LoEH 4 L2 LT

8



WA Z EERT LI RERITIRY, U EIXFOMRE LIZABKIEO KERE L (X772
VIG5 0, ENAREOFESMEO SR RIEE & L COMEIR D v, Eo T, AFE
(D—2>DHEFER) IZHESWTIHFEEZ TET A DIIARBE THD LEEITEZ D,

BHIHZ OBRIIL, AXFICE N THEH AN LRFEICB TS, ENARNDOZ <
DI AL I B & o TAA I THE TSV IBERS BRI -OHERS 2 78T D 2 R &
Tzo TEKIZHE T DALFERIREACIRE DOFEMT K - T, B 2208 SO /K OV
B D AR R R R E D A BN A U TR Y, A AR ERE L2
STWD, ZTOXI R RMITEMTHY | FEE, RKEBRIIFMETEDOHILDHEL
OHRELEOMEIZB W TEERAARERTH D, I HITHTEREDIE, A E
R OENRE DB INHETR M DOPRAKIIERER & D LB 2 B I AT BB LIS SE D)
HLALZewy, LU, FRM7Ze R RHT IR B O#IPHSN T 5 2, ERE 0% (K&
VZOREIEOBITH) D% < OOHIEIZHB VT, WIEOEBERE DT X CTOFPHN,
FOREBRBETCAONDZDOTIER VN EZEFIITEZS, BIAXT TR T
DO—ETRLND B OB R ETH D,

SR MR EHE
HEFE A O BARM 72 GO I R S e o T2, SEHIZBET 2L FOE R
BLCIXZoSICHETOIVNENRD D,

8 E DR M CREMR DB Z < FRO B AL D08, Bl ZITEIAR - FARS 2 0 OO
ANEMRA BIRGHE TR ORI . KIMOF Y Y 07 7 n i EERIHAFT 54D
WAERT L ZLTREND LI, FHROBREITS S RERDUIR W, RANZRE
BB BUIERD DL ooy, e EOBEIEZ < Aoz, il x i3k Bk OvEK
WORMPAKRBELEHBEEOTY AR ETH DL, RYIZIE, FMIRAD B RERK
DIZDITNT Y v A OERFEE 2 T 2 U OBIR L 2 R4 Z L INE#ETH 5, [E5L
NENOBEA > 7 T ROBOLAADBHEZ N WIERLL D00 LW, €
N BIERFH T, ESLAEO KRN IFIME IR TH 5, £ 7R E AR O E B
FITREZ 038 L. RRICIRD A TWD, BIRIICR T, EHIHHE CHk T
& LTI, FEESARORERIUTE S, BUICEHSA TN D,

Va7

T E, FIEENARITEE CRS FHINREMIKTHY . MOTELVE
BloH Iz 25 OBRERBRBAMENFEL T D, AROBRERIUTIR NI S 1
Rz, BTSN TWD, BERIITbRZIER ORI L - T TR
DOFFRICAD | ERFEINTZZ SITER T 50, BUEDOEETES o L@EfE & O
WHFEEHZ DN T L D BRI RRGET T U, FFITIEZO L 5 Rt o b
W, Rt S ERo R, EEBRHHCER SN AR AREED Y 747 ) 7T
BT 2 LI RARDMEDIFEEL RET D DX R -T2,

3.3 BE LAk
ZHA



EHEE PR ERICALE T D BERIE 7 L — FOEZEORE R L L TER SN H DT,
A E RO () ERETEX S, LWIROE S I3HER 2,000 m 58 TH 5, [LRD
RIS R & FERER OME N DR 5 HER TEDLIL TV 5, EHEEE O & L
MR DB OBATHE 2 £, BARICIT LR o ZESLARICHE T /8RR oD,
BHOEMEEDORRIZE D & BMEORM . FRIZ 7 VIRBT 7 B A AR (K
DEY) AR TELICkEE SN TE 7=,

HHTRE DY ARELERIC (ELEBELTCEY) eV~ Y~77ny, #L
TOAAT IR ENERT D, 2. THRAEDOE L OFEARECAHDVFEOENEY 72 L,
H & LRI IS & EE R AR, AW FERRER H 5, 26 OFRERMEO —HIX
FROBAOEBEIZL D HEORIEITER L TV 5D,

HE URIZ 7 b — MEZRIZ M O IR OB 78 7 v AR O] & 72 > T D,
A & LR D B R PE DWW DM O W TIZ RS IR SN TEB Y . BE Bk
O H & IR CHls . KEREICEE L CW A TR XA 7O AE (H
BRAICIRTGE DA D AEIRE LTHBND) 1T, BRI TR EBRMIC, EERRF
2 IREH] (references) & LTk T2,

PSR EE L L T DMfE D AT GEME

AELRICITEEZ ARRE EOMERH 5, Fl 213 3 & ILIRO ST < AALE T 5
THRA T, BV EEARENERTT O FEOEA L LE I REHFETDH
e LOLIERBKEEDZ 747 VU 7 i), (iX). X) IZOWTIETESATELT,
Fo. ATH ol HEWLUROMHFEE D FREMEIZ DWW T AR TIZZ 947V
7 (Vi) [T o THRETT S 2 & &5,

H @2 Rk i3 B @ ILARD EE 2 T 5, ZRHEIEE N D EICIAR Y . BilY Vv
AT 2T D= bV EEN S HGRET F TEEW - EREY E L TRE WD, &
O MG W ORIFIRIEITE L BANTZEETH D, BAIOREFILA & ILIROEE % 72
LT CRDIIBIET H 2 LN TE 5, BIMIEZ ORI S 28RN KhuX, ik
KR LLD L D7, T— MNEROERA ORI Z R~ T HIT F 2 Z AL
AL REZLDHEDIZETHoT, o THEERBIIRE R EEN 2o
Wle T —sty FEREUEL TS, HBGETOREHI D & L0, #HROE 213
RICFEH LIz~ PV ESORETH-TH, M TRET 7R T 52 RN TEX R0
BTHH, ZZTIEEDOR PR ZITO Z DN TE D,

R T D2 HIE TR OIERDO S DIEINALABEDEH IR Z A 7T DEA TR SN,
INOLOEANHBIZERTA2ZEITENLTHY . BAINDFIIMO TREET
OB DD, L OFFIIPML T B . TobbER L TIECEIZED D
(EsCait) o @R TR O A BEE THfiE] ThHoBEA K& <. Z oM
MAADLEN, BFIIRFELENEREZ LD Z LN TEX 2V ERO~ > b L B O
Mg ZHM R D 2 &2 REIC LTV D,
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ZOFD THNVENBRHE FHREOR FHERICIIGEEERH V| s Tn5
2N, BlETX 5% (observable expressions) (XA EED AREMEZ 8L TET S b
DTIFRWEEEITE S, ZORIIIET V72 (31288 THRAZLDLFEETH
5o BIVERE LD Z LM TEDHATE W) BRTIEH, TO—HITHL CRZMICE
ERbDOTHL0, HELURIZHFREESRNTE S & 2AHD [HiK ETROBEERA
SROMIE | O—>o LT bRy, M7 /7 ALREEEIC, BELARIZHAS 202 IUCN
(nd) TEZELZAD TRHEERICE > THEBMICEE | Z2HIKICASD, L, H
B L7 RS Ok & 7@ 2 R TV ABIET 2BHA OHDTREICAOND 5
fit7e ) DALAEITNTNS, BPEROEMFELIMNIE - T, HHICEHETE 54
HI72 HARBLG Tl 72w,

k., ftttanrzgrhciii st~y a—U—8 (A=A 7 U 7) LOHERIZHE
LT, KEMEARARGHEZR Y T 47 U 7 OWii) TEET S Z &1L, IUCN O
ECIIE SN TN 2 E AR L TR X0,

SEEMEREEHE

TAHRAEEEZD, ERROMEFN T vt R L REEZ TR T W OO 2L LTz,
TRAFIAARTAN=7 L LTHEDOONTEY . REDOHRENSITHELRO P T
filt & B S LD HAL L 22> T D, L LA O AR DO P RCRR 0 BARRY e $2 %
Fenole, oGt E R, LToa Xy MIBRELEGHTICET 260 TH S,

A s LROK) 100,000 ha 13 A & ILIREEERE E 28R & LT 1981 4E7 b AT Iri S 4L
TW5, ZOELVLVOREMIKX S OB IENAREFRZEESNLTNWD, £
DOEFERBENT, BFHEENEREBEAOENARMB IR HBEFRICHDLZETH D,
EEARE—HELL T, HEILIRO K EIIHRRAERERREMIRI I E SN TE Y,
RIFHIX (27 —r) EEREFHHX (Ny 77—y =) RS EhTW5, Bl
EYBE I, EMICEE R M SN T v AR E A D B RET D0 EERBIC
EDGETNE NI IOV TIIH L2 > TWRWE D Th D, > T Iz
LT, MAEESFHNTEDLNL TV REEREHIC OV THELWAMEZ RS Z &%
WEETH D,

PR BEMEOMIZ, A S AZEIIEEANE S & <. B&EIRO —#ETIErA 5
Aods DEFIEDAHIBGERF O BEERER L oo TV D, AREL WD A TIEL, KIFEER
Bisia AR L LT, KAADIINZZ < DF LRLZ DO TAEMAFE L TV,

Va7

7 VT ADRER (3.1) LIAEE, FHITIZA SR Y L— N OmE TR S Lzl
HOHERANIHNEN R DNRETH D EITE X2V, FlE2 A bAESLZT DD S
gD, =2 VRN Y VAT 2 7R E COWm 28R 51T, B
AN IER/m D THIN R b D TH D, LLARRS, ik L-8lEm s THERD
JELOCHE ) 7 a2 A OBARICE L T EMICEB 25 < $ o) (Badman et al
2008 1) L\ ) vk, FICHMZEHMRE L THIRNZR LD TH S,
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BEAF DO AR A= 01%, B @R K OWRG2A © AE IR O VS SR BB D0
T, TNICSIDLWERZED DL Z LTI L TWD, EFEOBA V7 T ~D
BERESE 2T, VA= 7 [ TR T 'R 2 & IS AR O Rk 22 U 1T D0
TEDICENFFEREED D ETRIZNEDTHA A, Floy X AaDR A /—7
ZHBE LTS OICEBAFGEEEZRITT D 2R L7z,

34fRE - HAEIERURF|E - BR R L

HA

R - R H N R OVRFAR - BRI CHRRZER A AR ET) nThb, 2FE LV
UL ORI IR THREE S L7z 19 O TEERE RISl IcEEh b, A
SRIBPEGAE BT 2 Mt (2003) (XK O W FTREME S m O & i3 L T
WZRUW S AR - B AT TREGR S L= /i) 4 T —o2 L LTS, £0D
XEZBT2EWVEBRTIIMEOLEMHE THL L L, ZOMELELTDOEIDE
RFIRFEN R N D Z & A AR E LTV D, SHICEDE L OIETIE

(i) BEfF O S A AREFER SR C b 2 At LI 2 G D 7= S B 7R DT, (i) AL TW\D
BHERERONE « SN LELELTND, ZHDORE L TWIFERICIZE DK

LNTEbDEH Y, KRENI LRLBHT O L LTRSS Z L2 HET D,

IO o FTO A O AT, ALHEERTE D B AINALER O B AWHUNZ A D D m iR
HWKIEIRE/M KO 8 Th 5, EMEZE L TBENEL ., XAFOREEITIMD TE,
UTRED AR ILHICEBI L T, TOHKIZTFBOBAREEARE 2 EOHI> LD 1 ETHS
7'} Fagus crenata 2MEH LT\ 5, E7oGm LA LRI D il 2 GO, RS
DOHIL Y H 2,

2—F 7 ROk OIRFRILFEE IS Z ORI BN T, e TEIE R RN
BB LRI T TE 7o, HRERMIEET (WRI) 12 X 2 574 B #6 4k
(frontier forests) A =<7 7 4 7@ 1997 H£D#HE TIL., HHRORKBATHAM D= - 7=
3% L 2NEHACIZIE(E L2V (Bryant et al. 1997) &fEmmSi b TR0, ZDEIAIX
AHTITIVEWAEENEZEZ BN D, - T, MWHRELZHERL TE-> TV 5IE
HARD 9 B KRB & OIT MRS, HFRIRBDORRLBE WA D AERERTH 5,

IR OEZEAARITZ OFESCFEDOEMIC & - T, BFHEORE EOWEENLEETH
Lo FITIFAROBEGERICBIT HEERFN TR EOEE L, WO RBEER
5. DL IREAEIZHBVTITZE < ORERCHE BV AR & 1T EIRIZ 72 5720 28
wanie [Fond o) \EKTIEIC, HROFERFKI A TO—2IZBWVTESF
ke L C & THUE B EITH DA R ?%&Ui%%%7ﬂ?2®%%@mkbfﬁ%ﬁ
e LtoMiEZET5, 29 Lzt RiE, MO TRBIZIED > TOIZIEFEKRDIF

EAEDGFTTHBE I IIRELSEESINTND

HIRBEEL | TOMIED TG

U AL & TR U7 RIS RIE T S (FRRBM) 2 Ehb, Aoy
SR BT A R A BT S 2 LI Th A 5. Eh LB e Y
OB (S00UV) T RT U702 R ADEAN R T FH) Th s &il~<Tu
B, &5 S0OUV T MIEREIC b RZASERED) W — OB SHIA, BILER
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HOLL OERFEZBFHL TV D, TO XKD RE L, BEFEERE & Ve - f g
BFR « BRI, FRENICEMITIS 200, EARICEL S L ITE XN
ZEHEIRLTWVWD,

FEMRR I ARHE OFIPH 2 B 2 503, FER S o st 2 A M BRI S RET L C A
77e DEDIESHWVWLEN TS Y K2NLT ¢ OHIERX Sy (1975) Tid, —ODHERH
el gL TIRAES ) ORI T THREERBERIAR) HIXIZJ®d %, Nakashizuka et al.
(1995) (2L 2 KV EEMARRE TId, 3 #iliIW b, W7 U7 DOF A — B
BB DHMMROETE 3 ¥4 T O—2>Th HMIBMIEELEBMKE L TR TE D,
Hukusima et al. (2013) 1T £ 5 & HIZFEMIRET Tld, 2/ b 3HUBII A AR TRy SN D
5 MO FHEOT TR —OBEICETIZ LN RENTVWS, EELITZDOHAAK
WO EL T o~V — T FREE LA TN D,

2 DFTOEEHMTIIMOBEL L Ao b2, ALt EH7z 3 BT TIEIWVTi
LT TRELBETH D, T OFMKOB L OFEICB T 2 BT R E LTEL 20,
INBUBL A R Y TIT AR ZH T DR ENTILRILE B2 bhTnd, 7
FO/HIIZEME S AHRE L TV D, EMFICLUE, TOBEBITHEE 0L I N EY
CRD2BELXHT. MTOEFRICEEST IO TIE R NEDZ L Tho Tz
(Nakashizuka, pers. comm.) . AM AL B AUEH O (LH & 7 T FRO LW T% &
DEENR D,

IUCN DO E R EN S ZHE > T AR LA FUBE PEIC B ER S LTV D L) S, i
DOEENO LERLE DD, 2O LD 7 TEEOHIBEEELEMKRN Y 74707
(iX) CHAGBEPEICSR SR SN D FTREMNHEEICH D Z L 2R L TV D, HEFO IUCN FE
& (IUCN 1993) Otk a# &4 25 Z SITHH T, &2 TIEAMLE 7o Tk
DIFAEM] T TARZRFBIZ2IREED 7 F O fFEME ] kSN TnD, 231
DHATHRFTAETARO T — LUK E R UZed & R E L B L & ) 72 FR bk
ZATO B TREDOEFY) ERBEL N5,

HREEZ BN B2 RO TR0 Z O EICE 21X, 7T M8 5T 2O BRARITT
NTHMLHICR S b D LR H 5, §Eo THERMEIL, B LA ERRIC AR TR
LEAE R T T ORMANRTH D0, H2DWITMIZ B ILHET 2 X 5 4, BAEMIZITAmE
Mi7ET 5 & O IO Ml & EEMEZ FFOMBNFET 2000 LWV IRTH D,
SEZNE O LRI AmILIMABREINDENE R SO XEMETH -T2
b LR, L L7Rs G, 20 AFELLERTO F AR L RS LS I3 2R R AN 72 70 o
ZEnH ZLIFBEALNDSZLTHY, ENLEND, TOK, HLWERIG LN
TV, £, BARDHRKBORN T D% S OITHRAROMIE & #EREZ L 0 A < B L
METD GRS LI EbiER SN D, E-> T, BRESEI S Sh TN
TFTHRORR M T D Z LTRSS ZETH D, RIZS bR DT K- THEFUERE
& L TOMMERHER SN2 -7 LTH, TRHOHFRMKTD R EBEL L, H
WLV TOEREEZR - TR . HREARL LCRHEIEZ Ok BLo i 2 5k
THZLITHRD b L,
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FLHdl, THEBEIAE L, RIUHEKY A 7 EREICRT DO Z b, ALl
IXBIDOINL U 7= HERS 1T HELE L7\, S ORDEMPBMLETIEH L0, BLtioT Y
TNAEREDZ L2 BRT 5 2 L 2@ ED v, BfLtio > ) 7 uiiiEE L CE
MO TSR 288k D EEOMIEOFER X, AL TR D DAL AMEDFEN & FEkD b

DI B EEBEZBND, (E>TZT7AT YV T(X) I L5 B ek Wit <&
%o ZROI=DIZ7 T4 T VT (iX) DEZRZLLFIZRT,

Bz b - POk - IR - RO AR RSCEMEM R E DML, ERICI N T, HERELT
P OARRFANEIE T EY TR E KT 2HEERRATH 5,

L 2013 ERRIESEFR £

EEIEE REEH
KEDT= DI L TE X, BAROIRA RO LI I OIR A & FHE R 13 2
b\zﬁ‘ Z ORRMELH 5, H RIERREOR% . A FIREFR D 72 0 RIRAR D KB
R RNHEE S N, HENTZDITAFT, BT~ VETHoT, ZThHITWVTRHE
F"ﬂE’J CERTBARD KM THDA, HROEFTHINT G IR ED 5
Too TORR, HBANTEIZIZE A EDHARDFRIFRAIIZZE M LT, LarLaen
b—EROMHMIL, BRI EHIZ OO FRICIRHEROKIETR 2 LN B Ra
KD E £k -T2,

O MU O F5 NI LE LA RS AR A BRI U e CEEFEEH Y, EHHICHHE
%f£7~zyﬁ7ﬁﬁ§>é 2014 46 H. EQ%IH‘E% BARL#O—FHIIRR2zrAaxa
N—=7 (EBEIRAAHE) & L Tax2alZBE SN, BRFORED T T —O8
R, V—=r 73T BMILo U TSRO AR 2 RB T 5 DO TiEH S
2N, BIRERTIE, £ X0 RBREO BB RO EIXHfE CIE2v, 6o T, 58
EHEROREERICOWTHELREREAS ) ZLIIR#ETHL, L LBIEINEF
HELLTFIZE LD TEL,

o ARE - ] HEIE N OBURIR - BIULIIHIZ W) T, B E OSBRSS B AR O fisi
DPNTIKS REN D, I T REHELTY LTW 2R HEE
B @ 23 i < TRRL WM E — 88 %,

o MMM ERET DG N H 0 . I AMLH (B9 17,000 ha) 12
VCEd 2t LAV,

o [REEDMLESIT. HMEOK, £ L TR & OBiE 072 IR 1L 1
TOEERITITREFIERBEMEN N2 L 2B B2 &0 mVRekIicEs T 2 ko
JefRIT A B,

o KFEH (BZH—) ICbBREM (PRBOTEHH EIRE) 12 b 72 E
B TEBORIR L SHER Fr o TV B, MBkOBME S TEH LI REHER O
V= U SIS TW S, RGEFEA BT D O ThIIE o R &
NBVETH S 9,
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o EMEMIE DRI REIIREDT-DOERZBETH D, X, BAZ
N/ DI DS B/ NI B 2 52 T o L miE STV D,
RISHISRIE ORI KAEERBR THIME SN TV D,

o HAARDZL DO L RFRIC, o0 DA BT SRR B OTRZ 72388
LLTREEATWD,

o BULKROV I U x— g TEEN, HENICHEKRICEEZ 52 T05, 41
A L2 AT O THL A0 L LTEAF— Y —F F1
Ta—A, ZIUED T 7 RERLEEERDH D,

o JJINZIBNTH L KOEDMO N THF TAEMITIA S FET D,

o ANHELBABYORBIIEBICR O, BIZIEYF /U7~ =R P
VR E D 8 %

o ML ~ULTOHRMOKEMA), LR, RFREEM A2 RIRT 5 H D13%<
Ronl, —FFITIEIH 50, HEORIZFAKEY (NTFP) ZHET 54
BoERICHE -T2,

HUIBICB W T HARMPEER SN TV D FFEIL, B EO T EE R~ O KOHEE) A
R L7e Z SIS BN TV D, T AU & Bl [FARIZ 5T O SOk 538 Bk & H
Ik S Al & BIRZENZ SICEBIL T 5, HEREEEZRF TS0 ThNIL,
Z 0k ) A DB M ERE (stewardship) . F L TaEk. B0, FIEL2EEEL
EETDHRETHD, MBS OO Lo L2 TIED D L) RREfEC
Lo THLEHNT DL e ERHIE, THUIEBINRFE RS D,

Va7

D 5 6 3 BT W IR EEO FTREME IR S e o728 (3.1~3.3 &
M) L AREE - R H I K OVRFIAR - BRI HIC SO D CII R EFE O AT REME R S BT
BRTDHZ DTV, BRMR T ra—7 v I3 ERE - BB & AR - R
FULHIZOWTOAHELRET B2, Z Ofbam & KSR ITREREDO 7 + 1
—7 v T OFERE KT D, 1o T, S - 5 HEIE L BURIAR - B L2 B
TOHREMEESIIREO 1HE L TRRLZOPVEYTHD E/-H,

4. #ERERE

FEMEC IR O B SRS O FEMMARNT 2 SCHAR A & AR OB TRET 2 2 L 1T
TERY, LiTnz, B S -SSR & IREPH O AR BRFE L RE L E
RN TEZZ S, +oICERES - ETERAZRILT 2 MR 21572 L B8 130
5%, 41 BiCiIE7 VT A, B, HEWLUIRIZOWTE &, 4.2 HiCHUE - #1H
L OVEFIAR - B R ILH O EEFEGR L T 41 —7 v T OREIZ OV TR,

A1E7ILTR, WME, BEWLR

HHHZE L7 3 IANIWTR G, BE-TELL, 1EEAEFONTORETHISRE
REBlE R THIRCh o7, TS ORI e <. AMSERER S, RBOEL
X, BREEOMEE, M2 E S REE OB OR R EEME ORI EE R
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ROMEAE > TWD, 7L A, T2, HE UIRICIERH20C ERR A 2 BN &
0. +OICREHLCEL H D L FEEITE DN D, IR OBKIERE~ Y E DA
LI EH ﬁi&ﬁ#m%ﬁ%ﬁbﬁ%f%é IR OS-N, ZhD 3
%inh%ﬁmnﬁﬁﬁﬁf%D\ﬁ%k%%@%éﬁﬁ@ﬁ%&&é:kﬁ%é
WZR, BEFREPED ATREME SR 5TV D &9 Z R, B L UL OREOME
[RONTNWD EBfREIND Z ERBIIE, Ttz Thd,

EEOEANBRMEE L CIRETHER L9112, 25 3 IEHCIEHEELE LT
DO RFEVEILFRD LR D o T,

WEMEMMPCTEEZRT LWVERASEOLNTEY . By iR EEE NV 72 <
RBOLNDLDOTIEIHDHN, b 3 »ATICOWTHFEEHE~DO 7 + 0 —7 v 7
HRIhAW, ZOHEBEZUTICELED S,

. H’@?E’J? TATIUT] DI TAT VT (vii) 1 TRHTERIREVERR 2 D 5, HIER L
A L L OCHIER OB HIIE O GETTHR D) 7't ARLRBEICE L T
*E@“CKE)%’E’J&%F%ODJ%ﬁﬁﬁE’J AN TND ERRTZLNTE D,

o HUERBIFHUT & o TEBRAICEZE R LTI FUEPE BT 2508 L Y i
DN, HEo T, B REBEMEEMEERIT Y 747 U 7 (vii)) Tit5E
FEIZR GRS D T2 DI I BRI IE 7 B 72\,

o RBESRMNICKE TS HEMEEM] Lix, B TE 2 RMECMMm2Y, B
FTHROALIZE S THISRIT, LT <, A2 b O (demonstrable)
TRITUTRERWERIRTE 5, EFOER TR, #ESNHETIIZ O
MR R S TNDB EEZ BN,

o UJIATUT(IX)., X)DELDL (FITMSF) #ZETH2NELLT, H—
FEAZMRLE U CHABREEICEER S ND 2 &1T. Tz 5 28RN
BRNHOD, FiThDH, RS ZITANLN TS ZORIZK LT, <V ED
HWNEBRIIBIMNIT R D FR2NE NS OREFEDO R TH 5,

ARA T T 7T AOWR A N—= T T RBEOE I RE L R VG725 D,
EFE 3 FNCOWT, D& D MG OTIZ O DI, &, MR L 43I
HETDHZ L2/ D,

42 fRE - HAEIER UAFE - BR R L

R - g B L AR - BRI ERE OBV ERKE AT S L 7
Wi Cdh D, T HOHEETIE T FAME S L, F LS 1003 45127 T4 F U T (ix) 12
Lo THESNT-RFICHIEEICET 2 & L TR LNZTF o~ — T T HEOK
I/ LTV D,

LR, BRTIET THROSHICHEHT oA REERLTWD, AR LIHOHE
BERFIITRRR SN T e o 728y, At & FARICMESR H 0 . o T OIREEIC
BB T TN EBITHIET D ATREMEN/RIR I LT 5, 50,000 ha UL ED 7k 7
HFHFE S, £D 9B 6 BFTILEMLMZ S O TAINALE O B AWERNICALE L, 7%
% 1 DAHTAHEERE LB T D, 2RO O/RKE (FHRAH D) EEEEERD L.
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AR - B H NG & BRIAR - BRI A R RO K S IC R A D, L LBEDE
EMITICIIBA L H Y, SOICHEBIET 22BN LETHSD, £9, RHE - 0
e e OVBRLFIAR « BB (L DAA O MU A3 o U 7 OV HEES (A il & 0 2. D A REME 2 BRI C©
R, HEBETIE. S S PICRBBICER SN 7 TR OB 2R U E E R
RERD L D THY ., FHITESWTHOHIEAN S U 7 LBLEE L 7 5 AT REM: 2 R okh 4
NRE TRV, I, BEFOMATIIMEIZER LTW\W5, MEITEEOF IR
BEOT 78 A, #8il, HICEL TRWEETIEH 203, HBIEO—2>TLMR,
S5, MBEDOTF —Z 3% LD TIIRVERB SN TV, HEx REKROBIED
RARDUCEI T 2L, KV REIITICE S RETH L B2 b5,

B E2 & EZERATOM TR NT, S - 5 H g & BFIRR - B L oo 7y i 45
AT AR L DCECT S R R R EO BN H L0 LRV E WS | EHEIC
EDHFENP PR X, RE - §IH EBFIR - RREOWTIZBWTEH, A
DHEEE R THT 5 L9 RIFRITTRENR o7, LLARNS, EsLHicEmL T
FERIIC ) TIVEEERIEDL ET5 L, TOREBETEHIHMAEHEL LT, MED LT
HERMED ETH, A6 OHIBII I EER I CH S REERH S, U TV
GRE L T O 2 O ESR & ORBRICOW TR, AL ZOEOF Z B2 HWLND,
ADOKE (FERER) IZNENMAOYREEZELI N, TXTOERAEDI > TAK
(VT IWVEERK) L L TR RERYREEELDOTH D,
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Akan

1. Description of the Natural Environment

1.1. Volcanoes and Lakes Surrounding Lake Akan

The region is at the southwestern tip of the Chishima volcanic zone on the
Akan-Kussharo volcano group, which is mainly made up of Quaternary volcanoes,
including the Akan, Kussharo and Mashu calderas. The Akan caldera is the oldest of the
calderas in the region (formed around 120,000 years ago), followed by the Kussharo
caldera, formed somewhere between 30,000 to more than 100,000 years ago, while the
Mashu caldera is among the newest in the northeast, being formed around 7,000 years

ago.

There are volcanoes in the Akan caldera, including the active Mt. Meakan (Meakan-dake;
1,499m), the highest peak in the region, as well as lakes and reservoirs, such as Lake
Akan, Lake Penketo, Lake Panketo and Lake Onneto. The caldera is surrounded by
subarctic evergreen forests of Yezo spruce Picea jezoensis and Sakhalin fir Abies

sachalinensis.

“Ancient Lake Akan” in the center of the caldera partially filled up with lava flow
erupted from Mt. Furebetsu (Furebetsu-dake) and Mt. Fuppushi (Fuppushi-dake) in the
southwestern part of the caldera. Later, the water level retrogressed due to erosion near
Pirikaneppu in the southeastern part of the caldera, exposing the lake floor. Around
12,000-13,000 years ago, Mt. Oakan, in the inner eastern part of the caldera, started
erupting and the lava flow caused a partial dam (near the top of the waterfall today),
forming the “Former Lake Akan”. Later, 12,000 years ago, Mt. Oakan, slightly to the east
of the center of the caldera, erupted, the large lava flows forming a ring formation of lakes
and reservoirs, including the present-day Lake Akan, Lake Taro, Lake Jiro, Lake Penketo,
Lake Panketo, Hyotan Marsh and Junsai Marsh. Among these lakes are wetlands

formed by later deposits.
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1. Formation of ancient volcanoes (outer rim)

(100,000s of years ago)

- Mt Iyudanipuri Mt Ahoro Mt Kikin

3. Formation of the caldera and Lake Akan
(100,000-150,000 years ago)

4. Eruption of Mt Furebetsu and Mt Fuppushi
(10,000s of years ago)

Mt Furebetsu Mt Fuppushi Kussharo

5. Eruption of Mt Meakan (20,000 years ago) and
Mt Oakan (10,000 years ago)

Mt. Meakan Mt. Oakan . Lake

Fig. Evolution of Akan Caldera (Kushiro City 2013)
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1.2. Fauna

The Lake Akan watershed catchment and surrounding area is covered in expanses of
virgin forest, which is home to mammals, birds and insects. There are nine confirmed
families and 24 species of mammals, including large mammals such as the brown bear
Ursus arctos and sika deer Cervus nippon yesoensis, as well as the red fox Vulpes vulpes
schrencki, the mountain hare Lepus timidus ainu and the Eurasian red squirrel Scrurus

vulgaris orientis.

There are nearly 150 confirmed species of birds, including the black woodpecker
Dryocopus martius, the white-tailed sea-eagle Haliaeetus albicilla, the Steller’s sea-eagle
H. pelagicus (VU, TUCN Red List) and the Blakiston’s fish owl Ketupa blakistoni
blakistoni (EN, IUCN Red List).

There are reported to be 9 orders, 119 families and 1,098 species of insects in Akan
National Park. The Japanese burrowing cricket Velarifictorus micado and field cricket
Loxoblemmus campestris, found in fumaroles on the southern shore of Lake Akan, are
identified as potential relict species distributed throughout temperate regions. In terms
of benthic animals, there are reported to be 1 order, 1 family and 3 species of flatworms; 1
species of roundworms; 2 orders, 3 families and 4 species of gastropod mollusks; 1 order, 1
family and 1 species of bivalves; 3 orders, 5 families and 11 species of oligochaetes; 1
species of leeches; 3 orders, 3 families and 3 species of malacostracans; and 7 orders, 193

species of insects.

1.3. Flora

The Lake Akan watershed catchment area is dominated by northern evergreen coniferous
Yezo spruce Picea jezoensis, Sakhalin spruce Picea glehnii and Sakhalin fir Abies
sachalinensis. Changes in forest species by elevation (vertical distribution) can be seen
from foot to summit on Mt. Oakan and Mt. Meakan, from coniferous forests to the
Erman’s birch Betula ermanii zone, the Japanese stone pine Pinus pumila zone and

alpine plant communities. The volcanic gravel vegetation is widely distributed in the
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summit area of Mt. Meakan. A community of Japanese stone pine on Mt. Atusanupuri is
growing in a special environment (lowland at an altitude of 160m) that has been

significantly impacted by volcanic activity.

While there are few endemic plant species in the region, there is a relatively high number
of plant species (around 700 species of higher plants) from various environments.
Included among these are many that bear the name ‘Akan’ in Japanese, such as
meakan-kinbai ‘Mt Meakan winter jasmine’ (Sibbalidia miyabel), meakan-fusuma ‘Mt
Meakan’s blanket’ (Arenaria merckioides Maxim. var. merckioides) and akan-suge ‘Akan

sedge’ (Carex loliacea). Salix arbutifolia is included as VU in the ITUCN Red List.

Marimo Aegagropila linnaer grows in Lake Akan and is designated as a special natural
monument of Japan. There are reported to be 259 taxonomical groups of freshwater algae,

including marimo.

2. Proposed OUV

2.1. Akan Lakes

While Lake Akan and the surrounding lakes and wetlands formed at the same time from
the same water system, the smaller bodies of water in the lower reaches of the
Ibeshibetsu River in the north and the Shirakoroju swamp area in the south have been
filled in by sedimentation from the surrounding rivers and have now become wetlands.
Thus, the lakes have a laboratory-like element to them, providing the opportunity to
witness the various stages of transition of a lake from the same source turning into a
swamp and then a wetland. These lakes are also diverse in water quality from
oligotrophic to eutrophic to dystrophic, not only due to the differences in size and shape,
but also due to the catchment area and the effect of the surrounding environment. This
diversity in lake environments is an important basis for each body of water having its

own community of aquatic organisms.
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2.2. Marimo Aegagropila linnaei
Lake Akan and the surrounding lakes have undergone unique transitions due to the
impact of volcanoes, with a diverse lake ecosystems that have fostered marimo and other

rare biota.

Marimo is distributed in high latitude regions of the Northern Hemisphere; its main
habitat is in East Asia, particularly Japan, and Northern Europe around the Baltic Sea. A
recent study has confirmed that the marimo in these two regions is the same species.
Further, while spherical marimo once grew in several places in Europe, it now only grows
in two places: Japan and Iceland (Lake Myvatn). Furthermore, the study also showed
that marimo is on the verge of extinction in Lake Myvatn and that DNA analysis has

indicated that all of the marimo in the world is very likely to have originated in Japan.

Marimo has three growth forms: epilithic, free-floating filaments and aggregated balls.
All three growth forms can be observed in Lake Akan. Marimo only grows into large balls
and clusters of balls in Lake Akan and Lake Myvatn in Iceland. Lake Akan is the only
place in Japan where marimo has been confirmed to grow into balls the size of a fist or
larger, and there are only two places in the northern part of Lake Akan where it will grow.

For this reason, marimo has been designated as a special natural monument of Japan.

The following four elements are considered to be factors specific to growing marimo.

1) Lake Akan originated as a caldera lake caused by a volcanic eruption; a unique basin
topography formed through the complex geological action of erosion, eruption,
damming and depositing. Surrounding rivers carried in sediment, developing
shoaling inlets, particularly on the northern and western sides, creating an
environment in which it is easy for spherical marimo to roll around.

2) The complex inlet system and the topography of the lakeshore deposited silt, stones
and gravel were on the lake floor, resulting in different bottom sediment in different
places, diversifying the marimo habitat.

3) The very strong winds that blow from the southern side of Lake Akan effectively

create moderate waves on the shallow lake floor, maintaining the spherical shape of
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the marimo.

4) The presence of springs has been confirmed on the floor of Lake Akan. Together with
the water flowing in from the outer rim to the north, which mainly consists of
rainwater, the water coming from Mt. Meakan to the south, with high sulfur and
hydrogen sulfide content, and the water from Mt. Oakan, with high concentrations of

minerals, give the water in Lake Akan a very complex composition.

The marimo population has depleted in its distribution region within Japan. The
Ministry of the Environment has designated it on the RDB as Critically Endangered and
Endangered (CR + EN). Even in Lake Akan, the habitat has deteriorated, with decreased
water quality and decreased transparency resulting from discharged effluent as the
post-war hot spring industry has developed, and algae blooming in summer.
Countermeasures have since been carried out, such as establishing a sewage system to
preserve the water quality, the establishment of the Marimo Preservation Society, the
establishment of the Marimo Conservation Measures Committee in 2009, made up of 22
public and private sector groups and the formulation of the Marimo Protection

Management Plan.

2.3. Yuno-taki Fall

The Onneto Yuno-taki source and the slope of the waterfall are home to various microbes,
including cyanobacteria, which emit oxygen during photosynthesis, and
manganese-oxidizing bacteria, which bind the oxygen to manganese ions in the hot spring.
The combined action of these microbes forms manganese dioxide on the surface of the

slope of the waterfall; this rare location can produce over 1 ton of sediment in a year.

There are huge land-based manganese dioxide deposits now being discovered that are
believed to have been deposited in the primordial ocean in the Precambrian era. The
formation mechanism of currently-active manganese dioxide deposits around deep-sea
hydrothermal deposits and of manganese nodules that slowly form over a wide area of sea

floor is still a mystery. Accordingly, searching for manganese dioxide deposits that are
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still forming naturally holds the key to understanding events of the past.

The presence of manganese-oxidizing bacteria thought to be a different species from those
in the Onneto hot spring has been confirmed near an area of hydrothermal activity on the
ocean floor. The deposit-forming process involving microbes capable of oxidizing
manganese is thought to be the same both on the ocean floor and on land. However, in
order to use this as a research material requires deep-sea research vessels and prolonged
investigation, which present a major obstacle. Further, while the manganese deposits
that are still being formed on land are found in caves along the headwaters of the
Tennessee River and in various places in Japan, they are very small and it has been
difficult to clarify whether the actual manganese oxidization in the natural environment

1s being achieved by a chemical mechanism or by a microbiological mechanism.

The scale of the Yuno-taki Fall manganese deposit is unparalleled for a manganese
deposit that is still being formed on land. It is the largest in the world in which the
manganese formation process can be examined directly and relatively easily. Research to
clarify the mineral formation mechanism is being carried out in various fields, including

geoscience, microbiology, mineralogy, volcanology, geology and hydrology.

3. Comparative Cases

3.1. Myvatn and Lax4 (Iceland, tentative list, (viii) (ix) (x))

The Myvatn region is both geologically and biologically unique and is valued for
conservation. Rainwater accumulated in the porous subterranean volcanic bedrock
travels underground, forming a series of springs that flow to the surface and into rivers
and lakes in the various water systems. The largest water system is the wetland region
around Myvatn and Lax4. Lake Myvatn (37km?) is situated 278m above sea level and
encompasses over 50 islands. The scenery landscape of the lake shore and the islands is
distinguished by the impressive pseudocraters, formed by phreatic eruptions when hot
lava flowed into the lake around 2,300 years ago. The most famous of these craters are

the Skutustaoagigar craters, which has a special protection status.
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Myvatn and Laxa have one of the largest breeding populations of waterbirds in the world.
A total of 115 species of wild birds have been recording living in the region, including 28
species of ducks. There are 15 species of ducks that regularly breed in the region; the
most frequent of these are the tufted duck Aythya fuligula, the greater scaup Aythya
marila and the Eurasian wigeon Anas penelope. Often frequently-seen ducks include the
Barrow's goldeneye Bucephala islandica, the red-breasted merganser Mergus serrator,
the common scoter Melanitta nigra and the mallard Anas platyrhynchos. Three of the
duck species that breed in the region are rarely seen in other parts of Iceland. Myvatn
and the surrounding region is the only confirmed breeding ground in Europe for the
Barrow's goldeneye; it is also the easternmost breeding ground for the harlequin duck
Histrionicus histrionicus. Besides ducks, there are also over 300 pairs of Slavonian grebes
Podiceps auritus that breed in the region, as well as the whooper swan Cygnus cygnus,
red-necked phalarope Phalaropus Ilobatus, great northern divers Gavia immer,

red-throated divers Gavia stellata and other waterbirds.

The main reason for this ecology abounding in wild birds is the rich nutrients supply
provided by the lake. Due to the abundance of primary products and the high population
of insects and other small organisms, the lake is an abundant food source for the birds.
The size of the lake, the wide expanse of shallows, the large number of islands, the long
stretch of shoreline, the dry climate, the varied topography and other factors have all
contributed to the formation of this ecology abounding in wild birds. Since Myvatn is
shallow (a maximum depth of 4m, except in areas where siliceous sediment (diatomite)
has been extracted), the lake floor gets enough daylight to sustain a wealth of vegetation,

including the rare algae species marimo Aegagropila linnaeil.

3.2. Shark Bay, Western Australia (Australia, 1991, (vii) (viii) (ix) x))
The world’s largest and most diverse stromatolites (hard, dome-shaped structures formed
by microbial mats) can be seen in the hypersaline Hamelin Pool in Shark Bay. Analogous

structures dominated marine ecosystems on Earth for more than 3 billion years.
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The stromatolites of Hamelin Pool were the first modern, living examples to be
recognized that have a morphological diversity and abundance comparable to those that
inhabited Proterozoic seas. As such, they are one of the world’s best examples of a living
analog for the study of the nature and evolution of the earth’s biosphere up until the early
Cambrian. The Wooramel Seagrass Bank is also of great geological interest due to the
extensive deposit of limestone sands associated with the bank, formed by the

precipitation of calcium carbonate from hypersaline waters.

4. Challenges

4.1. Lake Akan and Marimo

There are many questions that cannot be answered by earth science, such as the biota in
the lakes in various stages of transition, inter-species relationships and their impact on
the lake ecosystems and not enough research is being carried out to explain the biological
and ecological processes. In terms of diversity, 40 years of continuous research has shown
that Lake Myvatn is unique in Europe for its diversity of biota, particularly among
waterbirds, and progress is being made on clarifying population dynamics. World
Heritage inscription has never been done for a single species. An IUCN study made
mention of Criteria (x) with the statement that “the value of a single species alone is not
enough to prove World Heritage OUV; those sites have not been inscribed in the past,
such as wild donkey sanctuaries in India”. It would probably be difficult to get Lake Akan
inscribed on a World Heritage list, only for a single species of marimo Aegagropila

linnaer.

4.2. Yuno-taki Fall

In Shark Bay, Western Australia, one of the comparative cases, the photosynthetic
microorganisms (cyanobacteria) not only produced the world’s first oxygen on a beach in
the Precambrian era, but also continue to produce stromatolites, products formed by the
deposition growth of calcium carbonate, and are inscribed in the World Heritage list as a

living fossil.
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Manganese-oxidizing bacteria in the Yuno-taki Fall produce manganese dioxide deposits
using oxygen produced by cyanobacteria. While this differs from Shark Bay in terms of
producing stromatolites by collective microorganism action, there are similarities in

terms of biomineralization, where living organisms are involved in producing minerals.
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Diversity of water source flowing into the Akan lakes

Diverse origin of biota and environmental structure of the lakes

In addition to the variation in trephic level, th Havir g
i change, the Akan lakes exhibithigh biodiversity,

salinity stc.) of the inflowing water, further
Lake Akan. relict sp I il
occurnear the water sources.

Water temperature
b

Trophic level

Congephual s
miches of fois

Diversity of environmental structure on land Land vegetation changed by temperature and pH of soil

it and also by eold-windni the volcanic block

temperature and soil acidity. Variation in vegetation also enhances biodiversity.
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Conclusions: the lakes as a catalog of freshwater ecosystem

1. The nature of the Akan district, based on a typical subarctic forest vegetation;
has varied ecosystems influenced by unigue volcanic activity

2. The diversity of ecosystems supports high biodiversity and many diff
trophic levels in lakes around Mt G-akan,

3. Lake and other water systems have evolved over hundreds of thousands of
years after the formation of the old Akan caldera, but mostof the lal
received significant amounts of sediments in the [ast tens of thousan
years:

4. Itis likely that over the ml'llennia the Wwater system, composed of cold, warm
and brackish waters:has served as:a corridor and refugia for the migration of
aquatic plants, and apimalssin.times of climaticehange;

1 & lake community:seéms to have beeh formed from
organisms derved from cold, warnm or brackish reg k
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Formation process of Lake Akan as Marimo habitat

Mt Furebstsu ML Fuppushi
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Formation process of Lake Akan as Marimo habitat

Mt. O-akan
BFEXE

Lake Panke
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Finally, Lake Akan was formed in the west side of the Akan Caldera
about 12,000 years ago by damming after volcanic eruption of ML

O-akan. For this reason, the lake has complicated shoreline and its
substratum is rich in diversity.

Diversity of environmental structure

(2) substratum
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Movement of Marimo balls restricted
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Furthermore, the prevailing

wind from the south regulated
by geographical features and
surface distance (fetch length)
moves Marimo balls
moderately

Diversity of environmental structure
(4) source of lake water

& hotspring
& : cold mineral
spring

Lake water is mainly supplied through
rivers and spring water. These water
sources have different water quality
respectively, which are classified into
three types

Marimo grows
gregariously near
the cold mineral

spring
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Conclusions

1) Growth and distribution of Marimo are influenced by various
environmental factors
2) Thediversity of the 1l in Lake Akan brings
phological and ecological y of Marimo
3) Formation of Marimo balls requires some special environmental
conditions and thelr precise combination, and that has become a base of
the scarcity of the existence

1) TUEQEREAFIEHACRBRAOETERTTLS

2) FEANATAIRAMEOSBIENTIEORBLEBESMEIED

3) RETVEQERICERACRREGLEORECEH DL BETEY. £O
SENBEORPIEORBLTLND

Why do we exist?

-t

Thank you for attention
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Two Types of Biomineralization

Organisms indirectly

produce biominerals
(bio-induced)

Organisms directly
produce biominerals
(bio-controlled)

o @]
& i - (5] [©] g
& e The organism takes in the o s
substances necessary for
its biological activities
into its body from the
4 surrounding environment

The organism breaks
down the substances it

The organism breaks down

the substances it has taken

= . has taken into its body X N
& BT rirh ot e iRt AW into 1'Fs body and turns these™ [—= |
© “'5’0 il e e & into sources of the 0‘?‘"— <) \-,‘
_— Nl . comnonents for hinminerals -
= o“—.v. eliminates ther;a from its for hiomi ! Pl ”
hadv
Wy,
\\\\ /’,
= o) Rid
= @ .@
- N
'.;,/ DAY The substances =
am 1w eliminated from the . .
T . The organism directly
: i organisti sbady feact in roduces biominerals
Biominerals succession with the p Biominerals

components dissolved in
the surrounding
environment, producing

Biominerals are produced as
substances that co-exist with the

organism

Biominerals that are produced in microbial

mats, including stromatolites, etc.

internally through its

Biominerals become part of the

organism’s body (hard tissues)

The organism utilizes the

Bones, teeth, seashells, pearls, etc.

68




(2) BEWAIR

1) EHIERBAEH
1. HugDEADEE
-1 #hE - #hi

A fRix, ALiEE PRI E T 2B 150km LU EIC K SEFRILRTH 5, el
2,052m OWEFLE T, FHEMRITB BT 1,500m~2,000m TH 5, EHEHROFMBEICIL, 100 AFT
T T — OKIHEA LR, (B L— ) R EOJKITHIE 3 04 LT D,

A & AR LR B2 BiAA L7t (589 1,300 F4ERT) 2 2OEKR7L—bk (JEk7L—he=
=7V T T L— 1) OFERICNE LTz, AREE OB O KPEPEZIER PR RIEERH D |
ZFAKR T L= a—=F T 7L — FOIEREESR L 72> T D, 2 OILKREE R T AL RA 5
TGS U, AREMHTIZZ D 2 DOERT L — FRERT D557 L 72> T D, Hififd
PAME, KPEERTLR LET. FOEMTIES L— FOEENPET L, ZOR5EH & ILIRDSIERE S
iz,

Sl L

D"a- S i 41 o .
" Mid-Atlantic [Ridge 1/"/_\,, .

'. A% b B Lo alies
- Y ]

il

sm®

|
atr ||

S-Sy PIL—F |

Eurasion Plate Plate

| ol ‘-{
Hldaka mountains Bk, F—t

\ 5 ' P

= b ;

L " . k‘

E
=3
= |
®

(Niida, 2012 % %)

69



Map showing structural setting of the Hidaka Mountains.

(Ca. 1.3Ma~)

North American Plate
(Okhotsk Block)

Eurasia Plate
(Asian Continent)

/ (_ oblique subduction

Hidaka Mountains

| Japan
| Trench

 (Uietal, 1999 H%E)
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Geological profile of the Hidaka Range, showing a continuous

lithological change from west to east. (Ui et al., 1999)
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Schematic profile, showing magmatic activities and metamorphism
generated in the Hidaka lithosphere at the stage of maximum
geotherm. (Ui et al., 1999)
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A spectacular view of the peridotite mountains at the northern ridge of Mt. Apoi-dake.

(Ui et al., 1999)
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Well-layered peridotite exposed on the wes
ridge of Mt. Apoi-dake. Plagioclase lherzolite
and dunite interlayered with gabbroic mafic
rocks. (Peak in background is Mt. Apoi-dake.)

(Ui et al., 1999)
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Hidaka Mountain Range

1. Description of the Natural Environment
1-1. Geology and Topography

The Hidaka Mountain Range is a mountainous backbone stretching about 150 km N-S in
south-central Hokkaido. At 2,052 meters above sea level, the highest peak is Mt. Poroshiri
(Poroshiri-dake). Rising 1,500 to 2,000 meters, the main ridges feature cirques, moraines, and

other glacial landforms at more than 100 locations.

When the rise of the Hidaka Mountain Range began some 13 million years ago, the region
was positioned at the boundary of two giant plates, the North American Plate and the

Eurasian Plate. On the side of the Earth opposite Hokkaido lies the Mid-Atlantic Ridge, a

divergent tectonic boundary ’—a - m e "‘"' O —
V: Md-Adantic Iridge ' s ‘ﬂ\f wr
between the North American ; . 5 -

AT Rign

and Eurasian Plates. This

divergent boundary changes
o
into a convergent boundary
near the North Pole, and in i
the Hokkaido region, the two ' F :
giant plates are colliding I ;
ap* |} .
with each other. The Atlantic ‘ =
| -
Ocean has been expanding ;
|
since the Cretaceous Period, |
inducing the collision of o
tectonic plates on the “”.: S-SV PIL—F
- Evrasien Plate 1  Plate
opposite side of the Earth i { *7
\ f
and forming the Hidaka - Hidaka mountains :‘I;Qr-ﬁih
kL 5 L}_}lk -
Mountain Range. ' < O Mise
- VL K
. W
] 20
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Map showing structural setting of the Hidaka Mountains.

(Ca. 1.3Ma~)

North American Plate
(Okhotsk Block)

Eurasia Plate
(Asian Continent)

S oblique subduction

Hidaka Mountains

Japan
Trench

(Ui et al., 1999)

The Hidaka Mountain Range is a collision (overthrust) zone formed by the Hidaka
metamorphic belt to the east and the Poroshiri ophiolite to the west, a metamorphic fragment
of what was once oceanic crust. A massive thrust fault—the Hidaka Main Thrust—has

formed at the boundary between the two formations.

Composing most of the mountain range, the Hidaka metamorphic belt consists of plutonic and
metamorphic rocks that were part of the island arc crust formed in geological eras after the
Paleogene. The western regions feature exposed high-pressure metamorphic rock such as
those in the granulite facies. The metamorphic grade decreases towards the east side, where
more low-pressure metamorphic rocks are found. The composition of the plutonic rocks
exhibits a similar trend. High-pressure gabbros are distributed in the western regions and
low-pressure granite in the eastern regions. Tonalites are found in the central regions around
the main ridges. Based on geothermometric and geobarometric methods for determining the
history of formation of these rocks below the ground, scientists have reconstructed a
continuous lithospheric cross-section believed to measure more than 20 km in thickness. The
Hidaka metamorphic belt has special geological significance as a field where a vertical profile

of the island arc lithosphere (from upper mantle to upper crust) lies exposed above water as
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an E-W cross section, allowing researchers to study, at the earth's surface, tectonic events

that occurred underground associated with magma genesis in an island arc environment.
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High-Grade Metamorphic Rocks of the Lower Crust Observed in the Hidaka Metamorphic Belt.
(Osanai, 2010)

High-temperature metamorphic rocks typical of those originating in the lower crust are widely observed
in the western margin of the Hidaka metamorphic belt, a thrust zone of crust fragments, allowing direct

observation of various deep crustal processes.

In addition, upper-mantle peridotites that comprise the lowermost part of the lithosphere lie
exposed on the western margin of the Hidaka metamorphic belt. The largest outcrop is the
peridotite found in the Mt. Apoi (Apoi-dake) area, which extends 10 x 8 km. This peridotite
consists of upper-mantle derived minerals not subjected to metamorphism. A diverse range of
rock types form the peridotite bodies. Untouched by metamorphism and retaining
information on their upper mantle origins, the Horoman Peridotite Complex, as these diverse
types of massive, exposed peridotites are known worldwide, are extensively studied to
elucidate the geological processes of the upper mantle, including the genesis and upward

transport of basaltic magma and magmatic processes in the deep lithosphere.

1-2. Flora

The Hidaka Mountain Range features a vertical distribution of vegetation corresponding to
differences in altitude. Mixed forest of coniferous and broad-leaved trees comprised of

akhalin fur ies sachalinensis, Yezo spruce Plcea jezoensis, and Erman’s birc
Sakhalin fur A4b hal Y p P d E ’s birch
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Betula ermanii; Erman’s birch forest; Japanese stone pine Pinus pumila forest; and alpine

plant communities are distributed from low to high elevations.

While the distribution area of alpine vegetation is limited, many endemic and rare species can
be found here. Endemic species such as Salix nakamurana subsp. kurilensis, Silene
hidaka-alpine, Oxytropis revoluta subsp. kudoana, and O. retusa and rare species such as
Pleuropteropyrum nakaii and Pedicularis apodochila occur especially in the wind-swept
regions. Currently, nine endemic species and seven endemic subspecies have been confirmed

in the Hidaka Mountain Range.

Ultrabasic (strongly alkaline) rocks comprised of peridotites and serpentinites are distributed
in the northern parts of the Hidaka region. Plant communities that can inhabit such an
environment (ultrabasicolous plants) occur in this region, such as Saussurea chionophylla
and Arenaria katoana. In general, mountains formed of ultrabasic rocks are likely to feature
endemic plant communities. Mt. Apoi, located in the southwestern margin of the mountain
range, features numerous endemic ultrabasicolous plants, including Hypochoeris crepidioides.
(Five endemic species, eight endemic varieties, and four endemic formae are known on Mt.
Apoi.) Despite its low elevation and small scale as a mountain mass, little forestation has
occurred in the Mt. Apoi region during the nearly 10,000 years of the postglacial period.
Instead, alpine plants and ultrabasicolous plants have taken root. The fractions of endemic
species, varieties and formae are higher than in other regions, reflecting the effects of the

ultrabasic rocks.

Higher plant species confirmed to be present in the Hidaka Mountain Range include 94
families, 346 genera, 684 species, 47 varieties, and 20 formae. Salix arbutifolia has been

assessed as VU on the IUCN Red List.

1-3. Fauna

The mammalian species in the Hidaka Mountain Range include the northern pika Ochotona
hyperborea yesoensis and Clethrionomys montanus, both believed to be relict species from the

glacial period. Some 20 mammal species, including larger mammals, have been confirmed.
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Birds species recorded from the Japanese stone pine forest zone to the foothills forest zone
include 91 species belonging to 28 families. Three reptile species and two amphibian species
have been confirmed. Notable insects include Vacciniina optilete daisetsuzana and Oeners
melissa daisetsuzana, which have been designated natural monuments of Japan. Pyrgus
malvae malvae, found only in the Mt. Apoi area, is listed as Threatened IA species (CR) on the
Ministry of the Environment Red List. Other species include the terrestrial gastropod
Paraegista apoiensis and the Trechinae, which are coleopterous and species endemic to
Hokkaido. Insect species confirmed in the Hidaka Mountain Range include 440 species

belonging to 71 families in nine orders.

2. Proposed OUV
2-1. Overview

The Hidaka Mountain Range is a fold mountain formed by the collision of two tectonic plates
starting in the Paleogene. It is a prime example of a major stage in the Earth’s history,
exhibiting the features of tectonic structures and crustal formation characteristic to plate
boundaries. The Hidaka Mountain Range is a collision (overthrust) zone formed by island arc
crust (Hidaka metamorphic belt) and a fragment of the oceanic crust (Poroshiri ophiolite).
Sequences in the Hidaka metamorphic belt from the shallow to the deep crust are well
preserved in metamorphic rock and are now exposed on the surface as a continuous crustal
cross section. Furthermore, the upper-mantle peridotites present in the structurally lowest
part of the formation lie exposed along the Hidaka Main Thrust. These peridotites are
extremely fresh (i.e., free of metamorphism and retaining information from their upper
mantle origin) and diverse in type. The Horoman Peridotite Complex, a peridotite massif in
the Mt. Apoi area, features the largest exposed area and is among the most extensively
studied areas in the world as part of various research efforts seeking to elucidate

fundamental processes in geoscience.

The Hidaka Mountain Range is among a few places in the world where one can observe, lying

exposed and on the surface, a continuous tectonic cross section from the upper mantle to the

85



shallow lithosphere, in which the original relationship during formation is nearly perfectly
preserved. The area offers great scientific significance as a representative field for elucidating
geological processes such as genesis and the upward transport of magma in an island arc

setting.

2-2. Rocks Comprising the Hidaka Mountain Range (Cross Section of the Island Arc

Lithosphere)

The characteristics of the Hidaka Mountain Range, that we boast to the world, are

summarized in the four points below:

1. The Hidaka Mountain Range consists of geology and rocks representative of the deep parts

of the island arc lithosphere where tectonic activity is high.

2. The geology and rocks forming the mountain range are layered in order, from the upper

mantle to the shallow crust, and can be observed continuously.

3. It is among the few places in the world where such geology and rocks can be found exposed

on the surface.

4. Their formation is very new (young) and has been dated to the Cenozoic (55-17 Ma). Thus,
all the rocks comprising the Hidaka Mountain Range almost perfectly retain valuable

scientific information on their genesis in the deep island arc lithosphere.

The continuously exposed stretch of rocks in the E-W direction in the Hidaka Mountain
Range correspond to a flattened view of a cross section of the lithosphere approximately 30
km thick at the place of their genesis. The set of geologic bodies can be considered a
continuous sample of rocks from the upper mantle upward through the Moho discontinuity, to
metamorphic rocks in the upper crust, and provides an invaluable field for various scientific

research.

Invaluable as they are, only two plate boundary metamorphic belts in the world are known to
contain the island arc crust in their sequence: the Hidaka Mountain Range and the Kohistan

collision belt in northern Pakistan. The exposure of a crust cross section necessitates a

86



convergent plate boundary setting where large-scale crustal deformations take place. While a
number of such locations exist, except at these two locations, the curst is only sporadically
exposed or has structurally been offscraped and is absent. The Hidaka Mountain Range and

the Kohistan collision belt feature miraculously preserved continuous crust cross sections.

The scientific value of the Hidaka Mountain Range geology described above lies in that in
addition to offering insight into the movement of terrestrial mass on a global scale, it allows
direct sampling of materials for analysis and research, contributing significantly to the
elucidation of the formation of island arcs. For example, a volcanic eruption is a surface
phenomenon. While the erupted materials may provide us with information on the magma
chamber located about 10 km below the surface of the Earth, there are numerous aspects of
magmatic processes they cannot illuminate (e.g., how magma chambers become heated). The
knowledge that can be gained from the surface is limited. Rock samples are needed to achieve
a more precise understanding of the processes that take place below the Earth’s surface.
While rock samples are not easily obtained directly from the deep crust, they occur on the

surface in the Hidaka Mountain Range.

Model of island arc and the arc-trench system.

continent  marginal Island Arc trench seamount - mid-oceanic
sea - oceanic island ridge

back-ar¢ basin

Upper mantie

Upper mantle

(Ui et al., 1999)
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The rocks comprising the Hidaka island arc beneath the surface include metamorphic rocks and
plutonic rocks. Within the metamorphic rocks, rocks having different metamorphic grades are
formed according to the geothermal gradient. The metamorphic rocks formed at the deepest level
in the Hidaka metamorphic belt are granulites; towards the surface, amphibolites, biotite gneiss,
and hornfels have formed. Plutonic rocks are formed by magmatic activities below the surface and
were formed by the genesis of two different types of magma having distinct origins—the deep
crust and upper mantle peridotites. Different types of rocks form depending on the depth of
magma genesis. Tonalites and granites are produced from the former, while gabbros and diorites
are formed from the latter. The deep structures consisting of such metamorphic rocks and plutonic
rocks are unique features of island arcs and can now be found exposed as a continuous
cross-section with a W-E orientation in the Hidaka Mountain Range.
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2-3. The Horoman Peridotite Complex (Peridotite from the Upper Mantle in the Lowermost
Part of the Island Arc Lithosphere)

The Mt. Apoi area features a large-scale outcrop of upper-mantle peridotites (Horoman
Peridotite Complex). Free of metamorphic effects, the peridotites offer very well preserved
mineral and chemical compositions of mantle origin. What is more, the outcrop covers a very
large area measuring 10 X 8 km. This represents the largest-scale peridotite in the world in

terms of freshness and preservation of information on the deep lithospheric region.

Four types of peridotites present can be categorized by their origins, providing a variety of
samples. The difference in origin means that the time and place of their formation differ. The
peridotites consist of those produced at the mid-ocean ridge and those that are younger and
produced at the island arc. Diversity increases their scientific value. From a petrologic
perspective, these peridotites have compositions corresponding to the peridotites of the

uppermost mantle.

The Hidaka Mountain Range is an unparalleled location for mantle peridotites, free of
metamorphic effects and retaining information on the upper mantle, of diverse types, and
exposed in a large-scale outcrop. Thus, the Horoman Peridotite Complex has been extensively
studied in diverse research fields, making it academically significant (quantity and quality of

research) and renowned internationally.

While peridotites are found in many regions of the world, they have experienced some degree
of metamorphism in most cases, and their original compositions have been reset. In contrast,
the Horoman peridotites are free of metamorphic effects and retain information on the deeper
parts of the Earth’s interior, which is of great scientific significance. The Horoman Peridotite
Complex has a universal and significant value as rocks providing information from the upper

mantle.
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A spectacular view of the peridotite mountains at the northern ridge of Mt. Apoi-dake.

Well-layered peridotite exposed on the western
ridge of Mt. Apoi-dake. Plagioclase lherzolite
and dunite interlayered with gabbroic mafic
rocks. (Peak in background is Mt. Apoi-dake.)

(Ui et al., 1999)
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(Niida, 2014)

3. Comparative Cases
3.1. A continuous cross section from the upper mantle to the shallow crust

The exposure of a crust cross section necessitates a convergent plate boundary environment,
where large-scale crustal deformation takes place. While a number of such locations exist, in
most cases, the crust is only sporadically exposed or has structurally been offscraped and is
absent. The Ivrea Zone of the Swiss Alps is famous for exposed continental crust of an island
arc, while the Macquarie Island of Australia (World Heritage Site) is known for its exposed
oceanic crust. However, the Hidaka Mountain Range and the Kohistan collision belt in
northern Pakistan are the only two places known where the island arc lithosphere is
continuously exposed. The Kohistan collision belt is unique in that the volcanic rocks are
preserved on the upper part; unfortunately, it is difficult to carry out field surveys in the

region.

The Kohistan collision belt is a Cretaceous island arc where lithospheric rocks are exposed
continuously, from serpentinite massifs, the Moho discontinuity, middle crust, basic tonalites,
metamorphic rocks, igneous rocks, shallow marine sediments, and volcanic rocks. The
advantage of the Kohistan collision belt over the Hidaka Mountain Range is the existence of

the volcanic rocks on top.
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The advantage of the Hidaka Mountain Range is the extent of the research carried out. The
Kohistan collision belt is situated in mountainous regions and in conflict zones, making the
area difficult to access. This has impeded field surveys for mapping the stratigraphic
relationships of the layers, and a schematic stratigraphic column has yet to be produced. In
contrast, detailed geological maps and stratigraphic columns are available for the Hidaka
Mountain Range, and even the geothermal gradient in the island arc lithosphere has been
reconstructed. Another strength of the Hidaka Mountain Range is that no serpentinization of
the upper mantle peridotites has occurred, so that they retain unaltered information from the

upper mantle.

3.2. Large-Scale Outcrop of Fresh and Diverse Types of Peridotites

Macquarie Island is an example of a World Natural Heritage Site designated due to the
exposure of cross sections of the upper mantle and crust on the surface of the Earth. Here, as
in the case of the Hidaka Mountain Range, the upper mantle rocks are exposed. However,
unlike the Hidaka Mountain Range, the layer above it is a cross section of the oceanic crust.
Such combinations of mantle rocks and oceanic crust exposed on the surface of the Earth as
observed in the Macquarie Island are commonly seen in the world, as in Oman and Troodos
(Cyprus). What makes the Hidaka Mountain Range unique is that it is a sample of the island
arc lithosphere, with a distinct composition and rock origin, representing a completely
different geological phenomenon. The island arc is an environment where the active tectonic
processes are taking place on the surface, including orogeny and volcanic activities, and is in
the front line of continental growth. Offering a view of the cross section of the island arc
lithosphere, the Hidaka Mountain Range has a unique value that distinguishes it from other

regions where the oceanic crust is exposed.

4. Challenges

The continuous cross section of the island arc lithosphere observed in the Hidaka Mountain

Range has the potential to become a major window onto major stages of the Earth’s history.
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Nevertheless, of the 13 themes set forth by the IUCN in its theme study, very few sites have
been chosen for the World Heritage Site for significance associated with plate tectonics and
crustal formation. The guidelines for inscription remain vague. All this makes it difficult to
predict with any certainty whether the Hidaka Mountain Range will be recognized as a

heritage site.

The key feature of the Hidaka Mountain Range with respect to Macquarie Island, which has
already been named a World Heritage Site, is the difference between the exposed oceanic
crust for Macquarie and the island arc crust for Hidaka. The difference is geologically

significant, but may be deemed to be of research interest only.

Consisting of materials from the upper mantle, the Horoman Peridotite Complex is a key
sample of major stages in the Earth’s history and represents a key tectonic record for studies
of plate tectonics, plume tectonics, and magmatic activity, including terrestrial volcanic
activities. Nevertheless, if the peridotites are regarded as just one type of rock, the Horoman

Peridotite Complex may be judged to have value limited to specific fields of science.
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Iide-Asahi Mountain Ranges

and the Okutone-Okutadami Mountains!

1. Description of the Natural Environment

1.1. Iide-Asahi Mountain Ranges

1.1.1. Topography and Geography

Mt. Gassan, highest of the Three Mountains of Dewa, is a late Quaternary volcano seated
atop Tertiary mountains, while the Iide-Asahi Mountains are fold mountains made up of
granite and the Mesozoic-Paleozonic layer. Glacial, periglacial and nivation topography
(particularly in the Asahi Mountains) can be observed in these places, while a major
feature of the region is the formation of asymmetric ridges, where the topography is

significantly different on the east and west sides of the ridge.

1.1.2. Flora

Both the Three Mountains of Dewa and the lide-Asahi Mountains are mountainous areas
mainly covered in Japanese beech Fagus crenata forests. Impacted by winter winds, these
areas have some of the heaviest snowfalls in the world. As a result, the area has many
features that have resulted from heavy snowfalls — not only with a nivation topography
developing over the top of ancient glacial topography, but also wide expanses of “pseudo

alpine zone”, where the subalpine forest has not developed.

Below 1,500m there are expanses of F crenata forests (deciduous broad-leaved forests);
this region is appraised as having virgin forest remaining. Since Mt. Chokai, Mt. Gassan
and the Asahi Mountain Range are a heavy snowfall area, anywhere above 1,500m is
covered in deciduous shrub communities such as Quercus crispula var. horikawae and

Japanese rowan Sorbus commixta, Sasa kurilensis communities, and snow patch

' In the “Overview of the five candidate sites for the nomination to the inscription on World
Heritage List”, this area was mentioned as “Okutone, Okutadami and Okunikko”. Because
our main focus is the forests in Okutone ane Okutadami, this sheets called the area as
“Okutone-Okutadami Mountains”.
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communities. This zone is characterized by the formation of a “pseudo alpine zone”
between the normal forest zone and the alpine zone that is devoid of any subalpine
coniferous forests. The eastern side of Mt. Gassan and other mountains in the range is
sheltered from the winter winds and contains the highest number of snow valleys or snow
patches in the country. Snow patch communities have developed in these areas,

comprising a diversity of alpine flora.

The vegetation on Mt. Iide is characterized by many of the same heavy snowfall area
features as the Asahi Mountain Range, such as snow patche communities. There are
expanses of primeval F crenata forests up to 400-1500m; heavy avalanche areas divide
the beech forest, with Hamamelis japonica var. obtusata and other scrub plants growing
in these places instead. This area is characterized by the complexity of the vegetation
distribution and the vertical distribution. The beech forest floor is often dominated by

Camellia rusticana, which has adapted to heavy snowfall areas.

1.1.3. Fauna

In the Asahi Mountains alone there are 42 species of mammals, 102 species of birds and
15 species of amphibians on record. There is a general abundance of fauna. The overall
region has a high large mammal population distributed across a vast area, including the
Asiatic black bear Ursus thibetanus and the Japanese serow Capricornis crispus. Birds
include the Japanese natural monument golden eagle Aquila chrysaetos, as well as the
mountain hawk-eagle Nisaetus nipalensis, the northern goshawk Accipiter gentilis, the
peregrine falcon Falco peregrinus and other birds of prey. Insects include the 7rechiama
solorientis, T nivalis and T montislunnae, with unique species differentiation between

Mt. Gassan, the Asahi Mountain Range and Iide Mountain System.

1.2. Okutone-Okutadami Mountains
1.2.1. Topography and Geography
This is one of the heaviest snowfall areas in Japan, south of the divide between the Pacific

Ocean and the Sea of Japan. This has resulted in some unique natural landscapes
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impacted by the snow, characterized by avalanche chutes, gullies formed by snow melt
and periglacial topography. The Echigo-Sanzan mountain region was formed by
significant uplift in a relatively recent geological era and has taken on a steep erosion
topography. The Okutone region is at the southern tip of the Echigo Mountain Range has
a steep topography with the mountains at a level of around 2,000 m and also has a
stepped topography with nivation depressions and high amounts of residual snow even in
summer. The monotis fossil bed at the western foot of Mt. Mizunagasawa is the largest in
Japan at 100-150m thick and around 1,000m long and has yielded fossils with shells

attached.

1.2.2. Vegetation

1) Okutone

The distribution of vegetation is impacted by factors specific to heavy snowfall areas,
including avalanches, snow pressure, residual snow and snow melt. Due to the high
number of V-shaped valleys, valley forests typical of heavy snowfall regions have also
developed. The vegetation in the region includes a Fagetea crenatae area from 850m
(Lake Okutone) to around 1,600m above sea level, with Hamamelido-Fagetum crenatae
covering the moderate slopes and terraces in the foothills where there are few avalanches.
Nanoquercetum has become established in avalanche areas and on fallen slopes. The area
above 1,700m is characterized by communities of snow patch vegetation, with many
plants endemic to the northern region. Some slopes have beeches with trunks growing
down the slope while their tips slant up the slope. Due to the high snowfall and prevailing
winter winds, there are hardly any subalpine coniferous forests in the ridge area (pseudo

alpine zone).

2) Okutadami
The local vegetation is characterized by primeval F. crenata forests, substitutional
secondary forests following the logging of F cranata, and Erman’s birch Betula ermanii

forests, as well as subalpine broad-leaved scrub forests of Quercus crispula var.
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horikawae in the high snowfall areas facing the Sea of Japan. The Echigo-Sanzan

Mountains also have a pseudo alpine zone.

1.2.3. Fauna

Due to the diverse topography, geography, climate and vegetation, there are many
mammals, birds and insects in the area. There are 7 orders, 15 families and 49 species of
mammals confirmed in the region, including large mammals such as the Japanese special
natural monument Japanese serow Capricornis crispus, as well as the Asiatic black bear
Ursus thibetanus, the sika deer cervus nippon and the Japanese macaque Macaca fuscata,
and small and medium mammals such as the fox and the Japanese natural monument
Japanese dormouse Glirulus japonicus. Two rare species are included in the IUCN Red

List (the Endo’s pipistrelle Pipistrellus endoi as EN and the Japanese dormouse as LC).

The many birds, including the golden eagle Aquila chrysaetos, designated as a natural
monument of Japan, live in a variety of environments, such as the forests, the lakes and
the wetlands. There are 90 species of birds confirmed in the Okutone region and over 33

families, 78 species confirmed in the Okutadami region.

2. Proposed OUV

2.1. Heavy Snowfall Environment

There are very few regions in the Northern Hemisphere around 40° latitude that have
snow depths of over 1m outside of alpine zones. One such area is the northeastern United
States. The only mid-latitude area in East Asia to have snow depths of over 1m other
than Japan is the Changbai mountain range, spanning across northeastern China and
the Democratic People’s Republic of Korea. Japan has exceptionally heavy snowfalls for

the East Asian region.

In the mountain regions, seasonal winds containing water vapor hit the mountains and
are forced upwards, depositing high volumes of snow. The factors contributing to the high
snowfall include the abundant supply of water vapor, the strong seasonal winds and the

mountain topography encountered by the seasonal winds. The warm Tsushima Current
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flows through the Sea of Japan on the windward side of the Japanese archipelago,
providing high volumes of water vapor. In winter, Japan is sandwiched between the
Siberian High on the continent and the Aleutian Low, creating a very large pressure
gradient, a condition very prone to producing seasonal winds. As these damp seasonal

winds cross the mountainous backbone of Japan, they produce high volumes of snowfall.

2.1.1. Pseudo Alpine Zone

In this region, there are hardly any tall tree forests above the timber line; while it is the
same altitude as a subalpine zone, there are either only a few small subalpine coniferous
forests (Abies mariesii forest) or none at all, with the area instead covered by deciduous
shrubs such as Acer tschonoskil and Japanese rowan Sorbus commixta, or Sasa
kurilensis. This kind of subalpine zone without any coniferous forests is called a pseudo
alpine zone. The factors that contribute to a pseudo alpine zone are believed to include
snow pressure in heavy snowfall areas, strong winds, topographical factors and the

1mpact on the vegetation due to postglacial environmental changes.

Pseudo alpine zone landscapes are mainly found in the mountain areas between the
Tohoku and Chubu regions, particularly in the mountain areas of the Tohoku region, such
as Mt. Gassan, Mt. Chokai, Mt. Shirakami, Mt. Iwaki, Mt. Asahi, Mt. Iide, as well as
areas facing the Sea of Japan, such as the Echigo-Sanzan Mountains and Tanigawa
Mountains in the Joetsu Mountains and the northern part of the Northern Alps. Pseudo
alpine zones can also been observed in mountainous regions not facing the Sea of Japan,
such as Mt. Akita-Komagatake, Mt. Kurikoma and Mt. Adatara in the Ou Mountain

Range.

2.1.2. Impact of Snow Gliding on Vegetation

The phenomenon of a layer of fallen snow on a mountain slope sliding under its own
weight is called snow gliding. While snow gliding happens slowly, it has immense
pressure (snow pressure) and has a major impact on the tree forms and vegetation by

continuously applying snow pressure to the ground and plants on the ground.
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Snow gliding is propelled by a very high driving force on mountain such as Mt. Iide and
Mt. Asahi, due to the great depth of fallen snow as well as the steep mountain topography
with its deep valleys. Snow gliding and avalanches are thought to be a causative factor in

the formation of the pseudo alpine zones, bereft of subalpine forests.

2.1.3. Snow Patch Communities and Surrounding Vegetation

There are snow patches (nivation hollows) from Mt. Iide to directly under the main peak
of Mt. Onnishi. Mountain ridges with snow patches are wind-swept and easily dry out. In
summer, they become dry alpine meadows, home to chionophobous plant communities
mainly consisting of small shrubs such as Komebakazura, Loiseleuria procumbens and
Japanese stone pine Pinus pumila. The areas around snow patches are surrounded by
chionophilous plant communities often seen in heavy snowfall regions, such as Phyllodoce
aleutica, Trautvetteria caroliniensis var. japonica, Micranthes japonica and
Nephrophyllidium crista-galli sbsp. japonicum. The gravel beds in snow patches are fed
by spring water and are home to Saxifraga fusca, S. japonica and Epilobium fauriei. The
lowest snow patch areas are covered with communities of 7] caroliniensis var japonica,
Moliniopsis japonica and grasslands of Thelypteris quelpaertensis. Distinctive snow

patch topography has a concentric distribution of vegetation and a diversity of flora.

2.2. Fagus crenata Forests

2.2.1. Phytosociological System of Fagus crenata Forests

Fagus crenata regions in Japan have an annual mean temperature of 6-13°C and an
annual precipitation of over 1,300mm. Horizontally, they are cool temperate zones;
vertically, they are mountainous regions. Given these climatic conditions, the potential
center of distribution is east of the Chubu region and covers a wide expanse. F crenata
forests can be divided into five beech associations by a phytosociological comparison of the

differences in species composition (Fig.).

A comparison of the number of component species in the forest canopy revealed that the F

crenata forest group in the areas facing the Sea of Japan has an average of 2.9 component
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species, while the forest group in the areas facing the Pacific Ocean has an average of
10.3 component species. The species composition of the Sasao kurilensis — Fagetum
crenatae in the areas facing the Sea of Japan is also distinguished by having significantly
fewer regional differences. Consequently, F crenata in the areas facing the Japan Sea
have formed almost pure forests. This is thought to be because the high volume of
snowfall in winter keeps the soil moist from the beginning of spring through until early

summer, providing perfect growing conditions for ¥ crenata.

Fig. Distribution of Fagus crenata Forests (partially revised from Fukushima et al., 1995)
1. Sasao kurilensis-Fagetum crenatae

Sasamorpho-Fagetum crenatae
Corno-Fagetum crenatae
Lindero umbellatae-Fagetum crenatae

ou ks W

Sapio japonici-Fagetum crenatae

2.2.2. Beech Forests in Japan
The Fagus has a disjunct distribution throughout three regions of the world: Europe,
East Asia and North America. According to Fukushima et al. (2013), East Asian beech

forests can be divided into a further three classes. Beeches in Japan and the Republic of
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Korea belong to Fagetea crenatae, those in China and Taiwan belong to Litseo
elongatae-Fagetea and those in southern Yunnan Province in China and in Vietnam
belong to class of evergreen — broadleaved forests (class name and definition are still

undecided).

Japan shares many similar features with Ulleung Island in the Republic of Korea. The
Korean beech Fagus multinervis found on Ulleung Island also belongs to the Fagetea
crenatae. This class is characterized by having more deciduous trees than broad-leaved

evergreen trees.

While F multinervis forests found on Ulleung Island are similar to the F crenata
forests in areas in Japan facing the Sea of Japan in terms of growing into a pure beech
forest in a heavy snowfall environment and having a forest floor partially dominated by
Sasa kurilensisi, the forest floors are mainly covered with ferns. £ multinervis forests are
not distributed throughout the whole of Ulleung Island; in fact, the whole island is
smaller than Shirakami-Sanchi World Heritage Site (17,000ha) or the Oku-Aizu forest
ecosystem reserve (83,890ha). This means that Japan has a far more expansive area of

pure beech forests.

Like the beech forests on Ulleung Island, European beech Fagus sylvatica forests in
Europe are similar to the F crenata forests in areas in Japan facing the Sea of Japan in
that beech trees occupy most of the tree canopy. However, they differ from the beech
forests in Japan in that the species composition of European beech forests is only 1/5 to
1/6 of F crenata forests; they are less diverse than F. crenata forests and the ecology has

not been impacted by a heavy snowfall environment.

Unlike F crenata, American beech Fagus grandifolia almost never grows in pure forests.
It is characterized by growing in forests as a constituent species and mixing in with

evergreen forests in the northern United States.

F. crenata forests in areas in Japan facing the Sea of Japan extend from southern
Hokkaido (Okushiri Island, Kuromatsunai) to the Hokuriku region and include the

Shirakami-Sanchi World Heritage Site as well as potential World Heritage sites, such as
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Iide, Asahi, Okutone and Okutadami. F crenata forests in areas facing the Sea of Japan
are all characterized by a heavy snowfall environment and very little compositional

variation.

3. Comparative Cases

3.1. Primeval Beech Forests of the Carpathians and the Ancient Beech Forests of
Germany (Germany, Slovakia, Ukraine, 2007/2011, (ix))

The Primeval Beech Forests of the Carpathians and the Ancient Beech Forests of
Germany are a serial property comprising fifteen components. They represent an
outstanding example of undisturbed, complex temperate forests and exhibit the most
complete and comprehensive ecological patterns and processes of pure stands of
European beech across a variety of environmental conditions. They contain an invaluable
genetic reservoir of beech and many species associated and dependent on these forest

habitats.

The Primeval Beech Forests of the Carpathians and the Ancient Beech Forests of
Germany are indispensable to understanding the history and evolution of the genus
Fagus, which, given its wide distribution in the Northern Hemisphere and its ecological
importance, is globally significant. These undisturbed, complex temperate forests exhibit
the most complete and comprehensive ecological patterns and processes of pure stands of
European beech across a variety of environmental conditions and represent all altitudinal
zones from seashore up to the forest line in the mountains. Beech is one of the most
important elements of forests in the Temperate Broad-leaf Forest Biome and represents
an outstanding example of the re-colonization and development of terrestrial ecosystems
and communities after the last ice age, a process which is still ongoing. They represent
key aspects of processes essential for the long term conservation of natural beech forests
and illustrate how one single tree species came to absolute dominance across a variety of

environmental parameters.

3.2. Ulleung Island (Republic of Korea)
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Ulleung Island is a lava dome in a volcanic archipelago in the Sea of Japan, situated
150km east of the central Korean Peninsula coast. It is a tall and steep volcano that was
formed by the hardening of an eruption of sticky lava. The island is surrounded by cliffs
and has an elevation of 984m and an area of around 73km?2. Being in the Sea of Japan, it
receives heavy snowfalls in winter, like the areas of Honshu facing the Sea of Japan. #
multinervis forests are distributed from halfway up the island to its highest point. The
forests are nearly pure forest, with some mixing with Acer pictum Thunb. subsp.
okamotoanum and Tilia insularis. On the ridgelines, the forests are sometimes mixed
with southern Japanese hemlock 7suga sieboldii. While the forest floors are mostly
dominated by grass plants such as Maianthemum dilatatum and Acer pictum Thunb.
subsp. okamotoanum, some are dominated by S. kurilensis. This species is distinctive in £
crenata forests in areas in Japan facing the Sea of Japan; it has adapted to heavy

snowfall conditions.

3.3. North America

There are two species of Fagusin North America: American beech Fagus grandifolia and
Mexican beech Fagus mexicana. F. grandifolia is distributed across a wide expanse from
30° to 48° north latitude. Due to its wide distribution area, there is quite a range of
mutations in the species. The dominant species in North American summer green forests
1s more often oak in the Quercus genus than beech in the Fagus genus. Unlike F crenata,
F. grandifolia almost never grows in pure forests, instead growing in forests as a
constituent species. Due to the wide north-south expanse of the F grandifolia distribution
area, the species with which it mixes varies between areas. Particularly in the south, it is

characterized by mixing with not only summer green trees, but also with evergreen trees.

There are three main types of mixed F grandifolia forests, from the north to the south of
the distribution area.
- Acer saccharum - Fagus grandifolia forests: The northernmost or highest altitude type
of F grandifolia forest. The forest canopy is mainly made up of two species, A.

saccharum and F grandifolia, with a mix of summer green trees, such as Quercus, Tilia,
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Ulmus, and Asesculus. These F. grandifolia forests are the most like ¥ crenata forests.

Northern species such as Maianthemum and Dryopteris occur on the forest floors.

- Mesomorphic mixed forests: Located further south than the former, on plains and low
hills from Appalachia to Mississippi, with a tree canopy made up of a wide variety of
species as well as F grandifolia, Liriodendron tulipifera, Acer including A. saccharum
Tilia, Castanea, Aesculus, Quercus, and Tsuga. The proportion of F grandifolia tends to

increase on lower slopes and along water courses.

- Magnolia grandiflora - Fagus grandifolia forests: Found in Georgia, Alabama,
Louisiana, Mississippi, Florida and other southern states, these forests differ from the
types above in that they characteristically mix with evergreens. The forest canopy is
dominated by F grandifolia and M. grandifilora, with L. tulipifera, Quercus, Acer, Llex,

Liquidambar, Carya and other species mixed in.

4. Challenges

F crenata forests in areas in Japan facing the Sea of Japan (Saso kurilensis — Fagetum
crenatae) are distinguished by growing in wide expanses of nearly pure forests in areas
1mpacted by heavy snowfalls. They differ in diversity and composition from beech forests

in Europe, the United States, China and other places overseas.

Of Japan’s F crenata forests, the forests in areas facing the Sea of Japan extend from
southern Hokkaido (Okushiri Island, Kuromatsunai) to the Hokuriku region and are all
characterized by a heavy snowfall environment and very little compositional variation.
These include the Iide and Asahi Mountain Ranges, Okutadami, Okutone and Okunikko.
In consideration of these regions facing the Sea of Japan that are covered in F crenata
forests, it 1s difficult to have them listed as a World Heritage site solely on the basis of

their being puref] crenata forests, since the Shirakami-Sanchi site is already inscribed.
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The beech Fagus forests in Japan and Characteristics of forest vegetation in East Asia
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Features Fogus forests

The disturbance regimes vary among the different forest types. Small-scale
treefall gaps prevail in cool-temperate deciduous broadleaf forests.

Table 4. Summary of deciduous temperate forest types

Wi Cool
z Wined broadicall
broadleaf forest  broadieaf forest  conifer forest
Dominants Quercus Fagus Quercur
Conifers
Species richness  High Low High
Disurhances Treefall gaps “Treefall gaps Treefall gaps
Fire Fire
Big blowdawns ® Fogusmixesin with evergreen species in southern part of the distribution
[Makashiuka & lida 1965) area, while it mixes in with other deciduous species in central to northern
parts of the distribution area.
-The cool deciduous broadleaf forests domi iby Fagus are ® Fagus sylvatica, F. multinervis, and F. crenota are almost monodominant in

northern forests, as the portion of Fagus increases toward north,

® Fagus tends to contain key species for forest ecosystems, as Fogus species
often dominate the forests.

distributed only in the limited areas of East Asia.

Fagus in the wor Fagus forestsin East Asia
The phytesociological system of Fagus in East Asia is classified into 3 broad categorics.

® 11 Fogusspecies are distributed from warm to temperate zones in the

g Class | : Fegus creneto forests in Japan and £ multinends forests in Korea (Ulleung Island). The forests
northern hemisphere.

contain many deciduous species.

® Fogus forests occur under conditions of relatively humid oceanic climate. Class 1 2 Fagus forests in central China and northern Taiwan. The forests contain many evergreen species.
e — ST Class Il : Fagus forests in southeast Yunnan Province, China. The forests contain many evergreen species,
f[ 4 T = ’;%{y% b a5 this area belongs 10 subtropical zone.
2R \ y

AL _‘___m_% 3
= | s
\2\{/_\2}'; YHIF a0’ 4

Hukusima ot al. 2005) T T T v
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Fagus forests in Japan

® Fagus forests in Japanare classified into 5
associationsaccordingto species
composition,

Forests are almost monodominated by

Fagus in 5aso kurilensis-Fagetum crenatae | Saso kurilensis-Fag
association distributed from Tohoku region
to central Japan on the Sea of lapanside.
Fagus associations on the Pacific side are
basically richer in tree species and feature
high biodiversity.

Cormo-Fagetum crenatse (Hukusimaiatal 2008)

® ntensive dominance of Fagus in heavy snowfall region

Relationship between snow accumulation and
dominance of Fagus

o 100 4
g =
{5 LYo
2 &0 =
é‘ L
B aff g
z © Quercuscrispula
2 . ﬁ < & Magnobia ohovata
Fl o4 o Acerpictum
] 200 400 600 8OO
Depth of snow (mj

® Survival rate of the beech nuts during winter is higher in areas with heavy
snowfall than in areas with little snowfall

@ &) — (e)
Ly Mmj e deipr il

g

2 o o g

O s

{Homma o &/ 1959]

Summary of Fagus forests in Japan

® Fogus forests on the Sea of Japan side are considered to be a forest
vegetation that has adapted to heavy snowfall environment. Such
Fogus forests are unigue in the world.

(L EHERRE)

2. Analysis of the distribution area and fragmentation rate of
Fagus forests in Japan

The status of Fagus forests in each area was eval d by g itati lysi

their scale, coverage rate, and continuity.

Sort out areas on the basis of
in masses

Y
Extract areas with Fagus forests
which have certain scale and high
coveragerate

A4
Estimate fragmentation rate caused
by forest roads (overlap rate of
Fagus forests and forest roads)

Scale of Fagus forests and coverage rate

. Area of Fagus Coverage rate o
egien forest (ha) (%)
ML Wiaga  Katsug 122,702 313
Dsouthem Oshima
ekl 122,630 326
Blide-Asahi Mountains 97,124 19.3
Dkaga Mountains 78,830 22.8
G¥Sourthern Echigo 78,780 31.7
Dshirakami Mountains 53,658 26.3
ErHida Highland
Ahoortiing 51,518 157 |

Legend
Area of Fagus forest (ha)
~50000 (881}
1] 5000180000 (4)
I 20001 ~110000 (1)
W 0000~ ()
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Fogus forests and distribution of roads

Southern Oshima Mountains  Shirakami Mountains Mt Waga/Kamuro Mountains Sourthern Echigo Mountains  lide-Asahi Mountains

Summary of Fagus forests in each area
Fagus
forest Rate of Rate of
T K i i Area Area | fragmentation | continuous
Hida Highland Mountains Kaga Mountains ol [ [y
A cells)
Shll‘akan_‘\l 53,588 3.58 96.42 || Continuous Fagus forests
| Mountains $ with low fragmentation
Shirakiami-Sanchi e
(World Heritage 14,514 0.01 99.99
Site)
Southern Oshima
Mountains 122,593 5.04 94.95 Large-scale forests with
less continuity.
M. Waga/kamuro | 15 616 239| 9761
Mountains
lide-Asahi
Mountains 97,190 1.10 98.90 ¢ Continuous smaller-scale
Sourthern Echigo forests with low
Mauntai 78,530 1.33 98.67 | fragmentation rate.
Hida Highland 51596 2.84 g7.16 || Smaller-scale forests with
Mountains ’ ) ) Q less continuity
Kaga Mountains 78,865 2.48 97.52

3. Features of Shirakami-Sanchi

Video picture

Shirakami-Sanchi
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4. Heavy snowfall environment from Tohoku region to central Honshu
on the Sea of Japan side
Heavy snowfall environment

The area frem Tohoku region to central Honshu is one of the regions with the heaviest snowfall
and strong winds in the world,

This has resulted in unigue topography, plant communities, and distinctive natural landscapes.

Mear ridge
~Grassland communities
| e.g, wind-swept
o grasstand and altherbosa
*Snow patch
*Nivation holfpws
i Snow'patch vegetation

Near summit oy B g . \ ’
Paeuddo alpine rone B
Avalanche dhates
sope

Lower to middle
parts of the
mauntaing
Fovestsof
chinophilows Fagus

Heavy snowfall environment

® Jetstream (westerlies) and humid atmosphere on the Sea of Japan result in
heavy snowfall environment

CEig|

{Sugna J002)

Asymmetry ridges formed by strong wind and snowfall environme

low relief surface

(West) (East)

prevailingwind

— penglacial processes

{West side)

wind-swept grassland
Pinus pumilo cummunities

Pseudo Alpine Zon

#®  The pseudo alpine zone is a kind of subalpine zone (same altitude a5 subalpine zone) without any
subalpine coniferous forests, with the area instead covered by deciduous shrubs or dwarf
bamboo floor. This kind of 2one was established by heavy snowfall in postglacial period,

®  Pseudo alpine zone landscapes are mainly found in heavy snowfall environments from Tohoku
region to central Honshu on the Sea of Japan side.

alpins wilderness, grasdand. scrub sonifarous
* communities 7 sk
f coniterous o deciduous B deciduus
m farent brsadiea broadieat
K0 e by farant
R
(noath) [T} fsouth)  {north) {south) (north) {sonth)
A .
alyine one alpine one
2000 |
pseudo subalpine
sdpire
roaw |
maontane
1000 montane rone
| zone
A
() Thealps b hi lel Duw Mountain Range
Comparison of vegetation zones in the Alps and Japanese moentains [As for the Alps: Polunin &
Walters, 1985; partially modified) [Kikuchs 1997}

Avalanche slopes

Echigo Mountains

® Snow gliding (slow snow
sliding) and avalanches occur
on mountain slopes, forming
avalanche landforms and
unique vegetation landscapes,

114

Snow patch communities and surrounding vegetation

® Residual snow is observed until summer near the ridges. Nivation hollows are found
above the residual snow arca (snow patches). Due to time lag in snow melt and
excessive soil moi , snow patch ion appears sur ing the snow patches.
Due to strong winds, there are grasslands such as wind-swept grasslands in the ridges
and flat terrainsin the ridge areas.

(WM TMBLNF (LERF ST




{ide-Asahl Mountain Rangés

Ohulonc-o_l-:uﬁdaml//

Heavy snowfall
landscapeseg.
avalanche slope
nivation hollow

P and pseudo alpine

wone

Future directions

* Possible options
€ no action
€ nominate as a serial extension of Shirakami-Sanchi

€ nominate as a new site focused on unique heavy
snowfall environment

# renominate the whole site including Shirakami-
Sanchi, with the theme of heavy snowfall and
Fagus forests
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ISTL: Itoigawa-Shizuoka Tectonic Line
MTL: Median Tectonic Line

. NORTHEAST
JAPAN

£ \\\\\\\\\\\\\ )
£, Quter Zone
% Y\\\e
k ? Sanbagawa Belt

%y
2
%

s Tl [I[I1] chichibu & sanbosan Beits
utsuzo Tectonl =

BTL
Northern Shimanto Belt

-1 Southern Shimanto Belt

31v1d 21419Vd

\ Neogéne and

Pleistocene

Shimanto Belt

(Kano et al., 1986)
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Origin of Accretionary Complex Rocks
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Minami Alps (Southern Alps of Japan)

1. Description of the Natural Environment
1.1. Geology and Topography

The Japanese archipelago lies at the junction of four tectonic plates. The Honshu Arc is an
island arc formed by the subduction of two oceanic plates (the Pacific Plate and the Philippine
Sea Plate) beneath two continental plates (the North American Plate and the Eurasian Plate).
The Pacific Plate also subducts under the Philippine Sea Plate, forming a volcanic arc on the
Philippine Sea Plate known as the Izu-Ogasawara Arc. The northward migration of this arc

forces it against the Honshu Arc, resulting in the formation of the Minami Alps.
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ISTL: Itoigawa-Shizuoka Tectonic Line
MTL: Median Tectonic Line
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The mountainous region known collectively as the Minami Alps consists of the Akaishi
Mountains, the Minobu Mountains to the southeast, and the Ina Mountains to the west. The
Akaishi Mountains can be further divided into the Houo, Akaishi and Shirane Mountain
Systems. Thirteen peaks here exceed 3,000 meters above sea level, most notably Mt. Kita
(Kita-dake; 3,192 m) and Mt. Akaishi (Akaishi-dake). Glacial landforms such as cirques and
periglacial landforms such as patterned ground occur along the main ridge of these

mountains.

Geologically, the Shirane and Akaishi systems both mainly consist of Cretaceous to Miocene
accretionary prisms (the Shimanto Belt), while the Mt. Kaikoma and Houo Mountain System

are comprised of granite.

The accretionary prisms comprising the main body of the Minami Alps are geologic bodies
formed by the offscraping of oceanic basalts and pelagic sediment on the oceanic plate and
terrigenous trench sediment during the subduction of the oceanic plate and underplating onto
the continent. The Minami Alps offers an ideal field within a relatively small area for
observing pelagic sediment, including chert and limestone, rocks such as oceanic basalt and
terrigenous interbedded sandstone and mudstone, and geological structures and various
rocks associated with accretionary prisms such as mélange and fold structures. While the
accretionary prism of the Minami Alps shares many features of the Shimanto Belt
accretionary complex found in other parts of Japan, it is distinct in that submarine sediment

was rapidly uplifted to form the 3,000-meter peaks in this region.

This rapid uplift is the result of the ongoing orthogonal collision of the Izu-Ogasawara Arc
with the Honshu Arc. The folding induced by this collision has generated various tectonic
deformation events. In the southern parts of the Minami Alps, the geologic structures exhibit
a NE-SW strike, in contrast to northern areas where the structures exhibit a N-S strike.
Furthermore, geologic bodies of 10 km in width have been eliminated in the northern parts,
and the width of the Shimanto Belt is also narrower. Estimates indicate the structures have
been offset by nearly 160 km to the north at the maximum point of folding. Most orogenic
belts formed by crustal collisions are due to parallel or oblique collisions, wherein
mountainous regions are formed by simple uplift. In contrast, the folding of the crust observed
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in the Minami Alps is a direct result of orthogonal collision. This is unique among collisions
involving island arcs. The fold structure of the crust caused by this orthogonal collision is

considered the key to understanding the formation of the Japanese archipelago.
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The Minami Alps is believed to have uplifted rapidly within the past 1 million years at a rate
exceeding 3 mm/year, which corresponds to one of the highest rates recorded anywhere in the
world. In addition to this intense crustal movement, the region’s warm, humid climate
accelerates erosion by rainfall and streams and rivers. These regions are known as humid and
tectonically active regions; the Minami Alps, a mountainous region set in such a humid and
currently tectonically active environment, is among the world’s best examples of such regions.
In the Minami Alps, one can observe the well-developed V-shaped valleys formed by slope

failure and/or downward erosion by rivers and streams, as well as structures created by the
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1.2. Flora

Vertical distribution of vegetation reflecting the temperature gradient is apparent. Deciduous
broad-leaved forests, evergreen coniferous forests, Erman’s birch Betula ermanii forests,
Japanese stone pine Pinus pumila forests, and alpine plant communities are distributed from
low to high elevations. Located on the Pacific Ocean side of the archipelago, the region
features relatively sparse snowfall in winter but significant rainfall during summer.
Stretching approximately N-S, the mountain ridges are constantly exposed to powerful winds.
The extremely dry, cold environment has created a wind-swept site inhabited by unique plant

communities.

Located in an area where the northern limit of the southern flora found mainly in Southeast
Asia and the southern limit of the northern flora of plant species found on the Asian continent
overlap, this region is characterized by a rich diversity of plant species. (Indeed, it marks the
southern limit of the distribution of 180 vascular plant species.) The number of plant species
confirmed to occur above 800 meters in the Minami Alps include 1,635 vascular plant species
belonging to 138 families, 248 bryophyte species belonging to 51 families, and 98 lichen
species belonging to 15 families. Many endemic species occur here as well, including
Callianthemum hondoense, Artemisia kitadakensis, Ranunculus kitadakeanus, and

Comastoma pulmonarium subsp. sectum, all relict species from the glacial.
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Among floral species, one falls into category EN and four into category VU in the IUCN Red

List.

1.3. Fauna

Animal species confirmed present above 800 meters in the Minami Alps include 39 mammal
species belonging to 15 families, 102 bird species belonging to 35 families, nine reptilian
species belonging to four families, nine amphibian species belonging to four families, 10 fish
species belonging to four families, 45 terrestrial and freshwater gastropod species belonging
to 16 families, and 2,871 insect species belonging to 179 families. More than 30 species of
mammals occur here, including the Japanese serow Capricornis crispus (special natural
monument of Japan) and the Asiatic black bear Ursus thibetanus (VU, IUCN Red List). The
mammalian fauna is consistent with that characteristic of mountainous regions in the central
Honshu region. Fifteen species (two families) of bats have been confirmed to occur here,

making the region one of Japan’s most important bat habitats.

Isolated, relict bird species from the glacial are found here. The region marks the southern
limit of the global distribution of rock ptarmigan Lagopus muta (special natural monument of

Japan).

While certain endemic insect species are encountered here, many of these species are also
found in the Central and Northern Alps. The region marks the southern limit of the global
distribution of alpine and subalpine insect species commonly found in the northern Eurasian

continent and the peri-Arctic sea regions.

2. Proposed OUV

The region is unique in that it is a representative example for an ongoing geological process of
topography formation: (1) The formation of this mountain range strongly reflects the world’s
highest rate of tectonic uplift and the dramatic erosion associated with this uplift; (2) the
formation of 3,000-meter peaks by the orthogonal collision of the Izu-Ogasawara Arc with the

Honshu Arc offers a unique instance of accretionary prism formation accompanying plate
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subduction; (3) the region is a locus of ongoing tectonic deformation, where crustal folding

induced by the orthogonal collision of two arcs is currently underway.

The accretionary prisms comprising the main body of the Minami Alps consist of geologic
bodies formed by oceanic lava basalts and pelagic sediments on the oceanic plate and
terrigenous sediments deposited in the oceanic trench scraped off during the subduction of the
oceanic plate and accreted onto the continent. Within a relatively small area, the Minami
Alps offers an ideal field for observing chert, limestone, and other pelagic sediments, rocks
such as oceanic basalt, terrigenous, interbedded sandstone and mudstone, and the geological
structures and various rocks associated with accretionary prisms, including mélange and fold
structures. While the accretionary prism of the Minami Alps shares some features with the
Shimanto Belt accretionary complex found in other parts of Japan, the region is distinct in
that one can actually observe the results here of the rapid uplift of submarine sediment from
depths of 5,000 meters on the seafloor to form 3,000-meter peaks—a total uplift of 8,000

meters—followed by dramatic erosion.

In many parts of the Shimanto Belt, features typical of accretionary prisms are visible in the
lithofacies distribution and structures. While accretionary prisms are now widely known to
exhibit structures distinct from normal geological stratifications, this fact was first shown by
biostratigraphic studies carried out on the Shimanto Belt in Japan using radiolarian fossils to
determine the precise age of geological strata. Such studies and the availability of many
favorable outcrops that enable such studies have made the Japanese archipelago, and
especially the Shimanto Belt, part of the frontlines in the study of accretionary prisms, where
large numbers of domestic and foreign researchers compete with one another. The Japanese
archipelago and its surrounding seas are considered to be a type locality of accretionary
prisms, and the results of biostratigraphic studies here are regarded to be the most precise

anywhere in the world to date.

While the Minami Alps forms a section of Shimanto Belt and exhibits rocks and structures
typical of accretionary prisms, outcrops suitable for observation occur along the coastlines of
Shikoku and Kyushu regions and Kii Peninsula, making the latter regions representative
fields for research on the Shimanto Belt.
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Chert—Near Tenguiwa Rocks in Mt. Shiomi
(Shiomi-dake)

Chert is rock formed by the sedimentation of
radiolarians, which are plankton with
quartzone shells, on deep ocean floors several
thousand meters deep. The chert found in the
Minami Alps tends to be red, the source of the
name for the Akaishi Mountains (“aka” and
“ishi” meaning “red” and “rock” in Japanese,

Pillow Lavas—Near the South Akaishi
forest trail in Mt. Ofuda

Pillow lavas are rock formations with a
thin membrane-like surface formed when
lava extruded on the ocean floor is rapidly
cooled by seawater. The pillow lavas in the
Minami Alps were basaltic lavas that
originally covered the surface of the
oceanic plate and were subsequently

Mélange:

a relic
Zones—Near Ikenotani along Sumata River

Meélanges are rock formations that appear
to consist of jumbled up fragments of rocks
from geological layers that have been

of the Subduction

broken up and mixed. They are
characteristic features of accretionary
prisms. Many of the mélanges found in the
Minami Alps are believed to have been
formed as the oceanic and continental
plates pushed against each other at the

respectively). incorporated into the accretionary prism.

plate boundary.

(A7 VT REMBHRERE)

3. Comparative Cases

3.1. A mountain range formed by tectonic uplift at the world’s highest rate and subject to

dramatic erosional processes
= Southern Alps in New Zealand

Substantial uplift (maximum rate of tectonic uplift during the Quaternary: 17 mm/year) is
found on the eastern side of the Alpine Fault of the Southern Alps and along its line of

extension.
= Central Mountain Range of Taiwan

While the scale of the mountain range is grander than the Minami Alps of Japan and the rate

of uplift is presumed to be high, studies to this point have not generated adequate data.

3.2. Folding of the Crust Due to Plate Collision
» Three Parallel Rivers of Yunnan Protected Areas (China, (vii), (viii), (ix), (x))

The region provides an invaluable record of geological history over the past 50 million years,
including the collision of the Indian and Eurasian Plates, the closure of the Tethys Sea, and

the uplift creating the Himalayas and the Tibetan Plateau. While this region represents a
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plate collision orogenic belt, its geology differs fundamentally from accretionary prism

formations.
= Swiss Alps Jungfrau-Aletsch (the Swiss Confederation, (vii), (viii), (ix))

The region is a remarkable example of the Swiss Alps, formed as the result of uplift and
compression starting around 20 to 40 million years ago. One notable structure is the
overthrust in which a crystalline rock mass dated at 400 million years ago is observed on a
younger carbonate rock mass. The region also offers a rich variety of geomorphological
features, including U-shaped valleys, cirques, horns, valley glaciers, and moraines. While the
region is an example of a plate collision orogenic belt, its geology differs fundamentally from

accretionary prism formations.

3.3. Accretionary Complex
» Western Japan (the Shimanto Belt)

The stratigraphic group referred to as the Shimanto Belt distributed along the Pacific side of
the southwestern Japanese archipelago and including the Okinawa Islands is recognized as a
typical accretionary complex. The Shimanto Belt is among the world’s most extensively
studied accretionary complexes, and the results of this research have contributed
significantly to the international study of accretionary complexes. Major portions of the

Minami Alps consist of rock formations belonging to the Shimanto Belt.

In 1976, a geological survey carried out on land confirmed the presence of an accretionary
prism, prompting the initial proposal of the concept. Combined with results of marine
geological research, the results of subsequent age determination studies based on radiolarian
fossils and paleomagnetic investigations of the Shimanto Belt have led to the development of
a more detailed theory of the formation of accretionary prisms. Since then, numerous studies
of accretionary prisms and complexes have resulted in the elucidation of structures unique to
accretionary prisms, reconstructions of oceanic plate stratigraphy (from the bottommost

oceanic basalts, to pelagic sediments including cherts, to semi-pelagic mudstones, and finally
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to terrigenous interbedded sandstone and mudstone, or turbidites), recognition of the

significance of mélanges, and the proposal of a model of accretionary complex formation.

Cape Muroto (Muroto-misaki) in Shikoku is a designated global geopark due primarily to its

significance as part of an accretionary prism.
» Te Wahipounamu - South West New Zealand (New Zealand, (vii), (viii), (ix), (x))

This region is a prime example of glacial landform. While an accretionary complex is believed
to be present here, the characteristic features of an accretionary complex are not precisely
described. High altitudes, snow cover, and glaciers present significant obstacles to scientific
investigation. Studies to date have been inadequate. A tectonic history of its formation has yet

to be established.
» Barbados (Barbados, Tentative List)

The Scotland District of Barbados features an exposed accretionary complex formed on the
ocean floor at the junction of two crustal plates, the Caribbean and Atlantic Plates. In terms
of surface area, the exposed accretionary prism is at a significantly smaller scale than the

Minami Alps.
= The Jurassic accretionary complex in Western Japan (the Chichibu Belt, Mino-Tamba Belt)

Widely distributed to the north of the Shimanto Belt, these belts share many features with
the Shimanto Belt. A relatively continuous combination of chert, vari-colored shale, and
turbidite can be found here. Together with the Shimanto Belt, these belts are among the

world’s best-studied subaerial accretionary prisms.
= Cascadia accretionary prism

This accretionary prism was formed by the subduction of the Juan de Fuca plate beneath the
North American Plate, accompanied by the subduction of thick sediment deposits. The region

has been extensively studied as part of the ODP (Ocean Drilling Program).

» Kodiak accretionary prism (Aleutian arc)
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Cretaceous mélanges and late Cretaceous and Paleogene turbidites are distributed within the
Kodiak accretionary prism. This accretionary prism exhibits stratigraphy and scales similar
to the Shimanto Belt. Numerous papers on the Kodiak accretionary prism have been

published.
= Franciscan Belt (West Coast California)

Complex structures consisting of sand and mud interbeds, basalt, chert, and metamorphic
rocks occur in the Franciscan Belt, along with mélange zones. While the stratigraphy
resembles the Shimanto Belt, no conclusive reconstruction of the oceanic plate stratigraphy

has been made.
= Southern Uplands (southern Scotland)

This mecca of accretionary prism studies features numerous classic outcrops. The
stratigraphy of the Southern Uplands resembles that of the Shimanto Belt, with basalt, chert,

and red shale distributed, along with turbidite.
= Northern Italy (from Northern Apennines to Bologna area)

Oceanic plate sequences from Cretaceous to Quaternary are distributed in this region. Due to

its unique lithofacies and structure, the region is a type locality for olistostrome and scaly

cleavage.
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Vancouver), the eastern part of the Aleutian Trench, the Java Trench off the coast of Sumatra,

the Hikurangi Trench (New Zealand), and the East Mediterranean Ridge.

4. Challenges

The main issue is whether a representative example of an accretionary prism and/or whether
landforms and stratigraphy preserving the history of plate collision in island arcs holds
universal value. In addition, in terms of being a type locality for the Shimanto Belt, Shikoku
and other regions in western Japan feature far more outcrops suitable for observation and
have been extensively studied. Thus, those regions may be considered better representatives
of the Shimanto Belt, and it is possible whether the Minami Alps as a whole fulfill the

conditions of integrity of an accretionary prism will come into question.

5. Additional Explanations on Accretionary Prisms
5.1. What is an accretionary prism?

= Accretionary prisms are fold and thrust belts consisting mainly of ocean trench sediment
formed along subduction zones. The sediment on the downward subducting oceanic plate is
continually pressed against the tip of the continental plate, subsequently detaching from the

oceanic plate and accreting onto the continental plate. (offscraping and underplating)

= Accretionary prisms generally incorporate materials such as basalts on the topmost layer of
the oceanic crust, oceanic sediment sequences consisting of limestone, chert, shale and
pelagic sediments such as fine-grained clastics deposited onto the oceanic crust over

extended timeframes, and terrigenous turbidite (interbedded sandstone and mudstone).

= Most of the materials constituting an accretionary prism are terrigenous and began as sand
and mud flowing into the trench regions from land, eventually becoming part of the land
once again as they are accreted onto the continental plate. Thus, the production of

voluminous sediment due to active erosion on the land side as well as waterways for efficient
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transport to the trenches is required to form an accretionary prism. Such active erosion

processes generally require high mountain ranges.
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5.2. The Significance of Accretionary Prism Studies
Some arguments for the significance of accretionary prism studies are given below.

= Accretionary prisms record the tectonic history of subduction zones. While most of the
materials of an accretionary prism are terrigenous, they also include mantle-derived
materials (fragments of seamounts and even ocean plates). Accretionary prisms also play a
vital role in continental development, in addition to the formation and exhumation of high

pressure metamorphic rocks and the generation of island arc magmas.

Since subduction constantly pulls ocean floors back down into the earth’s interior for future
renewal, modern seafloors do not preserve records of ancient seafloors. However, geological
research shows accretionary prisms contain fragments of ancient seafloors. These fragments
allow scientists to gather information on ancient seafloors no longer found anywhere else on
earth and have extended the reach of ocean floor research by several billion years at a

stroke.

The existence of accretionary prisms alongside high-pressure metamorphic rock also
provides evidence that the processes of plate tectonics had already been established at the

time these formations originated.

In many parts of the circum-Pacific region, accretionary prisms underplated in the past now
lie exposed on land, having become notable features of the geology at continental margins.
In Japan, which is one such margin, the geologic formations younger than Mesozoic are
mostly constituted by metamorphic belts and fold belts associated with the subduction
process. Thus, a deep understanding of accretionary prism formation is essential for
understanding the solid-earth science related to the Japanese archipelago and its

surrounding regions.
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Minami Alps (Southern Alps of Japan) field guide

S-6 Arakawa Sanzan (Three Peaks of Mt. Arakawadake)

From west to east, the Arakawa Sanzan consists of the Mt. Maedake (3,068 m), Mt. Nakadake
(3,083 m), and Mt. Warusawadake (3,141 m), all located along the ridge running E-W that
branches off from the main ridge towards the Senmaidake (2,880 m). Cirques, linear

depressions, and large-scalelandslides are found along the ridges.

The areas near the Warusawadake summit are comprised mainly of greenstone masses,
accompanied by masses of red chert. The areas near the summits of the Mt. Maedake and Mt.

Nakadake are comprised of sandstone masses belonging to the Akaishi tectonic zone.
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S-1. Upper reaches of the Oi River and Sawarajima Area
Located on the ridge sandwiched by the mainstream of Oi River and Akaishisawa River, the
Ushikubi-toge mountain path is where stream piracy between the two rivers is beginning to

take place.
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The formation consists of interbedded sandstone and mudstone that began as turbidites
filling the trench. One observes an almost continuous outcrop extending over 100 meters in
width and 10 meters in height, with asymmetrical folds having half-wavelengths on the order

of several meters to several tens of meters.
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S-3. Akakuzure and Bocchinagi

Akakuzure is among the largest landslides in the Southern Alps. The large scalelandslides of
the Southern Alps are characterized by flattened ridges due to the development of linear
depressions accompanying toppling near the ridges, head scarps positioned immediately
below the ridges, and alluvial fans or alluvial cones of displaced sand and gravel formed by

the mainstream flow.
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S-10. The Inui Tectonic Mélange Near Senzu

A mélange belonging to the Inui Group is distributed widely in the Senzu area. The main
constituent of the Inui Mélange is a body of mixed rock in which sandstone masses of variable
sizes are irregularly scattered within a mudstone matrix. Masses of greenstone are also found
in the mélange. The asymmetrical structure of the mélange suggests that it is a tectonic
mélange, formed by shearing action, with the direction of shear close to parallel to the strata.

M¢élanges are characteristic features of accretionary prisms, and among them, tectonic
mélanges that have incorporated greenstone and chert masses preserve a broad range of

information on plate subduction.
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NY-2. Active Fault System of the Itoigawa-Shizuoka Tectonic Line: Shimotsutaki Fault

A major fault that transverses the central Honshu region in the N-S direction, the
Ttoigawa-Shizuoka Tectonic Line forms the boundary between the volcanic arc
(Izu-Ogasawara Arc) and the zone of geologic formations more than 20 million years old to the
west. The Itoigawa-Shizuoka Tectonic Line is a left-lateral strike-slip fault with an estimated
displacement of approximately 12 km. Part of the fault has been designated a Class A active
fault. Exposed tectonic reliefs and fault outcrops are visible along rivers and streams and

their terraces.
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Y-1. Mini Grand Canyon downstream of Kokkai Bridge and the Hakushu Fault

Measuring approximately 10 meters deep and 10-30 meters wide and stretching for 2 km, the
“mini Grand Canyon” is a nickname given to a gorge topology created by the undermining of
the Kamanashi River bed by torrential rains during a typhoon in September 1982. The lower
portion of the terrace cliff on the left riverbank features a thrust fault outcrop in which a

granite body is overthrust onto a gravel layer dated to 25 Ma.
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Y-2. Active Fault System of the Itoigawa-Shizuoka Tectonic Line: Tozawa Outcrop of the
Shimotsuburai Fault
The Shimotsuburai fault is located on the boundary region between the river terrace created

by the Kamanashi River and the eastern foot of the Koma Mountains. In this region, a middle
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Miocene granodiorite body has been overthrust onto a gravel layer corresponding to the

lowermost terrace (dated to several ten thousand years ago).

This outcrop provides evidence for an active fault on the topographic boundary between the

mountains and the plains.
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fERPIRCE RS, IR (B4R 2 /ELBEEICE EL T D,

it & SRR & O TS FUIEWTE A E T 5 2 &L 2 BT B TH 5.

Y-3. Active Fault System of the Itoigawa-Shizuoka Tectonic Line: Tectonic relief Associated
with the Ichinose Fault

The Ichinose fault consists of active fault groups on the boundary region between the Kofu
Basin and the Ichinose Upland and the Kushigata Mountains to the west of the basin.
Exhibiting significant displacement, this is the region’s most active fault. Tectonic reliefs
accompanying active faults are readily observed here. The activities of the
Shimotsuburai-Ichinose fault and the Hakushu fault to the north are believed to have driven

the westward tilting and uplifting of the main body of the Southern Alps.
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