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RED [EIE AL 2 E RAICFHIT T 5 & & 2 HAY & U7 IELIRERB R s hre . REBRICEEL, &%
WIRBPEC B 2 577 9 ¥ NZ XM 2 R RICTERED e 2 YIRS T S 7z . HELLEE OFER, TERFIIHE
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fHAm AR U7z, £z, FHIC L 2 WEEE D ZICIIMROMEAREE 22t s ¥, MKRELETH 55
VOWEZ DI, FFERP S, EREHELIC X 2 ERRRFHEAOZE L LT, FHICIEBARD
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Transitional features of the ecosystem state and carbon dynamics after
an episodic typhoon disturbance in a northern forest in Japan

Motomu Toda!, Karibu Fukuzawa? Masahiro Nakamura? Motonobu Tanaka?, Toshiya Yoshida?,
Hideaki Shibata?, Xin Wang', Sachinobu Ishida®, Rie Miyata*

To assess the effects of typhoon-induced disturbance on vegetation state, foliage, and ecosystem carbon
dynamics, we conducted a manipulation experiment to simulate typhoon disturbance in a northern forest in
Japan. The experiment simulated a less intensive disturbance than one that would cause stand replacement,
forcing the vegetation to form an alternative stable state. We ripped away most of the foliage from the
overstory trees in an established plot. Three years after this disturbance, the foliage had recovered to one-third
of its original state before the disturbance occurred, whereas the photosynthetic rate was markedly higher than
that before the disturbance. The structural changes in the foliage of the overstory trees after the disturbance
resulted in a brighter light environment at the forest floor, which favored the growth of understory vegetation.
These results suggest that from a long-term viewpoint, widespread understory Sasa vegetation may disturb the
regeneration of tree seedlings, creating an alternative stable state in which Sase dominates in the next generation
of the forested area.
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1. EU®HIC

DUHT & 0 TEB IR % F 2 BT & B
DRIEEE BT T 2 RADN R ENT W EH, AR Z
DS & \EDRIEEINALE S HEDEBR ML Z &
MTEL (HE, 2012). INETOWELS, @ED
SUEZBN I BE 0 S BT FRA DR WK A 7 — )T
BI-oTWwaZEMNREN, HHEXZOKBELET TR
B« SECEBRDIET Z ETCBRBEICHIGLTE ., EFZ
shTwz (Fl, 2012).

—hT, EFEASNDKUELEIMNER LD L VR
R R 7 =V TORBEBELEE D BENEL L, 2251
BREREROBENG > TWE ZENERHINTWS
(Lloret et al., 2012 ; Wei et al.,, 2014 ; IPCC, 2013). Z
DZFEHIR OB HEE OBHTTFHNIEL <, 2wz
ERERNDOREZRLOFE " ERIICTHIT & 2 BRI
FESTww (B, 2012). L7edi>7T, S%FHE
SN D RUIBEZAL R s BRBR DR A BRI R

O IEMEZFHE & FHIZIT D fooiid, BR2 ki
ZHE LI AR L L TORBRIZE 21T\, 2R
JEED A H = AL EBHRT 2 2 ERNEMRT Fa—F 0
—DEFEz 615 (eg., Foster et al., 2004) .

dtipE i H2ET % &, IhE CIZEICHEOEE L
THFE LB RDICEE I BT 2HE IR &L, &
Te AN L2 2§ 2 MERVRTRIC A D BERY (RMN) i
A7z ERKE nRERLFLSBERELTHL 23k
motz (BZ21E, Hili, 2005). L L, drETREE
DR D < SPARE TIEFIA T & 2 WIRDIEWN
BHTHLRERINTE D, TS IHEORESAERER
ARZ BT S R - RIAMK R 7 — VT e x
iz el taicEzohs.

2004 ££ 9 HWIfk, db¥EEIC 50 FEic—F L wbn bk
RN EREL , AR FRE TR 2B E 4 U
7o, BEO_LEELEID? S, BN OB O TIIE
RO ANVF — - RETFROBHEXHNE LT 7 —
75w 7 ABHRERE T I0, %O FTaHIE
ZORBEEDZE TR O KBRS RO
MDA E 221 2 FOFEE L -7z, JhmEdt
EROACHBERFAL T EE 7 « — )V R R > 5 — (B
T, ALK FSC) « REENIFEMAIC B W T b FEIREHIC 2 ©
DET—7 7y 7 ABFAER SR IT oW TW. Zh
S OFAEX TIRFHIEER MO IIFEVwIC L Tin,
BEETBRORR « 77 v 7 AT —8 ZHfatld 5 2 &
WTE72. Toda et al. (2011) 1%, 2004 25 2008 4F
¥ CHRFAERD—DTH 5 57 & > N\EbkS TS &

NIz 729 7 AT =Y R{Tv, ARIEERICY 7
A YNDIERRLRICR S TRITI N2 WENEL, 20
BRF T DTz > THRRDOREBHEN Z OHHOFE L
STz e RHE L. Wi, ERROR—REESR
(Gross primary production, GPP) ZFfEf&#E & & b
WHESHNL, 20 GPP O > TIERAEREREER
(Net ecosystem exchange, NEP) ®HIfIL7- &5 %
DThH-o7z (Todaetal, 2011). LrLEGHS, 20—
HOBHIPIFRIC B W TIE, MOOESETH L5 7 h >
2N DEEEN A BRI HIBTNGR B ORI T 2T
N3, 2D NEP ODELZZELEF S I LIERR
JIEEDOBEROFIHICIIES ot (f@E, 2014). Z
T, EESWBFY T -7 7y 7 ABRIMTbILTOWIZW
FEFFEMRN DY A b &R EERE 2 FFD 8 7 5 N
MREFRI, 2004 4 L [FIFRE O & RGEE 2 E LB
G BR AR X 2 72 kT, Lm0 EAE B
(Frc S o2 cEH), MEv VoG, T
BRFE 7 7 v 7 AOHELE L ERINCFHET 2 2 L %
B & U7z B R EERR 2 i L € & 7. Rim sl
ERTH o O >»0OMAEZRL, SEBLMELEINS
FEIZOWTEHE L.

2. BESE

2.1 BHAYA NEIDOKIES KUBEDFRHE

HARDE L O ALE 3 2 JLdhE 35 4 % d P £ h
TW3 2 EpoEBHEEREOOEVLEY. B2k A
R— 7B L2 T 2 RRED» S DT {HZE LTz
EEPENNREHT Z EnoBimER D, XFT|IEY
NN T oD L WESHRER T ik, B
HAWHNE—F O OB b 2 2 5l
WeERD., 2O, BNOE O TCIIB L 2 11
Haro 5 Qi THiIRIIES cE b, ZOFEIC X
D WA D A E HAR AN O FA T

a5 B ER 23T b 7 JbRE AL D FEE R
WiEB &£ 0.5~5°C, FREARIZ1000~1800 mm D
fiIch 2 (K1), Bz, WESTCRKIROE TRE
L HERMAE (EIANITRTE) 1T HAROLIARIES
BETSLILETH L (—41.2°C, 197842 H 17T H
FNRERFFEMRIC & 2 ) .

[RIHIE I 2 & 41 2 BEEE A O RRFE R 1 $FEERT & 1L 55
PR L ISR TH 2 (NG, 1987). %z,
W AR O 72 DB b IAFFC IR 0S > T 5 . KA
RN IEZAL T ¥ 7 KTREERE L EIE N S EIEER DA
BB TH 20 >N (AN FRA N FIE) 235 <L
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Figure 1 . Diagram of the global biomes classified in rela-

tion to temperature and annual precipitation. The Hok-

kaido region is represented by the shape filled with back-

ward slashes, and the taiga region by the shape filled with

dots.

BELTWE ., —BIh v N EIRSEE RRE R A, &K
INTREZOBWES IS 228, b Ed 3138
BHUICHIRT 2 X5k s, JLEETCIHEI»S B L%
15 1000 m FREE DO FRARBRFA L £ CIAHPHIC A9 5
(P55, 1995 ; e, 2002) . & > NHEIZAG T REEES: O
SEERFETH VRN IZ T IC Y T h N, EETEENS
B BIZES T B 2 NDHENIT A EANC & D 2 HiH HEL
ENDEINSOERTIERL EE L TR ERAT

\sallF T TR

e E S 23

3. Fiz, JLiEEICEOFMMAE CIIMIREE L LT
AP RF I INEEL T DE I EBRHMELT
27 515 (Noguchi and Yoshida, 2005) . &4 L7z
FIIRAMROFEFEEBICHET 21300 T, HER
FBRERCHEERREN 2RI L T b (Fukuza-
wa et al.,, 2006) . Z OHUIEKTIX, YV i2 X ZEAKROFEH
PR % B3 % 729, 1970 SR DARE, EHEZH VT
VERETEREMBIEE @ESEIL) »MTbhTs
D (Yoshida et al., 2005), FOD#EER, 77 H v IN"RK
MWL EHL WS,

2.2 BRIRELEMER

FAHIL, WREUTFEARATR) IR O _EWES (44°N 257
587, 142°E 12’437, 470 m a.s.) A& 3 5 Ml 19 4
4 2011 FEBE) OF T h o \HETHSE (M2). B
SLEMRTEDLZE (2010 4F 11 ), Mo cHEEL* 5 2
ZWI0mX10m o 7uy b (LT, X Control
£9%) &, BRI X 2 EEEEE LRI OMEIER
21T WELAEX (PAT, QX Treatment & 9 %)
BT S, FFEXPLTCRHIPRE, REkSS%
HEST 2y y—nHEFI (2%8E, 0.05m,
0.30m). Z4EE (2011 F8 H) WCREHEX CEAH
Eftoniz. ZORRT, LUHXE X OHRKICE T
2 R ARAEAR X 2 #1198 A/100 m?, 144 4%/100
m?, M WiE R A E X 0.18 m?/100 m2, 0.21 m2/100
m?, FHEEEIE35 (1.9 cm, 3.2 (1.7) cm
(FEIMN IAZHE R ) CTholz. 7 h AR,
EWER AR T 2% 2 O TB Y, BEEEIZB X % 7-8

Fima ¢

7 e

2 ABRFRES B ofEFR (umEiRinATEFE, a7 EYE 7 4 —v ¥R e v 5 — TR ERf

W) . BAISRREIEMTE 2R .

Figure 2 . Overview of the Uryu experimental forest of Hokkaido University in northern Japan. Closed and open circles
indicate the observation point and main station in the Uryu experimental forest, respectively (44°25’58” N, 142°12’43” E, 470

m a.s.l).
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BE1: (a) HEEE (LRSS 7 5 >N Betula ermanii % f§3E) EBROEERS, (b) BEERIFE O L X 18 ORI,
MR B ETCEDLNLTWS . (o) HIBIEFEZOLEXICB T 2AKESR (a5 c i3 2011E9H 1 H, 15 HiR
), (d) B E» S 3ELONFERIC BT 2 KRS (2014 48 H 18 Higw

Photo 1 : Overview of the disturbance-manipulated plot.

(a) Technical staff and students defoliating the overstory trees,

Betula ermanii. (b) After the treatment, removed foliage covered the forest floor. (c) and (d) show the forest floor just
before manipulation and three years later, respectively. Photos (a) to (c) were taken on September 15t or 15%, 2011 while

(d) was taken on August 18, 2014.

mTh-o7z.

201146 H, Bige L 7-EXMICE & 8m OBIHl ¥
T —MEE S, 2011 FEREK, 2004 £ O KBS R E]
kU7ZH (9H8H) &IZIZFEEIC, MEX TR
EGErEd) WomcsdcEmI N (9H1H, 9
A15H) (BE 1 (a). HELAEER, HKICIIE
BT 7 oNERE 2 E Y (BEE1 (b)), 2011
9 H 15 BiR®) , WEMEEORE THRRERD Y 9 »1—
KEc e < e o7 (BEE 1 (o), 201149 A 15 HiE
). LU, BELAE & 3 FR8E L 72 2014 4Tl
HRICB T2V PHUEEL, MEZLLEBDIZLD
72 (BE1(d), 2014 £ 8 A 18 HIRE) .

2.3 T—YIUNER
2.3.1 &8T7—% - TETREEDE

ALFR X &St DN 3% 7 SR o B 4 7 — 11k
011 FE7HERR e Y —, HHEBRRE=SHI X7,
7 — & PSRRI D () & f . 4ER 208 U CEH
ENTWDE—RARER IS EE (CPE-NR4,
Kipp&Zonen, The Netherlands), & 5&E %0 S
(PAR) & (CEK-ML020P, EKO), & ¥ & ¥ i
(HMP155, Vaisala, Finland), F&HEEEE (SI-111,
Campbell, USA) = T, i, FHBXOHRLICH
FENI-HREET (C-PTG, Climatec, Japan) & 137k
535t (CS616, Campbell, USA) THs>N 2T —% L Of

¥ C 1040 /g7 —2% g — (CR-1000, Campbell,
USA) Icid#ksns. @Ek (6 B) »o5&EF (10
A1) OMERBHIRICIE, ¥V — EEBIcEE S Wizl
7N ES (CTKF-1, Climatec, Japan) TR&EDSE
W, 7z, WHK, SEEOEFLIIC IR S
B 2 m W EAEEEEE (Model010C, Met One Int.,
USA) & PAREF (ML-020, EKO) 2&ESINTWS .
BE2m IIMEKEETH 2V OELEZ EH-> T
5. Zhe0eRET—5 3EEHE, —H—REFIC
TP NIHRERIN T 5.

MO EMNIC B 1T 2B 2 [FRFICETEIS 2 2 & T,
FEAROEWINEZFHETE 5. 22 TIX, N, -
WRE SN PAR 2 Y=o XA L D EHICL S
e (Absorbed PAR) ZHEH L 7.

APAR = PAR:ops — PARtop1 — PARsm: (1
Z 2T, PARwp: & PARwpt 1, ¥ V—LESCRIHI X
nl-FrTmE (Ra»oHiifgm), EmE (s sk
SHMAN) @O PAR (umol m™2s7!) TH 5. PARzm 13,
LR, SHEX D& duiS THAIl S /e TR & o PAR
GHAEE X 2m) TH5.

7z, TEENEIRGEREE R A o BEIBEIE - v >y — (dE
KIKEBIEFFRATHIE) PEREXIC—DBE S, &=
HEEREE (F) (mg CO, m2s™) WFHlisNs. 4
RERIAEIC 10 PP T % Y N—EHB L, F v ¥ N—HNOD
CO, R % CO, EREFEHH 7 v — 7 (GMP343, Vaisala,
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Finland) ZHwCHBET 2. FRXA»5H IS
nz (FH, 1999).

UV _Ac. 273
F=p X g A 0+ Ty @)

A7 AL
ZZT, plECO,EE (kgm?sh), VIEF v/ —
DOEE m*), AFZFvy> N—KHEBE (m?), AclZ
CO, IREF* (m® m—® #EH), At BIHRKFHEMRETH
5. ¥ BT, REHIE Ty BPHOS L.

2.3.2 fEEEEEESLVO T/ OV

MADOTEERTH 257 A o NOEELICHE S AR
WO, FRCIERBIE O T & JEREEN c E /b T %
7= OICiE, EFNEHICE S W FEPHENICE TN
Tw b afERICED W CHEGRUE T 2 HEPAETH
% . AR TIE, SRIMEXNICEKE S Wi ER ORI
THRICHERE, EEORKELZDZ 2FH (Fi26H
ThI2 S 8 B WK SR ARSI TTY Y
WA AT XV EREEMTON:. 2 OB, g
BV EEFELC2m M EE L.

BELICFE S SEREIE 2 i 3 2 L CIdER O E %
2 080 h 25, 22 CIEERMER (Leaf area
index, LAD) %O #evsy, XA»ro&H L.

ap=—ccxloglCP) 3)
2T, RIFEOERE, CCIEMEHE (Crown
cover), CP I3t 22 FE# (Crown porosity) % 3
T. AKWSETCHWSHERIZ T Y ¥ v 2 F (Coolpix
5400, Nikon, JAPAN) Tz s hizd D (F/N—H
%) & Hw, ETRIAMALY VX % kA E 5 EE
(f5.8mm, 35mm % X Z#E T 28 mm I HHH) 1T
ELTz. &7, BEREZMMT 5278 LT Blue chan-
nel detection method v 517z (B 1 5H 2, Mac-

Disturbance-manipulated plot

AR

a3 .
oAy

farlane et al., 2007 ; Macfarlane et al, 2011 ; Ryu et
al, 2012). 7z72L, 2011 4RI flRE &R S5 LAI ZHH
L7z, OB, RICTY# s %512 Nikon flilEa >
sN—% (Fisheye converter UR-E10, Nikon, JAPAN)
ZED AT, HE&EESTY 7 b DHP-TRAC-Win % fi
CHEATALEE U 72 (Leblanc et al., 2005). = O, #
N — G & FRIREER O O BREH S F—2 7% 5 X 5
SHEDT 2 BN DY, RIEA 32°0 A HFH 1 F] <
niz.

2.3.4 LEEARDAXEHEME

11 2 S & B BE o B 0 5 R ROk A Rk E AR
(LI6400, LICOR, Lincoln, NE, USA) ZHwT{Thbh
7z, ZOFEOBWEHELRTR TS 7 2 v MEFELE R
BEEOENZ L2252 THY, K TIHLHEK, X
WX B 2 ZEDNIEESEEKBIRIC DV T D BB~
32 ke LT, FHUSEHEMAR IS (201149 A
1H) X0#io 201148 H 9~11 H L HELALE S 3
FHD 2014 FE8H1T~1I8HTH 5.

2011 FETIIFREX TS B (K, ME LfEoZER 5
RLCfTbhe. 2O, sHUIEORRIAE L L T,
1) EBRFHICHEL TSI E, 2) ARERRDY fho
HIEC X2 ZZT TRV &, ERFIN, ER
ENTREDEIZLBER O B s =, ZHFEHOENH
ohiz. —F, 2014 ETIE, FHEXTIEEKS 1L
7o, Z O, FHHIENICERRIEH (R%y FE) (K-
& 7VER R (SPAD-502Plus, 2= X/ V¥ F 7
T4 7 R) BEES I, A%y NED 30 DLEOBEENE
W e St JEE-HEGEBEROFHHITIX, FHEl
ANCEER, F ¥ Y N—HNEE - CO, BE » —EREI
"H (F v 23— CO, IR 400 gmol mol~?, HHNE
B 70%, TR 25°C, K&5fdzE (VPD) <1kPa), %7z,

Intact plot
(b) XEERX (C)

BE 2 EHAUEIZ AW (a) QUERK, (b) MHROMEEE (2 2 THWEGRIE 2012 FeiigshicAFy Fyay b &
AT . BEETRIE, LEOERERZOUELbOT, Bf, K, Akzhei, EF, Yvv 7K, EEFTHEALTICD
2¥ vy UN) #FT. 2T, Fvv 7 (K) 3@ A—YD13% LSS 2HELET 5.

Photo 2 : Detection of foliage cover in the forest canopy using color-manipulated images taken directly upward from the
forest floor in the disturbance-manipulated (T) and intact (C) plots. We used the blue channel detection method to extract

foliage.
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YO INEOTIL AL T 7Y VANREL TnDE I xR
FERE L, Y6isfE (photosynthetic photon flux density,
PPFD) % PPFD= 0 ~2000 gmol m~? s~ O#ifH TZ%
fbsgie.

3. BR

3.1 MARRETIFEMIRRE DR

2011 25 2014 F£F TCOEFIET, WRFRX T
Z O NIRRT 15°C, E&EE 23°C, RIEKRE
X 1.0°CTH Y, KUBOFHEIIIK E WOSEL LB
INE Tz Fz, AFHIENCB ) 3 EERKEDE
I B X Z 500 mm fRE ThH 5 A, 2012 4£1% 1000 mm
PUECHIAE E LERTHBAETH - 7.

RN DSUERZERE & O A SR B AR LA D R AR
L, 2FMicbl Y MR TREREZRZN RN
7z, 2011 R B 1 5 REHIRIZAE X &R X O T
REER IR ST, BIEEERE b FERROMEA I
72 (K3a). 2D, 20124, 2013 F£TIXMEXIZB
3 EfEHE SRV~ S 10 AT C—8LTE
WER 2R L7z, 2014 127 % & Z BAHT & EEX T
EXRBEOZEF/NES L kot RELEEKS (swe) 1,
2011 1 D W CTHELLIE R I R X O swe DL <
ol hS, ZDHEO 2012 5 2014 F T X D Fh3
/NS WHE W o7z (B3b). APARIC D W» T,

1

(@) Toa(*C)

2012 420 & 2014 FE DA 238 U T X D A7 & 0
fEFCH -7z (K 3c). FHEEEREHE IOV, 2011 4F
OEIELFT CHRALBEX B L OB OZEXb TN TH S
73, 2011 -0 2 [AlH OHBFALEE (2011459 A 15 H) #
WWHLEX TR AR REiNsA& s (M3d). Ly
L, ZOBBISGT & HIT/INE L o, 2012 4, 2013
FETE—EL TUERDFHRAESL R, 20, 2014
FETIFNIX B K OIE X DR T PR T 12 A & 7%
EREoNZL o7 (M3d).

3.2 EmEmEEH (LAD

BELE (2011) L HEELR 14EH, 34EH (2012 4,
2014 4F) B WT, UHEX EWRXICB ) 2 ETERE
KoOFENEFH NIz, ZOFERE, X IcB1T 5 LAL X
BELLEE 2 1T 5> T wniz o 2011 2 5 (LAI=3.5
m? m2) 2014 F (LAI=3.6m2 m™2) % CIXIX[EUC{HE
THh-ote (B4). 2L, MEX O LAT IZALHEH
SOEBVBRELWCONTEPEEML 72 2011 F T
LAI=0.5m? m™2, 2012 4T LAI=1.7m? m™2, 2014
H£TLAI=2.7m*> m?).

3.3 EZEXE

FHAX T 2 o AR D v» T, 2011 4
OFEALEATIC LB, SR D 2hZh TeHlls e
HERHEDEICHREREZIRD S role. —7,

_ (b) swec (%)

[ T [

(
]
10- !
[
'

I
! !
1 1
1 1
b -.. 2011 L) b 1
2012 1 '
0 L S )
Ll 1
1 1

— 2014 :

7T T 1T
120 180 240 300 120 180 240 300

c) APAR(mol m? day )

50.

120 180 240 300 120 180 240 300

(d) Regg (MgC m? hour')

) IS

20—

[ T

0

T T T
120 180 240 300 120 180 240 300

120 180 240 300 120 180 240 300

Day of year

X3y 4 b CTHRESNIGAS s TERET I v 7 A7 =% (2011-2014) ; (a) HIE (Ten), (b) 1#EASD (swe), (o)
ERERICIRIN X LI B AN E (APAR) (22Tl 2011 EDTF—% 2 & £k w), (d) TEFEREE (Re,) . MFOT
AR, CIIBRERT. £MTO SR IIHEILEBRS T CERUBRSERSh-HE2ET QIIIFEIBIHBIUCI AL

S0 EES))

Figure 3  Seasonal and annual variations in meteorological variables and soil carbon fluxes from 2011 to 2014. Daily
averages of (a) soil temperature (Tsoi), (b) soil water content (swc; note that swc data in 2011 are not included), (c) absorbed
photosynthetically active radiation (APAR) and (d) soil carbon flux (Rs;) are depicted. Dotted lines in Figure 3(a) to (d)
present dates when foliage of the overstory trees was ripped away (15t and 15" September, 2011 which are equal to DOY 244

and 258, respectively).



AL C AL - ARER KRB 27

5 —
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3
E
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0
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2011 2012 2013 2014

Year

X4 %0 8 5% (LAD o 416 (2011, 2012, 2014).
B TIFEE X, ClIRX%25RT . fi5 LiHEBIE&H
EXOIEE S NIBEBUS Tg S W EEOEGRULE D & 2
5tz LAI O & R 2 R T

Figure 4 © Annual variation in leaf area index (LAI) from
2011 to 2014 measured in the disturbance-manipulated (T)
and intact (C) plots. The LAI values were detected from
photos taken at four points in each experimental plot.
Symbols (closed circles for T and open for C) and error
bars indicate average LAI values and standard deviations,
respectively.

2014 £ TIIALHE X T DN AR E BRI X TR
&< ko7 (KH5).

4. BRESEDRE
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Figure 5 . The relationship between photosynthetic photon flux density (PPFD) and plant photosynthetic rate in 2011 and
2014 measured in (a) the disturbance-manipulated plot (T) and (b) the intact plot (C). Ten and nine leaves were sampled
from the upper part of the canopy in the T and C plots, respectively. Symbols and error bars indicate means and standard

deviations, respectively.
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