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Emission of greenhouse gases influenced by Sika deer disturbance in Ozegahara mire

Kazuyuki Inubushi!, Kinuko Nakayama', Haruka Shigeta', Miwa Yashima', Mitsuru Sakamoto®

Ozegahara mire is the largest alpine mire in Japan. The mire has been preserved as a precious peatland
ecosystem with high ecological diversity. After the late 20th century, the mire has been exposed to ecosystem
disturbance by mire flooding due to heavy rain as well as invasive Sika deer. This manuscript reviewed studies
about greenhouse gas emission from wetland and report the effects of Sika deer disturbance on the soil
physicochemical properties and the emission of carbon dioxide (CO,) and methane (CH,) from Ozegahara mire.
Soil and gas samples were collected at fixed 14 fixed plots on 5 sites with and without mire disturbance by Sika
deer in Naka-tashiro of Ozegahara mire through 5 months of 2019 (June to October), and determined their
properties and gas composition each month. Groundwater level displayed similar seasonal change in two sites,
being affected by precipitation. The concentrations of NH," nitrogen in the disturbed sites were higher than
those in the undisturbed sites. Mechanical disturbance of the peat soils by deer resulted in mineralization of
organic matter. CO, and CH, fluxes from the undisturbed sites were highest in August, and those were higher
than those from the disturbed sites. Negative correlation was found between CO, and groundwater level and
also correlation between CH, and groundwater level was negative, suggesting the importance of groundwater

level in greenhouse gases flux, depending on the sites and also species of greenhouse gases.
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1. FU®IC

FESEH AT AR, KA OIREN RS AREH A%
. REEEE I U oRE A S BRI A B ASEAEL L T»
% (IPCC, 2014). BEREHT AD ) b KOHFG % £
DL END ALK IR E U N2 SR DM LA R
WL SNLDS, WIEREL b DHMTEFE O bR
R LR FE (COy) DB L EEZ LN TWE.
—75, BEEOTER O RFERIGKRT ZBRILRFE=ED 3
B2 % EHEE SN L RFEOIHFRAETH L5, T
FAZE T HERFOMA b IR S N T D, FRIZEE
(2B B ek 3830 A TR BRSO 38—t~
Ml E 2w, RE@EIZI5-25% % 5 © (Batjes,
1996), € DB TIERFEOWRA 2 MELd 5 & B&
ST 5% (Hatano et al, 2015).

ANOBEINCrl &Rz Shiz 2 mFHZ X > THK
BETH o7z TAHDEFMALL T, IREXRT A, FF
WZKHTIE 2%~ (CH) @, F-MiCid—mib_2
F (NO) OftihiiE o> TV HAEIME STV
(Regina et al, 1996 ; Hadi et al, 2001; 2002; 7k H , 2006).
7B A TORAREHIZEZ SN AT VI3,
MBI & o TRl L RIS S5 2 &3
ENTVDE—T, AFVBRIEBEI > TWVDH I EHPIRE
72 (Nagano et al., 2018). F 7-{RH#bR° K H OB 72
TETHSEA Y CAEREIC L o THEBR SNz A S~
A3, RO % L IE CTHAMEA &V ERILE IS
Lo TAY YRILEND 2 EBHAISN TS (Inubushi
et al, 1998; Arai et al,, 2014).

TEAE DIRZRN R A A A~DFEEE LTiE, CO,
FETIOHEBIZ L o> TN S R, HIERFEOFERICE
DS, BESAE TR X 0 o S v gEa Y o 55
fEZINAE S5, CH, 3/RNE R A DR 2 #5H L
TREAEHF I s LS (RIRIEZ A, 1989; Rejmankova
et al, 2011; Bhullar et al, 2013)) —4, REAEY) ORI
RN TRA Y VEEE LT\ 5 (Inubushi et al, 2001;
Bhullar et al, 2013). JbiEiE® 3 2 DREFEIZE VT CO,
o HZEALIERED 572 25CH, TIERED 5N 0o
7o (GBI, 1998). F 728 R IZ BV CTHEA 0
WS ER R AT ABYREIS AT T IREHN o0, NS
FORADEEINL T 5 EH#IA T CH, ® N,O HED
BiNEBEO TS GEHEIEA, 2016). F 721K
WTHh L~ 77— 7T MR O R A % 12
L7 CH B ES R w723 CTw 578, Wi i &
LWL REIVWIEAPIREN TS (Aral et al, 2016,
2021).

i#, B RH, AR R

2. BHIICHIT DEHEDREEMNRA ABIRDINR

B U H AR O EILRRIRE TH 1), mERE
REMMEA R L HERRRAERE LTRESNTE
72, #2044 LI TOINTE L RERGHMHE T,
553 W THO THEMIZA (1998) A5 EHAR, ML, T
HA D CH, Bt & FIE B P OB T AR E R & %
e L, Mgt S RO 2 o7z, 1IN HAA
D FIER O S BIEGF T AREEACE R LA, HTFK
7. 10 ecm PLF CTIRAERF CH, % CO, B4, FEAHT
TIHRESMETLTBY, THEKGR 25 VBRboEE
WEZSNI. —F, BN =IXEBAT TR L
THBY, HKIZLD EWHA L KEESELS L2
WEZ SNz FHEIES (1998) 13 EHIR L d A
DOHIFHORERSHIA S VEKE L A 5 Y BRLE OS5 %
FR, TRETIEAY VERKS%C, RETIEIA Y Uk
LA Z L o TwAhH T EmR L7 (K2).

FARZA (2009) (i, SEHOJR KB TR S
S OIRERN G AP KT H AR & HERLEE O
WEARRAKLTBY, TAOREEIZ L > THREIAEL
BApbZLlaRLTWA T4b5 CO, NO EFEW

Concentration, N2O (ppb), CO: and CHs (ppm)
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X 1: Ry B P 8 E gk o3 F COo, CH,
N,O DIEFEDERE A & v . (BEHIZ A, 1998)

Methanotroph(log MPN g ' D.S.)

Methanobacteria(log MPN g ' D.S.)

2: Riiir 5 (EHA - HEA) BERER O X5 AR
(F5) & x % YBALE () OESAZRs. (FHiEs,
1998)
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(E LD e AEIAICH o 72—, CH, (ZH K
OWENE L, TRLETEZENLL DV KRCEIZH - 72
FEEHICIX CO, CHy DAER-HRITE A LR Do 7275,
N,O CRFEEMOER - HRPEATH o7z L L
TWw5,

—77, Inubushi et al. (2005) (&2 » Figx & 1 >~
FATTREBLIOAFFRKEZHEL, HibTo
CH, Ut E 3 Bl 5 FRAC L 72 R A BE28 Ll L7z
CH, ARGt & Bl L7228, CH, ARG & 133 pH &
DRI R 2 BRI RO b (K3). By
JE O pH #FAIE A ~ AT 7TRREEL )RR
, WP FIEE—HPEL 55, FLpHHEKTDH
CH, ARG LRI » I3 232 ~ 3Him <, CH A&
JE T O F 58 pH 7 LA AT 2 5 T B RS
g ns, FEP o IENIAIKGHZ & T
pH #51E¥ 5 & CH, A£G 25 £ - 72 (Murakami
et al, 2010). & BHKEHBOPR K LIEO ZEHAEITK

10°

10 [

10° [

Log(y) = 1.04x ~ 322

10% R?=0.802

CH, production activity (u gC g™ dry soil day ")

X
10 o o0 o
50 .o ® o Coastal fen
1 *
315 4 * 5.5 6 6.5
0.1 v Kanoshero Lake o
" expanded Soil pH

3 RBHAERREA Y FAY TIREB L O F 7RI
BB A5 v ERENE S 38 pH & OBfR %77, (Inubushi
et al, 2005)

ENVZENRFTTUITOBTHLRENT WS (Dasselaar
et al, 1997).

3. 4 XEFHESFIRE COREMNRIAM
FROMRESEDRE

B Tl 20 A B b =Ry P ORA LS
MR & B EKkIC & B ERERD A ELAEEAL L T & 72,
FIC= R AT L 2 BERAEDRE L) L LIdhEE
720 T SRR TEO AL AR BIRR 2B v 52
ThY, TORNE, BUEWGERES BRI S 2 Losie
o Twh, LA LBEORERFET A H~DOHK &
SR VA OHBELOFEIZOVTOHMLIZES LTw
L. RETIHREE 7 FIREIZB 5 CO, % CH, iz
B9 %5 4 WBIEAR G F AR TOMZE 2 R L =k >~
DhHOBEDSRITTHEEMIL, SHROMEERET
5.

201946 ~10 HO 5 H I, #4120 H B Z 128 7 i,
THARDFEMIT 4 2 (KM4) I2BF2=FK2THD
BELOAEIZ L 5 14 i THIESB X 08 2 5UE % BRI
L7z, HasEsEHI A C TR L B b2 & AT L
HAREHIE CHAGF v N —TH#E L 227 0~< b
7774 —CEm L. MWTIRMIZH MG L7281
7 Cill%E L7z (Nakayama et al, 2022). ##EL#T7 >~
ETHREZEVPTHEPLSHABLUTIHE,2S 10H
W2 TR S (K5). =Ry I hicks
VPR SEEL DS A A O 5315 % ARHE L 72 13 BRI T
RIS & DT OFE B IAR® 7 DD I
f#ans, JEHEAEH O CO, % CH, Bliid 8 HIctiAkns
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== @ == cont B2
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e == cont Al
e nuta B1
nuta C1

5: B EER BT 7 v TREEFEOTEH LR
AT (ERDHEALX (nuta), BEEAIEEELX (cont) D
W, 77— /N3 FEE). (Nakayama et al, 2022)

HONEEH L D Z o7z CO, i IZ TR E &
OHMBEBEE (r= -0327 p<005) 25751 ([X6a),
¥ 72 CH, it b Hi T /K7 & B OMIBIRIFR (r = —0453,
p<005) SRS 7z (K6b) A%, CO, &= CH, it
i & WiROBROBRIZAEE CId % <, WERRT A
NOH T KN DFENI T AOHENEETH D L 2R
BLCTWwh, I TCOTIEEREBLVOEHEOR
FERNAEFEAELOGHAERIL, KFEOEELZTRT
WARERVOZ NS DR (Akagi and Osawa (2004))
EFERIS, RREEYOERFED L SR ERVAELE
TEH & 138 7% A % 7% L 72 (Shigeta et al, 2022). ]
IR IR R A & TR OBIRIZA ~» PR T
DO (Furukawa et al, 2005) %, KALZ Gl# L 72
Rt n 5 238k (Susilawati et al, 2016) TH R
PZENTVDED, RBRIETORERNIEA AN KITTH
TIKNLDFEEN AP IR OTEIH R 7 A OFEFHIC K o TR

T y=-0.0353x + 0.4463
= r=-0.32724 o 2510
] p<0.05 (o] 5
S 15{ o
o0 cees
E e 0 \ o
| T el Ve s o
~ o ol
N ° 84 ¥ ' Py-....
N s 20 15 -10 s © 5 10 1
N o 051 ¢
S bR IKAL (em)
8 -1

(a)
= y=-0.0602x + 0.5387 4
L ° r=0453
e p<0.05 °
& 3
on

o

£ ) °
| e, °o o
I T T
~ . o
N ‘"‘e [ ]
N [N 0 @
£ 20 -15 10 5 0¥ ® O 10 1

(b) Tk (em)

X 6: =7 )5 (hHR) BEICBITAH- TR E CO, 7T v
7 A (a) BLXUCH, 79 v 27 A (b) £DMBRERT. (O
HHEELX, @D IEEFELIX)

HH

B R IR %

LEMARO SN L. F b b B Rk Tld CH, it
WM TN E B ORI R S hzoizx L, CO,
O TR o R & RIS H T R AL & IE oo A7 B B AR
(Furukawa et al, 2005) #/RL72. ZOHEKD 12L&
L TET IR EARE DO ER L T b DI L
T, By EREGHOPRKITEARMY R THL Z L
(Hadi et al., 2000; Inubushi et al, 2003, 2005) 2% z &
ns.

FRE AR A & W4T L TIT b 72 Bk o e BER A T
&, BKEEORWAR AR, ®EMEoRE (E)
DMZTAY v ARG % B (Inubushi et al,
2005) THIEL, =A¥ A OEAELLPKD A 5V H A
DB RN, EROWKEE L ZITR T WEEM IO
Wk (A~D) &It L7z (Nakayama et al, 2022). %
DFER, A HEFIEEAHOK - Rl = 3K - fiEL=
FEUIK - JEHEL > FRUK - BELONETE W EAIATERD &
mrz (B7). 22008 KR I L Tt ok,
RHMRE L - FRRD Y, LOFHRIPESN, HKkE
BEZNZENOEEZZ T T2 EPHLN IR 57
(8). S oiZigm gAY (EHIETD,
2021) & A& CHEREE E OBIRIZO W TERS IO
KR, B—ERr L Lk E s ERFEROIE
DEG, IKRGRBEROEADFGTNL N0, RGHRO
HHEINL R ME X & Y AERGEE D BnW 2 e S 1
TITHES 2 AR EOZENRE (, BERS TR
13 pH OF 5K E L, HRY DL, HERE
BREVLCHAET L7200 pH B EF L7270, A
DIREEEIZIL LK E RO & o TA 5 VR
O T A S 7z (p<0.001) (K9). —#&IZIE
DGRBS HEL IO N TR &= I % (Kazemian
et al, 2011) Z &b, HEFOEEWEL DR L5
(EEMRT BRI EEAIEIL, X & v EREE D]

= 016

< abc a

G014 ab ab

H bcde abcd

o 012

oo

T 01 def

S 0.08 4 cdef fo cdef

3 erg cae

= eff

¥ o006 |18 efg

P fg

2 0.04

#H 002 | 8

- i

X0

= ~ AN o - -+ +H N = N - N i i
< < o U < om O U QA W w
S EE 83 EEEEE L E S E
5 5 5 5 5 &6 6 0 06 6 6 3 O
c © © © ¢ O O O O O O ¢© ©

7 R R (K OREE TR W A E A
AN D ERKDEEZZIFIZ W HAESEMNILE #b
B 2B S CH AEREYE. (MAHELX (auta). [I233E
HWELIX (cont)) . BABZTNL 77Xy Mg llIZHEEEH
(p<0.05) .
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CH, A BCUEE DDA ITHER

0.14

01 -
0.08 - 1
0.06 -
0.04
0.02

0 ]

cont nuta cont nuta

CH A AICETE (ug CH gt w. s. hY)

fl nf

8 HAKDBENRETWEEE (1) L EEO/NSVEE
8 (nf) 2B ARy HOHEFELIX (nuta) & IEHEFELIX
(cont) T CH, AR K T3 3K & BELOR) R O 5k
ST ORER R

% 532 P53 B4

moisuturecontent
pH
EC -0.75956| 0.509247
NO; 0.514166| 0.675951| 0.302345
NH, 0.699395| -0.53004
ash
TC
N 0.703946 -0.47781| -0.40751
CNratio 0.593179| -0.58013( 0.318281
iron -0.30152 -0.35027
CHyproduction 0.623205 -0.31165

-10 5 o 5

| |

«4 HKXHN
ash

g<37
39 2 YOO

Comp.2
-5-02
1

-10 -04

Comp.1
9 ERG MR (TR AfTE . & Biplot : T 1 4T
B ERGT HEICAETE T 2 AR (B 58 42.0%)
FR T AR O IRE S (555 22.7%)

Shi-eEzonsd. DEX), BENOUKEZEDE
WS R & S RICEALAE L, AR DA
BT L3Ik & &8 L <, CH, A it 23k
T L7z &I S e,

LR VA OBAEUC L 5T, HHIEA (2006)
RIS 5 & O Rk TEEO S REE L SEIC X 2T
IRELDZALR, HEELRE D/ 7OV EFAL R FRIALIZ X % Hii
LA D2 (van Winden et al, 2012), ZEREEEER
s im M, Ve AT O IR EFREER AL D%
1t (Shigeta et al, 2021) %@ U 7= R H=cERER 4
BANDOEEIZOFERTLLEDND L. SHROFMHREIC
HifF L 72w,

F e & AU 7R BRSS9 A K T, K
A A Y Y ORGEANOER MRS & o Tnb Tz
B, A7 Y EOMEICIEKIBEEETALES 1
A= PV OF v 2N=F D (RIKIE2, 1989). —T7,
INETOARWIGETIE, HEMOTORAHELE ) &
315 emBBEDT ¥ v N—E VT E /. BRI
AKARIAARIZ X 8 & DRGDANOWHEER & 7 > T 2 T RE
PR ST b (Inubushi et al, 2001). Bl 21X~
Y ru—T7HRIEFTT IR CTIEERE X ¥ Vi
HEZIEILBIBRA R0 H 7z (Arai et al, 2021). %
7 AL HEE FER O i L ORI R A~ KA T T O
AT O HEWRRER O 2 & Y EAEO SN T D (3
EEZ20, 2018: HI%E 1222, 2012; Sakabe et al, 2018). J&iffl
JFETH YTV F% EHEDILK L T ERDIRER)
RAARNT BT 5%, AETLLEDPSHD LE R
b5ib.

b ) —OEBERIRENE A A CHIBE T R OpE
B BH S NO DOBMIT S OFRA TIEMERTE 4
2o 72, L2 L Shigeta et al. (2021) 1 Z=F& > T H DI
g OBELEREESCIE 2 CERERHIC L EET S
CEEHOERIILTBY, KO EL Rn/iah/z (&
A, 2021). F724 ¥ FAT T ORKHTIZSIC
£ FEAGERE T, #TF KA 20 cm AFE T NL,O it E o
WADBIE SN TWwb (Furukawa et al, 2005) . 414,
N,O eI DWW T b P & Mk L TIT K LA D 5.

4. FEH

AAECIBEN BT 5 IE SR F A OBEA L % k8
T2LEDI, B 4KRBEREGFMAEOKRE CRIE
I BT 5 = ¥ 25 OBELDTR R TIEOIALF 1S &
WRERNEH A CH, R CO, O IZHHE 2B x T
LTwaZeamlsz (M10). ZoMaERIIRT L)
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‘ REHR
SokOBETRYEM N0t == oHBR

RRELROMLPE - EVRTL (FEVIR. BRET) . REXL
RRLIBOVEME( @E. WSETHERER) | LTRERL

10 : Bl BRI BT 5 =k > ¥V OWELA R EL)F
H AR 8 (WAX)

(2= 2 U ORELOWER R AT AR AT
Bex RFRUZ @ L CTHEICBEELTBY, M5k
BB EMRPLEEER L. =R VDR
JEANDRAFEIIIRAT, DI PIEAEAICZH S &) 72
PEEL S NAAEORBEICEREEZET L EE 260

B, AtRiE, ImEERR T ABYREIZ S E A A R B
WowBeihd oL b2, By FHIZBWTHaH
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R ADOEMNEERELLELEEZ NS,
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COIREMEIL, 4 REERGEMREO—BRE L

T, BHREOEMEHIEREHEERESE 2 - TTbh
7z BIRRAEY, REREM BB X ORREICH L TR

FeTHERFER R FARAE - R gEbe e i fE A 120 &
D BILHLETET.
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