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WEFARARHOREZBIOIAINVAWNERZITTT 72V TD
W7 BB ZE RN BT 5 B E o BB O G

EREEER ' - RBMX ' - RIGERE® - AFRFC - M EAN
VALK T 1 BRIR, * WiE A B By

P SIAT B NACHEE AR S T T SRR BRI e A oA v ¥ — - B - ERTSERT

2 F
WTKBEHONRERE I AT NVANEZTZ2TT 72 2 TKALER T & BEHEIEE OB E S 9
2570, BXERBXE5E L, SAX CHPEERA S TR (EaxAK) ©pH, &
SAEERE (BC), MHEA F VHEEZNELL. 77 72 v idMNBlonyEy 72 EMBEOFT Y 5% 5
A THIBE ZNO DR VIEET A 2 HIEN SRR S, M KE 2 S FHILERA T TOHEEDE
WS, BHILIZAEE T SR LSRR RK DB 5 L PR AR TR 5 H
22/ CRUMBESIRAT 2 1T - 7254658, T A 7 —EEFA 2 MELL 20BLUNVYEy 7 ER S 1
D, FNENT T I AT EEEERERZ & U HEEES B SN, IS 3 OO BEEEE I E
A+ VHOBEEZEALE -2, —T5, Aoy ETIRAKLFER T OB D BEEERE I S
otz NYEy 7 (REHATRIK) &hay (FaRRFTRRAK) ONRE % A Tk L 72 R
% OWREA F VHEOEER, NrEy eI ELICANK THRE o7z OMENS, H
TARBHOREREZOBMICE DNV EY JNOEA T VIREPELSRY, NyEv 7 EOTTIX

T EOT 241 BRI AE U7z L S 7.

X—J—KN: 77y, BWEEE FEEBIVOIATIVAEN, A7 -1 7 HIE

INYEY T, ROy

1. ZCBHIC

FESEHIRAZ BT B IR IO TG L IE IR K 3 2 )1
DERBAPEHTHE SN TS (FES 1978,
Lenat 1984, E{# 5 1995, Johnson et al. 1997, Green
and Galatowitsch 2002, Donohue et al. 2006). L&
OFEERT O, RIS RIEHIE AL A B T
#R (8BFR Vo, BIXUH)YLE) OARIE
W2 EPEINTEY) (FE#S 1995, JtiEE
B BERBRLRFBESARTOY 27 Mk —
2 2004), HiIFKRLFEEAKE A L CRBOWRER b
ZTOREEZI 0D (1 - KE 2007).

FE M S B R R MR TIE, EICEAR
RATHOBEDP S 2 e R ORI L 5 #FK
DERIZE ST, Vo F 7206 TT 720
SIZR Yy FNOHEBRPEIY, ZTOERIIT

WA )P SR TREZRLIATIV (H VY
TL, RTATT A, F M)A AL s
) DL VKD S IR CREREO D VIKY
NOEALIZ L o TH#ATT % (Rydin et al. 2013). %
72, TT T rhHRy ZIThITCORERENICIX
M (lawns) R M OMMIE (hollows) 75 3
A2 EReZ OBAEOHEREIZ L > T 10 ~ 50 em f&
EL EES Im ~Bm OB O (Sphagnum
hummocks) %% % ¥t & 5 1L % (Yabe and Uemura
2001). 7B, RFFETIEIIAITTEOBET 5N
HMoMEE/N>Ey 7 (hummock) & L, NVEvY
7 OREFIZA 515 hollows & lawns & F & & TR
nweds (W1 (a), 777223y EY Y
RAFATPS LMW OEF A 7L, Ny
Ty 7RAO T ORI RIEEF A 7 WIEH S

EHEZRA kswetland1156@gmail.com
(2022 4F 5 JJ 24 H32AF, 2022 4% 12 ] 5 HZHE)
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A

BENLEETHL (K2 (a), (b)).

INZEY ZNIEAE Y 2 EOHRIIZIART, H
TOKIE O LT AR BRI R EORRIZE D
WENREL, TERGEPSEHLL TV, 07
B, NTEY 7 NTHRZ R HMEE T RO
IRXTE R EONYIE AT Y E GG EE IO
TN AR MEE R LD b, GHRA ML A
(Yazaki and Yabe 2012, Bu et al. 2013) & K& IZ X
LIS A b L A (Diamond et al. 2020) % 5219
{, ZORFE, NrEY 7 EFROyOREMAKITAE
{HE 75 Twh (Diamond et al. 2020). N E v 7
WEBDKIZH T /K X 0 ORI RIAKTH 1
(K1 (a)), NrEY 7 REOEFHINE) BE L
ﬁﬁlof%ﬁ%#%iﬁ BB 2B L, B

X TTHRTANKIZEINDHEEDERAIZE -
T, MBOKEZHFEL TWwb (Yazaki et al. 2006,
McCarter and Price 2014). F 72, N Ev 7 FOfi
W T KE 2 SBENCTEFT L TWADS, Foy b
G U MR ORI H T KEIZL ) iTvwe 2
HTHEEFT L0, HWICT 2T K (B
RIK) DIKED %@iﬂy%vﬁtf$§<,$u
7 ETCRECIREESH L. —H, NrEYIEER
BB I AT EIE, —RAIIKREDZEIZE 72
B (KEES 1999), %wmﬁrmwﬁ AL L
Tl BT AWM H 5. Dozl trs, 7
yEv 7 bEEkxuay Lo SRRl R K
DKREDOFEIE LD Z L FHREIND.

WE OB T 2 T RBEHORERZRB L
A TNVANOEEIZOWTHIZE L -FHW34 7%
V7%, van Dijk 5 (2019) 134 7 ¥ ¥ ORFEIZHB W
T, R Tl S NHIR A B ICE T T KD
M FNEE L 72 il & VGG D2 BN b 11 TS S
XTI oL THMHMEARLLZ 2L
MLz ToXHIS, BEISKT 5T AKEHO
KEZRBLOIATNVANORE LT 2729012
i, B A2l T TW R WA T, T
KOKIALER T DN L 1) A U B FEH R O E W

THOEDIIT HREDNDH L. —IRIIZ, b 5HZEMN
TOMMBZ L2 FEEE & v, ZUIERBEIZ L

(BRISMERE) 12> CTA LS (Brdss 2011). Ll ko
ZEns, BTl E ST TV RWIRET

AL % 3T KD IKRIALFE R A DZAL & BRI HHEE &
L, COBRBEEEIN-> - HEEELZMBTL2 &
&0, HTFARNOBEMAEEE G T3 BN
BHOMCENL EFREND. B, BREMEEICK
AT (HFKAL, HFRAZEEIE) % &7z BH
(&, MW B BRI R R K O F K E R T D 5
X, ZOREOIMIZT TR, WTFKMEOLFAR
ZEEOEIMI L > THME 2 L FHEINL/2DHT
HoH. Fi, BEICHE L TRE LHEMEIE—DD
MR 2T L, 20X ) eI R &8
FENDCAIS 2010). FD7z8, RIFZETIL, il 4
DI % BEVETL & L, HF K (BAAs iR iek)
DIKIALFEH T OZALIZIH - TH U 2 O #EEE]
‘;éMﬂ%ﬁﬁﬁﬁtLt

ARWFZETIE, ALEE S NS B 2 I8 bk H 5 0
BIREFEPNC LTt & T K2 R L CHREHR
BIOI AT NVAMZ 2T 72EICEM X (10000
m) %, AR E 2 TR WIRFEIS X (10000
m) %, TNENHFBEBLL. S5, EHEXIC
A 36 OF M T A BE L, SHAM S ORE TR
B LU TR (Beflareikk) OfE%E1T- 72 (K
2 (a)). WMgAKKIZEY A 7 -V A 7 LS
AHTT Tz yOWETHY), TNEDREXTIE
TS IATTEEEETENYEY 2P ENT
Wb (EHES 2022). COXHIBTT T rhbIK
AR T- OB - 72 BEHEE 2 it 5121
R0 2 SRR Rk K DB D I D38\ 12 K
DR DR 2 ZET L EDEETHL. ZD
729, TT 7y BROBHEEE LS NI S
WIZEYA 7 —FEESA 7 WKL CHEREZITV,
EVA 7 MWIBHNOBFMEE LA S 22T 57200120
YEvIZLEBIOFOY L CENEFNEERE T
VWERHL (H2 ().

SHIT, NrEY T FofWE, FoHIEOMHE
b, NV E Y 7 NOAERTET R D & E
ZUF, S50, AR R IRK O KRG O E TR
BOBENTE L TWLIREDRHSH. TD72DH, N
YEY 7 (RfgfaiiRrK) BLOZORBOKRT
v (fAAT R EK) OKE EFHEXE ClEEL,
AR KICBAR SN RERB LU A 7 VAT
MR R K 2 FEH L TNy By 7 L OBEER
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FBRFLEOAME T2 7 T 7 = v TOHILZe R 50 BEEEEE

WCEDE ) BREEERIZLTCWLI 2L T 5
VBB 5.

K7D B, HIEOENIZ X o THWIZ T
B BT IR K DS R LRk BB L, 7
77 AT AT ARRHOREZEB LTI AT

ATl

EORENS, (1) SRR DK ALE R T-H
%ﬂ%%%b%$47—#%$47ﬂ%i“my%y
7 b, BLORT Y ) OBEEEIRITTRE, (2)
fafl IR K %ﬁéh%*%fkiU AT IV
AR R AR ZRRH LNy 7 LOBEIIZ KL

VAR OE LT 2HTH L. T2, Kif ETREBIZONWT, TNENHL ML
JeCRBTHIR & RIRIX COBERES L OH T A
Hummock Hollow Surface of
F | hummock
ca. 1m rom severa i[ens cm and hollow
. __ loscverim (Line filled
h T - with black)
(Hollow)
Living part of €%
Sphagnum
e '.'.'?.'.'.'.'.'".'.'..'f' i
- Dead part of

Sampling depth
from hummock surface
= 30-40cm

Sphagnum

Saturated peat water

< _‘ Groundwater
level

(a) Water sampling position on hummock and hollow

Water sampling
Vinyl chloride
tube

Open
Small holls Plant cover @I
(open T - Unsatarated surface
5 ._.._._.._.._.,_,<Gr0und_
water
Saturated level
peat water
Bottom
(Closed)

(b) Sampling of saturated peat water at
survey points

F1 NrEY 7 —FOyOWENB X ORKVE (a),
v T L 723K ER () 12
TlE, NUEY 7 RENIEE L2 I X7 EIRME O 15

AL M T O S A

Sampling for 24 hours while
maintaining constant decompression

Poly-
propylene — Stopper
syringe
Acrylic Rubber
tube stopper
Vinyl chloride Porous cup
tube

(c) Water samplers used in hummock and hollow

ERAKOIK (b)), BXUONVEY 7 EdkO

B9 AR, ARBFZE T lawn & hollow % &b THR1T v & L7 (Rydin et al. 2013, 220 2017). (a)

Fig. 1 Schematic diagrams for cross section of hummock - hollow and water sampling position (a), sampling of saturated peat water at
survey points (b) and water sampler used in hummock and hollow (c). Lawn and hollow are combined into hollow in this study (Rydin et

al. 2013, Yazaki2017). In (a), hummock surface is the top of dense capitula of Sphagnum.
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TERREK S

2
(a) Site (100x100 m )

@ Survey points
(Total of 72 (36 X 2) survey points
in both sites)

\\\ ] j

(11) Hollow

(1) Hummock T

(ii1) Mosaic topography (iv) Non-mosaic topography
with hummock and hollow without hummock and hollow

(¢) 3 types of quadrats : i

i 2m i 2m
@O Combination of mosa%c ' : - ' \\/
and non-mosaic (4 m ) (n = 72) 2 m.
Mosaic survey points (n = 36 ! ! | N
Y points (n =36) (b))

Non mosaic survey points (n = 36) i . (b)-(iii)

(2 Hummocks (1 mz) (n=36)

Loaded site (n =9) 1m
Control site (n = 27) i

— '
1 m |
(b)-(1)

! I m

N

Im
(b)-(ii) /

2 WIBIZE D GELIEER (), 2EOXE (b), BLUZEEDOTEH (o) OBAN. ZRAEXIINSEY 7 Lk
Oy 0d5EFL 7ML, INOOLVIEEF A 2 WA LRSS (@), (b)), FHAEX % 20 m B THETRICXS
Lot zoxmzeifidits (@) &L, SFHEaMEIc iR EZELZ ((b), (o). #FR EMERRAK) (3&RE
AR E L2BIE 2 SR L7z, 3EEOFEXIIZNCIURETEY DR LS () o0, @, @) IZHiEL, #F
FERAICER L2, (o) On i 3EREEREOF A AL ZONR (O A 7 WL F 72I3FFEEF A 71002, QORMK £ 72
XTI BT 2 A S ) 2R

Fig.2 Schematic diagram of a site (a), two types of sections (b), and three types of quadrats (c) classified by topography. Each site consists
of mosaic topography with hummocks and hollows and non-mosaic one without them in (a) and (b). Survey points (@) were set at the

(® Hollows (1 mz) (n=35)

Loaded site (n = 8)
Control site (n = 27)

!

intersections of each site divided into grids at intervals of 20 m, and quadrats were set up near each survey point in (b) and (c). Groundwater
(saturated peat water) were sampled from survey wells at each survey point. Each of the three types of quadrats was placed in the filled areas
with gray (D, @), @ in (c)) for community surveys. "n" in (c) indicates the number of survey points for each community survey and its
breakdown ( (D mosaic topography or non-mosaic ones and (3 loaded site or control site).
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KERFOAM X727 7 7 = ¥ COMILZERM 0 B 6 E i

2. BEM S L UREFE 2022). %72, SUBIT NI RBIIT I
2.1 SAEH LB L, 1991 ~ 2020 4E D 30 4E [ O O B E &

A AT O T R 1 D BT O LR 145 em TH Y, BEE HEUIL I 104 H
HTHy, e LEEREM TS 2 BRI MThsb (KBRIT 2022). RIEDPRHKIE 1739 4E12
(BRBE44 2019) OHIZH 5 2 DHTORIETH B, M L 72T K I SR O A FE  (Oka and Takaoka
BN WARITIEEBIE (7AYA) 1285 1996) ®_F1220 ~ 30 cm HEFE L T 5.

&, 1991 ~ 2020 4F- o 30 4F [ O FEFI &R IE 7.0C, 7 b A ACER BN BT X (R 42 BE 42 45 20
AR K 1253 1028.4 mm, B X OVH FEKE 1.0 B, R 141 43 5 538, EER Sm) REEL,
mm PL EOF H LT 1268 HTH B (REIT A AR D AR AR SRS BR X (b 42 B 40 45 52

< 100 m . . 100 m -
S S
A JJ *———@
=l 5
R (] [) [ ] 3
5
£ = 1%‘ ° ° f 3
o § E IIIIIIIIIIIO-III LA N} W
= N s ° ° p
) [ ] o »
5
| SN
\W% N
Loaded site Control site
(a) Relative elevation (cm)
NE SW E W
‘IIllllllllllllllllllllll> ‘llIIIIIIIIIIIIIIIIIIIIII’
+10 cm "‘ +10 cm:,
K . R
Down- .
0cm 0cm T stream
-10 cm Loaded site .10 cm t Control site
Upstream
Private house, Lake wedp = Secondary Secondary ey
field, etc. Utonai forest forest

(b) Cross-sectional schematic diagram of each site

3 BWAXOMNERSN (@) BLUCHTEEOWEE (b). (a) ZEREXIZBT2H0ES (em) ZRL, KREIIEE
KEZZDNNOFTENS FMERL, @EPAEMITEZRT. (b) XEREX ORI GTREHD) BT 2R (cm) DR
HHZRT. AMKOIE ERICKRE - s ), #EICy b A #8H 5. HEEXOREIZIZENENITFTEIXF T
DKM S 2 BN D 5.

Fig. 3 Relative elevation (a) and cross section of relative elevation (b) of each survey site. In (a), relative elevation (cm) in each survey site
and arrows indicate the flow direction of surface water or stream, @ indicates survey points. In (b), a cross section of the relative elevation
(cm) at the center of each survey site (dotted arrow). In loaded site, there are private houses and fields in the upper northeast, and Lake
Utonai in the southeast. On the east and west sides of control site, there are plateaus consisting of secondary forests of Quercus serrata and Q.

crispula.
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TERREK S

141 B 46 55 15 B, IEEH 6m) #EREL.

MFAXII VTS PR RICE L, #Er5 0

EARBEAE X BT IX TR 9 km, HHEIX T 7km TH D,

2 XM OHEMHEHEIZA 4.5km TH 5.

H bl & D ZERL L 7oA S X (3) 12
5L, AMXIZHBRREDNH D HHO T RRIZAL
BELTBY, LRE2SEEEO Y b A #I2m
o TFREIEF L T b, B XIEFEHaZESE T
BT 2L HOMTKIC L > THICHAL TV 25
B D Y, Bk S8 ) —ReryIZREK Y
PO REKIRIE Z - T35, —7,
PRI AL I R NSO O BRI 6% L 72
DO—ETHY, FH%E T T (Quercus serrata) <
2 XF 5 (Quercus crispula var. crispula) @ —. IR K

TEOLON G THENTE ) BIIZIZEA LRV,
AL L5 B B A S 3 B XRANZ A &/,

HRRA, EERO D7 WEIIIZIZIZE A EKD
WD v, B, BXOHEREKD A+ >

BEEIIMBR L) S EEICEN 7 (EES 2022).

T/, WMRAEXOMBEILLL, [REME WE, B
L OV S OREEE L o 2 IR SR AL L T
WD ZEND, WHREX O RRAKD A+ Vi
BEOEITEIC EFEOFEE DO LA OE NS
IDELTHD EHERINS.

22 BFESRAE

FMEXE 20 m B CTHFIRICRG L, 20X
HAZRAES (h=36) &L, WMHAEXHbETT72
WS CTREERELIT- 72 (K2 (). FAAE 2015
L 216FED T A5 8 A LI - 72 FIRIX
OWFEFFEEICEELTBY, AWMKXOEED 40
EMOBISTIIRE L HERBIOZLITE LTV
W, A 7 —FEEY A I EOREFHA T,
WA X O Z A H T BRI 4 m® O TR % R &
L, HBET2HEoOWE (%) #illEL7 (K2 (o)
D). ZoOBERETIE, EFA 7B LOREEY
K 2 fds e LT, NyEv s Edkuy Eo
FNENOHBIED O L DD BN AIEENS
LW RE L. —H, NrEY 7 EEER
oy EOBERAETIE, RN m’ OF
RixE L, HPRICHET A HEOWmE (%) ZillEL

72 (2 (¢) @®). 72, NUyEY Y FOBER
iAoy Lo, s EoBERET
ENrEy 7 FORBIFESTRELRY) &N w &
INIHTE A T L7z, HEREOMSE, VA2
HIE O F A S BUI T A X % A bE T 36 (AT
XT9, MEXT27) THo7ds, 0 bLAMKX
D1 HBEDRFHNDN Y 7 DA THD LN
7272, NYEY 7 OFAEMSTEIE 36 (ARIX T,
XRIXC27), AOwiE35 (AWX TS, X T
27) Elpotz. WBLZZI ZAIrEe—#oH13E
FARIIHADY 2 — PEREL, FEBRECTHEL.
B, REIIBIT M4 E - f2H (2003) 12
HEPLL 72

2.3 JKALERA B KRR K DERK
2.3.1 KA ER Al & &K U BEFIE e ik KK DERK
FA I (n=72) IZEAE3em, £ 90cm T
T 10 em [FEC/NMLA B 723E(L E = Vo B
WEE, —mZ2EO,S 10 cm 5 L CEREIZH S 72
(K1 (b)), ARALIZHFEE 2 S BN OKE F T
DOEEZ kD, WFEHEZOoecm & L, L%+ TH
L7z, NYEY IDHILGEE, TORKHE
KL L7z, KOLIZBUHIH (BE3 ) oFHfE e
IKELZEBYNE (3 [4T o 72 ARALH5E D e KAE 2> S /N
i D) FBITCER L. SRRk DRk
X 2014 4ED 8, 9, 10 HOFF3 M%EE L 72, FRKT
BIKDRD AR E 1 v X912, BRAKIZBEK %
1 UL EREE e L, SkoR B IS oK%
FTARTHAK L7z, ZAKRER T O 3 [l M EE X% %
LWz (E#ES 2022), ZONI9ME % BT 12
fER L 7.

232 N\2EY 7 BEUVROYDRRKDIFEK
BZREROPTREN LNV EY 7 ELTEEH
20~30ecm DT T IAITTrPELETINCEY Y
%, AEXEIC BT 5 EKER T OFIEEDIE (1
oE) Oz 2 l%ERL, ThEhoNyEY 7
BLOZOFBO RO H 5 HHOBRKEG TIRRIK
DK EITo72 (K1 (a), (¢)). &b, NVEY
7 BRI L 72 R T R IRAKTH D, &
0w CERK L7z Bk, & OFRKAL & A3l A i
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KERFOARN

FIZIZEKR L TWizZ ens, BB, SHAKL
7oA &R U AR R K E Lz, BT
BIRL7znNvEYZIFLLEL2 &L, HEEXIZCL
LC2rl, ECORKICELTHE—DNYEY 7
H L. 72, NUEY 7B IURT Y OEK
EMFREX CH—HIZHGBL, YTy 7 0RKkE
W1IEMS-DEI V) Yy PVETFTho72Z &
5, BAMEH HRAKEDVKE G OLERIET 55
24 R £ R L 72,
BLU20184E6 HH 5 8 HOMIZEH GH7H) 47>
7z.

INYEY 7 ORKIFITHEDS 5 cm OfLE TITWV,
FANNGBER—F A7 v 7% W THEE
S0kPak L7z (K1 (a), NUEy Z7OTEREIEL
DEMMA? S cm £ TIIHEARL 72D I XTI T EDS

WA E L TAEELTWAA, 5~ 15cm Bl
BIEI XTI BHIPEAERE 2 Y REO—ERE 2> T
% (Rydin et al. 2013). N> € v 7 OFKIZIZ, &
FRREFAOR) 7a L vy U//(%7D:
DS50 mL, KFR) DEHIZES 10em D7 7 A 73—
N EE R (RBEIL T3 © DIK-301A-Al,
BE) 2RO 8kgEEFEHLZ (W1 ().
A0y ORKIZIE, EEA S50 cm, BEER 1.5 ecm D
T2 )NVEOEDRICESKH Scam DR —F X7 v
THRIY MR AR L, EE I -50
kPa & L 7-.

2.4 KE B

FIBAKIE, BRAKIE, #2045 um X ¥ 7L
~ 7 4 )% — (ADVANTEC : DISMIC-25AS, H%T)
TUE L 7o f, ERZFICHLR) O L. KRk
KD pH XA T AEME: S EAEPT © pH-22B, &
#), BERUZERE (EC) 137585 2 Wik (55U e :

EC-33B, H#}), B X OB A + >~ (NH,-N, Na’,
K, Mg, Ca’) kB4 4 (Cl, SO,”, NO;-N,

PO,"-P) IHLIRTH L RFDERETA 4+ 70~ b
75 74— (R 0 1A-300, HE) I2& ) FheEh
HWELZ., ZOB, A1 Fvra<x 75 70% 7
WV— FHREDOHEL, NV Ty 7 OREHTIER

KednmyegOiailnrieKk e OREEZZRE L,

BIEZ200uL, HEFIEZ200L & L7z B, &4 4

BAKIZ, 20176 A5 9 A,

BN TT 7 = 2 T O ML 2R g D B VE A B AT

VIEEO FIRES X OTRAEIE 200 pL )V — TEE
IDH20uL V= TEEDO I I0EEVIEETH -
oo Fle, NUEYIZBIOFRO Y ORGEKTOE
# (NH,-N & NO,-N) & PO, Piif 4> 7 u~<h

7574—&@%’%@ E AR A T R R — A L
F— - B - MBS CEkR LT (E— v

%ybz@mmmnm,ﬁW) XL, 20
HIEMZ BT L2, Ny Ey 2 Ruyng
FHB IO ¥ OREZBINAE D SBRK L 72)eRK &
D OIRETH D Z EAERNIEE SN0, i
LA rrux s 79750 IKBEOERR
) 2% E T & BRI ALV AT E 2 L 7.
R R K @ pH & EC 1%, 2014 4E 8, 9, 10
HoM, AmXEdBROZNERTIZEAL—
Tholz/z0 (EHES 2022), KHEEH % T2
T 2 B8E 3 MOBEMEOFIEE FHw7z. $72,
INBDOPREAKIZONT, AWK THRIES N8R
DIFEAEDNNO, & LTHELZZDIZH L, FHE
XTI SN2 TOERIINH, & LTHFELT
Wz, IRXATTROEZORN) AARITEFZDOEE
(NH,” & NOy) B E 2Tl wEENTWE T
& (Jauhiainen et al. 1998, Paulissen et al. 2004), 7
WHZEDFEMNT TIX & TDOIRKAKIZD VT NO, & NH,

DEFZeDEFIThLMEMEEZESRZ (LUF, IN) %
fFEH L.
2.5 &R

TR TCOMETEHNT 1L R (version 4.02) % fHEH L
72, 251 ~ 2.5.4 ORI (X4 H I 22 [ O 1 7% i
N X MM T — 2 (BB X 2O (%))
AR E L, 253 ~254 OKRLFERT L 231
DIKAL & BIFITTIER K DIKE 7 — % & H\ 72,

2519774227 KXVIEEER T

F U, RO RS X KA %
WODPDERICHET L7200, 7 IFAF) VT
BiTolz. 79 AZ Y Y TIE, TATH A & AERL AR
DATHN T — % Z H\WT, vegan /¥y 77— (R) ®

vegdist B %% H >, BEEEAT 5121 Bray-Curtis JE4H
A e L7-.
DX, VIAYY) T TEL KRN R i
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FEIZ &0 EFMi 2 720, $RIEMSHT (INSPAN) %
iTo 72, INSPAN & (X & HEEM ORI 2 M5 &
DIRERE 2 T B 720 0 TH ), HiE
K REE SN 2 F8FR Al E (indVal i) %K
% (Dufréne and Legendre 1997). indVal fifi (37 o
BUSHRE W 2 3 U7l S S, FFEO#%
10> indVal [HAMBOFETER X ) ST IC A ZIZE
WIGAL, SFEOBERNICE T AIREM L L CED

5115 (Dufréne and Legendre 1997, k4 AR5 2015).

indVal {6 D F15.1% labdsv 78 7 — ¥ (R) @ indval
B¥a v TiTo 72,

252 HIEE 5 SUFHHREDEE

FEHEAE = L (SR HE MO MBUEE F (%) & F1
WEEC (%) ko B, ABEROIREMa
OFECEUTOEBYTHA.

a FR O HELH S y

F (%) = 100 -2 (1)
A FEVET O 1 8K
= (0 INZ
C(%):a@@%g(ﬁ>®u#ﬁ X Q)

A FEBTL OS5

2.5.3 FEABIECSIRIDIER

TT 7 2y NOKIALER T ORI H -
T HEVEMEE 2 9 A 72 %, nMDS (nonmetric
multidimensional scaling) 12 X % 4% 78 2 #h i o0 Fd A
7= DL, 7T AY ) VTR
R E A AE DE TREECYI M2 Erk L7z AN
JEDT— %ty MIHMEHLHRAEXHOENIZLD
RNHEFHGETHDL EFHEINTZ 0D, T—5 OfIE
ML E L nMDS Z B8 b & L CTRA
L7z (Oksanem 2015, 1% A5 2015).

X L2, vegan /¥y 7 —3 (R) @ metaMDS B
¥ FvC, HEEATH) 2 1E Bray-Curtis FEEEBUE %
REL, MmAa7ZEE L. g Aa7 % 3K
TLE TRDIAER, TXTOMEMEOZ ML AH
(0.2 &Kl & 22 o 72728, nMDS OFFRILHIETH
B (xRS 2015) LHIRT L7z XL, FHsvy
r—3T O enviit B E FHWT, & Aok R
TF— m AT EOMEE RS, HERAM

M (p<0.05) 252D SNHT-EX7 bvibL 7z
(Oksanem 2015). 7B, @A H T2 5 PO, P (X
M E NG Do 72D T, BEEMEERNT 2 ORI L 72
WARIZ, BWICOH A T T AR L 7286 X2,
HEREBKLFERTONRY MviEREDYE, S5
WCHIS A I 7O~ — 7 —& L TGN 23R LEEER
FCA X % VR L 72,

254 FEREE CIRIBEE O

VERC L 72 BE TR TU LA (X 20> & TR A FE & BRIRMEE O
it 247572, FEEBIECHIX L T8 a7 ay MOl
2O o TV AIEROPL, 2070y PO
DIKRIALFHF R P VIZE I TS REER 2
ML7z, SZOX) REEEND 2O EH D6 %
FHRORY & L, £ ORA 2 REHE i - 708
gL LCiith L7z, 72720, ARSUEERTR 7 b
W2 & BEFAFEE 0§ % b)) 7 BRI AR EE o Hh 3
LWahd 5. TOMMIL, BEEGEE & REEE
DD FINEGEIX, SNOHDOT — 7 DSHEEEE &
BRBEMHE OB AHREIZ T 5720 TH 5.

HHEEELZ X LRBEEEZ X 1) IS
Wz 5720, RiFETld, HHBEEZHBRT L4
HEMIZOWT, TN ZKKRIALER T O
B %R, ZN5OFHHEEFIED 2V~ V&K
1y P=—DUBRETHEEREZ L. UKRE
l¥ exactRankTests /¥ 77— (R) @ wilcox.exact
BaeRH L7z B, 1 DORBEE LR T 58
HERHIZ 2 O TH o772 URER M L7z

255N\ 7 EROTDRRKDOEE (t
R7E)

INYEY 7 EOBEHEROE ZREXEOKED
BODRORET 2720, FRERFIZOWT, Afif
XoNyEY 7 (Ll,w,,OFHHEEL2, 5, , D
I 2 )KAE) LxBBIXoNYEY 7 (Cle,
S, DFMHEE C2 e, , DFIMED 2 KIE) O 2 B
WL, AmXotsay (L., OFHEEs 12,
SOFED 2 ]AE) LxRIX DAY (Clyn, D
PIGE L C2 oy D FIEMED 2 [AE) D 2 BIHTL,
FNENMREZT> 72, RIFFETIE, BN O
#HELE, FRERPS 55NV EY 7 BDHERT
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9, BREIX 2 KETIT- 7. BHEL#RES
BLICIE e EE 2wy, SKRERToEEm (&
VRV B ERERIICHERE S S 2 £ 12 L7z (GraphPad
Prism 2014) .

tBEITRISD v g & L, R O ttest %
AwWwTHro7z. 72, L1, L2, Cl, BXU Q2D

FIgETBEE GH7 | oPEE Lz, &b,

INSE Y 7 DO—EIIRKEDR DR L, FIESAT]
Re7Zo/z7z8, RIBMHEE LT2. 4DODNVEY 7O
IBLVEDTOLRBIEDDH > 72 H DT — 5 (IHEXS
KoL, B OT—5 05 FHEERD . &
512, EETRERBGOT—F7I1I2owWTiE, E&T
FRAE 2 fCEME & LTl E R 72,

3. HER
30 BFERZ BRI ST1EMERK

RO HBUEE (F) B X OFEEHE (0 %
T HEBEFER 23 AR 2 5P L 72 (K1
~3). B, KBIFETIE, &REER o R

DX R % AR BRE LR O & 17 o 72,

EYA 7 -FFEEFA 2 HIE LIS 6 DOREHER
C (Combination of mosaic and non-mosaic) 737 7 A
yOy ki (R, B, 6 o0t
HHC OB BRI 27 R S zas, £
D) HT T IAITTHPRRAER TNV EY 7 2B
TLMBP R THLZ NS, TIIRXTTO
indVal i CTH % 036 Z /e L, ZOELDKRE
W indVal fEZ/R L7z 15 fi%2 2 2 CTofREM e L
(K1), a4/ nFerClTiE, 34X/ 1T

N a4 Ry aypREM L LB L,

MWD FiZ& H1250% Tho72%%, Cldasfx/
NFe T OENEPoT Fi2, ZOEERITIE,
vxiat, 3, BIXONY I FOFNR2OD
R X ) Eho/z, 79 3IXT7 C2TlE, 57
PIEME LCTEL, 2095, Flde A2 a4
HLEL, CRUIIATrhikdbEmhorz. %
72, COBFEMTIE, LVFARY, Y, Ny F
DFPeXuarl)Ed, Ny FDCHTZ
RATTEVEPo/. LYVF AT CITIE, LAY
FAFBLOIUONREME LB L, Wi b1
Fl13100% THY, ClIF30% Tho7z. X~HY

C4 T, XXHYPIEMELTBEL, oD
Fli3100% THVY, Cid70% ThHho7. T2, 2O
BERERTIE, N FOFRAIHY ERL 100%
Thot/z. Y~F)ESYYAC5TIE, Y~FU¥
CRADVIREFEE LTEL, ZOfED FiX100% T
HY, ClE55% THotz. Tz, TOWERITIE,
IVBLPAFTFEYTFOFPRYIY R XY
4 LR L 100% THorz. /Ny FC6Tld, 47F#
VIREMRE LTEL, 2095, xR EV 7T,
Zvani . BIONY IXFOFHR100% TH,
Zvau IO CHRLEN T2,

INVEY 7 BN 4 OOREER HUM (Hummock)
A sz (F2)., 79I XI5 HUMI T3,
TIIATrEoNy 7 RpREME LCEL, Wi
EBIZFIX100% THY, CIlET T IXTTrOlEN
o7z 73 N3 AT HUM2 Tlt, 4 flirsfg
L LTEL, €0Hb, Y INIXTr, ¥
04, BLXN703I 974 A0 7 T0F D 100%
THY, ClZ7 I /INIXTTrhEmholz. ¥
A4 A7 HUM3 TlE, ¥V~ A A28 L LT
BL, TODFIX50% THY, CiL03% Tho
2. Flo, COBEERITIE, Ny F, TSI,
BIO 703z )90 AANTIDODFECBLIUY
OADFRINVIAATIVED»>72, A+ IR
I/ HUM4 TlE, 4 I XI7»48EfE LR
L, ZOMD FA350% TH ), C2529.6% T -7z,
COWERTIE, N/ F, 7F5IXT7, BLOD
JUADENRFTFIRTFLDEL, 703y
TAANTITDOFIEIAFIATrERLETH- 7.

NYEy 7 FOREFOH) HIATrEIET I3
a3, 7Y INIXTr, BXWEAFHIATrR
B EN, 79I XTI OAETORERIZHEEL
72 (K2)., HWHERCBT L7 9 I XI5 OB,
75 I AT HUMI T 71.5% TH Y, 7 /0
I AT HUM2 B X U4 4+ 3 X I 4 HUM4 Tl
10% L FTHY, V<4 A% HUM3 Tl 52.5%
THo7z.

Auy EAS 3 OOHEEE HOL (Hollow) A3l
ez (#£3)., 527 1 HOLI Tik, 6 AT
L LTEL, €09b, Y h oA, I TRTH,
BIXOYFATDFD100% THY, YFRATXDC
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#£2 NrEy s b (n=36) |28 5KEEMOBIHE (F, %) PR (C, %), EOFIH»E, fHEMY, indVal ff,
FrRBERIL * BEERIEO F B X0 C 2Ry, KEOBMEIIIEHENIZHE T 2 K BEED F & C 2R

Table 2 Frequency of occurrence (£, %), mean cover (C, %) of each indicator species on hummocks (n = 36). From the left column, names
of indicator species, indVal value, belonging community types*, and F and C of all indicator species for each community type are shown.
Bold numbers indicate F and C for each indicator species in belonging community type.

Indicator species Community types
Belonging 7.7 3IATT  JYINIXTy FNWRARYT A FIXTT
indVal  comm- S. subnitens S. imbricatum C. buxbaumii S. palustre

Name of indicator species Value  unity HUMI HUM?2 HUM3 HUM4
types* F% C% F% C% F% C% F% C%

0.54 HUMI 100.0  29.3 60.0 7.0 62.5 23 75.0 15.4

NV F

Alnus japonica

75 IRXdy

Sphagnum subnitens var. nitidum
7Y NI AT

Sphagnum imbricatum

AR

Lycopus lucidus

OIS ITAANT T

Lonicera caerulea

FRALALaTIA

0.50 HUMI1 100.0 715 60.0 9.6 100.0 525 87.5 9.0

1.00 HUM2 6.7 0.1 100.0 724 0.0 0.0 25.0 0.3

0.71 HUM2 80.0 0.4 100.0 1.6 62.5 0.2 62.5 0.1

041 HUM2 933 23 100.0 3.0 87.5 1.4 50.0 0.8

Juncus tokubuchii 0.40 HUM2 0.0 0.0 40.0 0.2 0.0 0.0 0.0 0.0
IV A RT
Carex buxhaumii 0.50 HUM3 0.0 0.0 0.0 0.0 50.0 0.3 0.0 0.0
FFIRITr
Sphagnum palustre 0.46 HUMA4 13.3 2.6 0.0 0.0 0.0 0.0 50.0 29.6

* Belonging community types: the specific community type to which each indicator species belongs (HUM1 to HUM4, corresponding to the
ending of the name of community types)

* PR TEER - BIERE )R 3 AR EOMER (HUML ~ HUM4, #EERIAZ ORERICHIS)

#3 Fovl (n=35 12802 FEEMOMBHE (F, %) EPIHE (C, %), EOHh 5, {EEMEY, indval fE, Pr
JEREEAL *, RO F BLUC2RY. KRPEOHMEIIFUERFEEIC B 5 £1REMO F & C 2R

Table 3 Frequency of occurrence (F, %), mean cover (C, %) of each indicator species on hollows (n = 35). From the left column, names of
indicator species, indVal value, belonging community types*, and F and C of all indicator species for each community type are shown. Bold
numbers indicate F and C for each indicator species in belonging community type.

Indicator species Community types
N findicat . indVal  comm- E. wichurae C. lasiocarpa M. gale
ame of indicator species Value  unity HOL1 HOL2 HOL3
types* F % C % F % C % F % C %
EleﬁocZajis wichurae 0.93 HOLI 100.0 0.7 40.0 0.0 20.0 0.0
ghﬁéipz:zalba 0.86 HOLI 100.0 2.6 60.0 0.6 10.0 0.0
gaz;xxllZosa 0.80 HOLI1 100.0 8.9 90.0 32 20.0 0.0
A 066 HOLI 8.0 1.6 1000 05 200 00
ﬁi?h;forﬁ o Ipimam 054 HOLI 600 03 200 00 200 00
;;li?gjl?sgrl‘;‘tjez;ilf/b;&a: v 0.47 HOLI1 70.0 0.1 20.0 0.0 20.0 0.0
LT F AT
Carex lasiocarpa subsp. occultans 0.69 HOL2 46.7 0.4 100.0 5.4 60.0 12
,;yjjcgmi;gssi,b lium 0.60 HOL2 533 04 933 13 133 0l
s vamonica 057 HOL2 333 03 733 65 267 09
;,;Z:Z Za?; 093 HOL3  40.0 0.5 700 26 1000  27.9
T TERT

0.46 HOL3 0.0 0.0 30.0 0.0 50.0 0.2

Carex thunbergii var. appendiculata

* Belonging community types: the specific community type to which each indicator species belongs (HOL1 to HOL3, corresponding to the
ending of the name of community types)

*FEREED - SRR T AR E ORI (HOL1 ~ HOL3, HREIIZDOFRRIZHIE)
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P bEPo72. LAY F AT HOL2 TlE, 3 20k
RO L, AYFATDEDN100% THY, N
JXOCHIRbENoT. T2, ZOWEER HOL2
T, VEAILDOFDP Ny 2 F L[ L 100% Td o
7. ¥YFYJFFHOLI T, Y FYI-F&A+ 47
YATFHREME LTUREL, FEClZLdizyvFYy
FXDHEDE» 7.

3.2 FRMEE EAKEZEEF
321 YAV —FEEY A U #F

WA 7 - TS 7 W EOBERESIK LY,
BE 1l & BB 2 WhISKT LTI RTOKIALER 25,
E1EhE L3I TIIIN ERMEBRC §HT2S, £
NZNERE 0.05 Rii CHEMEZ /R L (X4).
551 W & 2 B o BEETUELSI X IC BV T, pH,
LETHAF >~ (Na', K, Mg”, Ca¥, CI, SO,
BLUIN) ox7 PG H ERFRERL, K
L CIEE M ER L, KAMEBECIELT Hnx
RL7: (K4 (a). ThsDKRLERTONY
MVIZIBE-T, 79IXT75 Q26 LTYF A7 C3
DREEEMEEAHE 2 S N7z, WEEER oK LR F
OFIGME % IR L 724G %, pH, KA, BXUOIN %
<A+ > (Na, K, Mg™, Ca™, CI, SO, &
LAYFT AT C3OREPEEIE L, KVEBHIFITY

FTIXIT QLOFTPAEIIEP-T2 (F4).

551 Hh & A 3 Eh O BEETUECS X IC BV T, pH,
Na', K, Mg”, Ca”, CI, SO ®»~XZ7 MV
ATFHEZRL, KVEBRETIEE LAREZRL
(K 4)). ZNn5DKIALERTONRZ R VIZiH-
T, 793RI 75 2oV RF)Ery~1C5D
BEVEMERE S Z 7z, WE DK ALFER T 0 F
WEE LB LR, pHB X O SO A+ > (Na,
K, Mg”, Ca”, BLUCl) Ev~kyEr~<A
CSDORENPAEEIEL, KMIEBEIEZT I I AT
CCONHNVEEIE -7 (£4).

322 N\FYY

NYEY 7 FOBERESIKELY, 1
2HIIAKAIZ B IR, K, Mg, Ca D4 WNT 0K
B (p<0.05 ZABEEARL, 51 8hE 5 3 i pH,
KZEE, BIOSHEOA L (Na', K, Mg™,
Ca’', BLUCl) @7 WP 2sFERMEAZ R L (K
5).

B &2 Mo FERESNKIZBWT, K,
Mg”, BLU Ca" O MVERNTE T Az R L
AL BIECIXE LA R L72hS, KL R T
DAL - 72 BEHEEE I RO b o7z (K5
(a)).

05 1.0 15

axis
-0.5 0.0

-1.5 -1.0

axis 3

-1.5 -1.0 -0.5 0.0

-1.5 -1, -05 00 05 1.0 1.5
axis 1

(a) Axis 1 and 2

B4 EF427-IFEYA 7HIEL (n=72) OFEERAYIA.

(@) : S 1MEE2E, (b)  H1MEEIM. 1

1.5

Range of water level

1.0

0.5

-1.5 -1.0 -05 00 05 1.0 1.5
axis
(b) Axis 1 and 3

T4 XN

FErCl 20 7T IATC2, 30 AVFASC3, 40 AXAVCA 5T RYEYYACS, 610Ny FCo HDOR

FllidAEZE (p<0.05) 257805 N7 KALFR T 2R

Fig. 4 Graph of arrangement of community types on mosaic - non-mosaic topography (n = 72). (a): Axis 1 and 2, (b): Axis 1 and 3. 1: R.
Sfujiiana C1, 2: S. subnitens C2, 3: C. lasiocarpa C3, 4: M. japonica C4, 5: O. cinnamomeum C5, 6: A. japonica C6. The arrows in the figure
indicate the hydrochemical variables for which significant differences (p < 0.05) were found.
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551 Bl &5 3 O BEERIELSIICBWT, pH &S W OKALF W T DI Z i L 72858, pH, 4
o4+ (Na', K, Mg, Ca, BLUCI) o oA+ (Na', K, CI, BXU S0, BLOUK
7 PVAHBIZE T HEZRL, KAZEHETIIE L MIEZ V<A 27 HUM3 Dl BB E o 72 (F4).
TimzRL7z (K5 (b)), ZhHDKRIALFRTF O
N7 MVIZIH->T, 773IAX34 HUMI 2649 )V~ 32340

A A7 HUM3 ~OREFME S 2 Hzz, ki Ay EOFEAK A 5 KD 72 nMDS O 1§l &
lf? m -
- Range of water Range of water
o <
— 2 i
v pE
o - ) 33 ! 114 ¢ 3] °
2] 1 v O 4
=8 e = =
%) 3 2 )
o-. | 2 3 ’ Ol i 73 \[ \Z
) Cl.
3 7 2 B Na“| k*
“ | Mg2‘Ca‘]+( 2 | Mg* ca?t
! T T T T T T T ! T T T T T T T
-1.5 -1.0 -05 0.0 0.5 1.0 1.5 -1.5 -1.0 -05 00 0.5 1.0 1.5
axisl axis
(a) Axis 1 and 2 (b) Axis 1 and 3

Bs nrEvz Lk (n=36) OMFURFIM. (a) H1@EHE 28, (b) H18MEHE3E. 1: 77 IXT7 HUML, 2: 7
T/ONIATr HUM2, 31 F VYA A7 HUMS, 444 I X047 HUM4, HHORENIHAEE (p<0.05) 25580 Hit7zk
ALFERF 2R

Fig. 5 Graph of arrangement of community types on hummock topography (n = 36). (a): Axis 1 and 2, (b): Axis 1 and 3. 1: S. subnitens
HUML, 2: S. imbricatum HUM2, 3: C. buxbaumii HUM3, 4: S. palustre HUM4. The arrows in the figure indicate the hydrochemical
variables for which significant differences (p < 0.05) were found.

K4 EEEETHENT 2 K HER O LK ALFRT OFIEE £ SD. pfElF~ > A1 v P =Z—DUMIEIZ L 2 & FHEOE(T
FIRTT CQLMLTYF AT C3, TI7IXTrQv~ F)E¥r~AC5 77 3IXT7 HUML K b~ A 27 HUM3) O
BERE R 2R, BT 2 MAHERIIRL~3 22

Table 4 Mean * SD of hydrochemical variables for each community type that constitutes the community gradients. The p values show
the results of Mann-Whitney U test the differences between the means, S. subnitens C2 vs. C. lasiocarpa C3 or O. cinnamomeum C5 and S.
subnitens HUM1 vs. C. buxbaumii HUM3.

Community types pH Na+,| K 1 Mgzl Ca},l Cl-,| SO“2:1 IN 5 Water level W}z&grg leeggl
(mgl?)  (mgl)  (mgl)  (mgl) (mgl) (mgl)  (mgl) (cm) (cm)

Mosaic-non-mosaic

S. subnitens C2 (n=31) 6302 641 £215 1318 176141 7472 5718 45 0246£0363 93 £64 149+39
C. lasiocarpa C3 (n = 10) 6.6 0.1 970 180 4314 457162 21279 7911 97 03330840 -13£69 11.1£37
O. cinnamomeum C5 (n=7) 6.6 0.1 923+ 1.61 40=05 429+055 21336 80*18 77 035 %0600 -43+77 97=21

p value for C2 vs. C3 0.001**  0.002*¥*  <0.001*** <0.001*** <0.001*** <0.001*** 0.007** 0.126 <0.001%**  0.035*
p value for C2 vs. C5 0.003** 0.004** 0.009**  <0.001*** <0.001***  0.021* 0.084 " 0.466 0.082" 0.002%*
Hummock

S. subnitens HUMI (n=15) 62*0.1 553 £ 146 04+ 1.1 114£092 43+43 4812 2%4 00980134 -123 £33 162 36
C. buxbaumii HUM3 (n=8) 6.5 03 811 £233 3.0£23 298183 140£93 6916 76 0288%0397 6754 138340
p value for HUMI vs HUM3  0.007**  0.016* 0.004%* 0.185 0.084 0.006%*  0.029* 0.328 0.024* 0.127
k< 0.001 ;%% :p<0.01;*:p<005; T :p<0.1 (Mann-Whitney U test)
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5 2 WX LTI T ORISR A E 2 B
oL, H1EE S 3EIE LT Mg B LU Ca”
WHEERMBEEZRLZ (K6). H1EeE2Eb
KO 1w & 5 3 gy OREERIEYIX T, v

K+ Na+CaZ+
wv) 2- -
2 {180 Cl
— Water level pH af .
[ e
o | Wt
= __-
v
=) 3
(o]
Z o | 3
5 o
v 3
S -
1
<
in Range of water level
"
‘_|: -

T
-15 -10 -05 00 05 1.0 15
axisl

(a) Axis 1 and 2

X6 Fuowl (n=35 OMERESX

(@) S 1Hh XA 200 (b)

7 4 HOL1, 4 ¥+ A% HOL2, 7 ¥+ + HOL3
ZMELZEE 1 2t > TP S HICRE S Nz)s,
NS DR FMABL AL R T 120 > T o 72,

g 2+
— Mg .
Ca
<
2
v 2
S z 2 3 3
2
R RIS E
x o
< 11121 2 3
v 1 » 3
o 1 2
T 2 3
2 } 3
<
e

-1.5 -1.0 -05 00 05 1.0 1.5
axisl

(b) Axis 1 and 3

I EE3IEN. 1 A2 A4 HOLL, 2: AV F AT

HOL2, 3: ¥ F ¥+ HOL3. KFOEHIIHEE (p<0.05) 258D 5N/KLER T 2R~ d.
Fig. 6 Graph of arrangement of community types on hollow topography (n = 35). (a): Axis | and 2, (b): Axis | and 3. 1: E. wichurae
HOLI, 2: C. lasiocarpa HOL2, 3: M. gale HOL3.The arrows in the figure indicate the hydrochemical variables for which significant

differences (p < 0.05) were found.

3IBRHRBEOHBEE L ZDEE
FHFENOMBURM AW S 2T 5720, HEN
B AHEHEINE 3 2 BV (3L 72302
) L aPmm a2 BB O S (%)
RO B, ETOMIBEBOBEERILHEX
BINCHEL, 94 7 - A 7 LRI
HL, TNZholBHEEB L VOZ0HEZ RO,

331 AERAICK 398

EYA 7 -FFEEFA 7ML LTIX, 2VFRT
C3, YYFRUEYYAC5 BLONY/ FC6lZ
X LD AMXTELWIL, 793337 2
BILOXYAY C4IFEMKX LY IIX TS M3
L, a4 X/ NFesr ClomBEEOEE (%)
BIRAAEX OE;TIZE,I 72 (KS)., FREKX
THROZ CHBLHERL, AWXTETIIX
I C2 (13%) BEUFLAYF A7 C3 (13%) THH
XX TIZT T I 237 C2 (31%) Thore.

INVEY 7 ETIE, Z IV~ A A HUM3 256 HE
KEhamXTELEIL, 79I XI5 HUMI
BLOIF I AT HUM4 IZAMX L ) BIX T
%CHHBL, 73 /N3 X34 HUM2 @ B
DEE (%) ALK OZENITITHE, 72 (KS).
FREX TR D % CMBL L2 HEHANL, BMFX Tl
Z V<A A4 HUM3 (14%) THH), HEXTIEY
5 I Ad/ HUMI1 (39%) TH - 7-.

Auw BT, 3 0OFEMITRTAMK LY
HARXIZE L, WMERXOLHEER O L BUH
FEIZBEMIX O 25U ETho72 (ES). 3 008
o) bWHHEX (65 CTHBEBEEOEEI D
o 72DIE LY F A HOL2 (43%) THh o7z,

3.3.2 #ERIIC K 5948
KOTRLEIIIZ, VI XTr 2 I3IEEY
A 7LD EF A 7 TEHBL, a4 X
JINFArCl, AYVTATFCY BLXOANY I F
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REREOAM AT 727 7 7 = TOMIZE M 450 B F A5 5 57l

A

£S5 FEX B L OCHIZERNZ L 2K REEL o MBUEE (MBLL 23R & 2ofa
(%). #E (%) 1ZEHITZZH TOEFAHEE TS 2 WBUREOHG. Wbd 2 HEROMA IR
Table 5 Occurrence frequency of each community type (number of survey points where it occurred) and its ratio
(%) between loaded and control sites on topographies of mosaic-non-mosaic, hummock, and hollow. The ratio (%)
is the ratio of the occurrence frequency to the total number of survey points in each topographical space.

Occurrence frequency and its ratio (%)

Community types Loaded site Contorol site Total

frequency % frequency % frequency %

Mosaic-non-mosaic

R. fujiiana C1 5 7% 7 10% 12 17%
S. subnitens C2 9 13% 22 31% 31 43%
C. lasiocarpa C3 9 13% 1 1% 10 14%
M. japonica C4 0 0% 6 8% 6 8%
O. cinnamomeum C5 7 10% 0 0% 7 10%
A. japonica C6 6 8% 0 0% 6 8%

Total of the above 36 50% 36 50% 72 100%

Hummock

S. subnitens HUM 1 1 3% 14 39% 15 42%
S. imbricatum HUM?2 2 6% 3 8% 5 14%
C. buxbaumii HUM3 5 14% 3 8% 8 22%
S. palustre HUM4 1 3% 7 19% 8 22%

Total of the above 9 25% 27 75% 36 100%

Hollow

E. wichurae HOLI1 2 6% 8 23% 10 29%
C. lasiocarpa HOL2 3 9% 12 34% 15 43%
M. gale HOL3 3 9% 7 20% 10 29%

Total of the above 8 23% 27 77% 35 100%

o WRINGHELIZEFA 7 - YA 7 WP LoSHEEN O MBHE (MBLL -REm AR &

Table 6 Occurrence frequency of each community type (number of survey points where it occurred) and its ratio
(%) in mosaic and non-mosaic topographies. The ratio (%) is the ratio of the occurrence frequency to the total
number of survey points in each community survey.

Occurrence frequency and its ratio (%)

Community types Mosaic Non-mosaic Total
frequency % frequency % frequency %

R. fujiiana C1 2 3% 10 14% 12 17%
S. subnitens C2 27 38% 4 6% 31 43%
C. lasiocarpa C3 2 3% 8 11% 10 14%
M. japonica C4 4 6% 2 3% 6 8%
O. cinnamomeum C5 0 0% 7 10% 7 10%
A. japonica C6 1 1% 5 7% 6 8%

Total 36 50% 36 50% 72 100%
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KERFOARN

COlXENA 7ML L D IEEF A 7 M TL B
L, Y¥ NI~ A CSIFIEEN A 7 HIETOAR
WL, 2=FY c4 oOMBUEHEOESE (%) &M
WIEDZEDTIZE N -7, ZHETRLL CHIEL
720, BEYA M TIEZT I I AT C2 (38%)
THY, FEEFA Z7HETIEaAL X/ ;7 Cl
(14%) TH o7,

34NEY 7 EROYDRERK
NYEYZEROTOKYEZFEXE THEL
TokE R, NUEY 7 TIZEC B LUK EMFIXD
HHREE (p<0.05) 2% <, Na, Mg,
SO FEMIX DTS & v ) BN (p<0.1)
=R L, Cda, PO-P, BXUINIZEMXDNLT
o T2 B
AT 7Tk PO P & £ TCONRER T AN X
DFDVHEE (p<0.05) IZFE <, PO-PIZAMXD
TihiE wé:w')ﬁif%{kﬁﬁ (p<0.1) ZRL7.

BIO

FRBO N L ho7z (KT). —T,

BN TT 7 = 2 T O ML 2R R g 0 B VE A BE AT

4. B
41777 2 CADEEEE EKILERF
] SHET
KFAERERD2 S, TS 7 -V A 7 Eh
52 O0DMEMEZE LNV EY 7 S 1 DOBEREME
EASSHIL S, B, A v by o3k LA
TFAR o 7 BEREE T S e o7z PUTFIC
fl S 7z 3 D OFEEMEEE & AR N T O BIfR %
a9 5.

411 72 3IXT5 2 PO LY FAFCID

HREE
EYA 2 —FEHA 2 W LAS, KIXILER
TR P VCIH2727 T I XTr Q2 HL LY T A

73 OBFEEENMEE N (K4 (a). 2O
HHREEIEIpHB L 6 D A 4 ViEE (Na', K,
Mg™, Ca”, CI, BEXU'S0”) »LH, Kok
H, B LOKMEBOKT 25 7 2 BREMERE & xS

#7 FWEXIZBITANYEY 7 (0=2) £A0Y (n=2) OXRALFAR T OFIIME L FHH Or/ME - R fE). p EIEN
YEY 7R OEKIALFERFIZOWTAMK EAEX DM TIT o 72 t MUED#ER 2R T

Table 7 Mean and range (min. - max.) of hydrochemical variables for hummocks (n = 2) and hollows (n = 2) in each study site. The p
value shows the results of the t-test between loaded site and control site for each hydrochemical variable of hummock and hollow.

Mean values (min. - max.)

Hydrochemical variables Sampling position Loaded site Control site p value
- Hummock 5.0 (5.0-5.0) 5.0(4.9-5.0) 0.445
p Hollow 7.0 (7.0 - 7.0) 6.4 (6.3 -6.4) 0.007**
EC Hummock 6.7 (6.3 -7.0) 42(4.0-44) 0.025%
(mS m™) Hollow 29.1 (28.8 - 29.4) 14.1 (11.8 - 16.3) 0.022*
Na' Hummock 1.97 (1.68 - 2.25) 1.38 (1.19 - 1.56) 0.074 "
(mg L™ Hollow 12.41 (12.20 - 12.62) 4.99 (4.82-5.17) 0.002%*
K' Hummock 43 (4.0 - 4.6) 13(1.2-1.5) 0.014*
(mg L™ Hollow 5.5(5.3-5.7) 1.9 (1.8 -2.0) 0.004**
Mg™ Hummock 0.93 (0.86 - 1.00) 0.64 (0.63 - 0.65) 0.053 "
(mg L™ Hollow 4.92 (4.74 - 5.10) 2.72 (2.55 - 2.90) 0.012*
Ca™ Hummock 43(3.8-4.9) 2.8(2.6-2.9) 0.115
(mg L™ Hollow 21.0 (21.0 - 21.1) 11.2(10.7-11.7) 0.003%**
Cr Hummock 24(2.0-2.8) 3.6 (3.6 -3.6) 0.105
(mg L™ Hollow 10.5 (10.5 - 10.6) 5.9(5.5-6.2) 0.006%**
SO,” Hummock 3.8(2.7-4.9) 12(1.1-1.3) 0.055"
(mg L™ Hollow 26 (26 - 26) <1 < 0.001%**
PO, -P Hummock 0.030(0.022 - 0.038) 0.013(0.011 - 0.015) 0.206
(mg L™ Hollow 0.006(0.005 - 0.008) <0.001 0.076 '
IN Hummock 0.36 (0.07 - 0.64) 0.13 (0.08 - 0.19) 0.522
(mg L™ Hollow 6.39 (6.26 - 6.51) 1.73 (1.68 - 1.77) < 0.00]%**

k< 0.001 ;%% :p<0.01;*:p<0.05; T :p<0.1 (t-test)
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TERREK S

LWz (R4). T2, 79 IAXT7 C2IExEX
ZE <ML, AV F AT C3ITAMKIZE i
L7zZ &b, ZOBBEE N HRK L &KX
A4 VIREOFECE L LERZEINE (KS).
I — 0 v XORJE TR S N7 FEE I EE AT OF5 312
L5 E, BERRKRHOFLE (mire expanse) 1255
Mg ANyEy 7RO TINS5 EYA 7L
DOHEEN S, 777 = 2B (lagg zone, FESIE
RN 3AGTS BT T 7 xRy T Ok E RIS
BRinwy) 2T At 2 AT F AT (Carex
lasiocarpa Ehrh.) 1 5D R O [ A fiE
DOMEMEETH ), T OBEGEI pH RRE
EB LU I AT NVIREOHE & W) KEZEL &S
L T\ % (Bragazza et al. 2005). 2D X H |2, I—
0y S TIEE M O 7 WA 7 5 2 5 K E A
o 72 O 2 & A O [E A B D K O A
FESRO o Tn5E. —F, KEKER»L S, xf
WX LBMXOA+ VREE,PSAE L pHB LD
A4 F VIREOWINIGE-> T, A Z7HEIZEZ T
FIXTT C2HHIEEFA 7HMIBICL LT F A
TFCINDOREFREELZI 27 (M4 (a), %£6). Z
DZENL, KEHTREZ 72K BLOEER
I AT NVERIE, MO ZERE TR S S HLE
& AFRERTHE & 2 BEVRIEEE & FIAR OB EMERE 2 764
SELEHEREINS.

KA 2 O RALITH T K 2> & # KT £ TORE
BEL L CHIE L7228, NV EY IS LA IEHT

IKEH SNy 7 IR T TORBEE LTHEL,

W5E L 72 KALIE 297 L b T K 2 & & # T 3RT0 F
TOHHEZ WL T, 20720, EFA 7 —
A 7 WL FOREFERE ISR L, KAEOZEET
Miiz#E L <, ZOEBIIARHTH .

7T IRXTr C2E LTS AT C3OKMEBE

DOFIHEIL, ZNEFN149ecm BL P 111em TH Y,

MAIHEENH 72 (K4, LHrL, IXT
TIEEE L TEET 720113 EKREA N
A% Z T R WK ORE, D F ) KRAZEBIEDN
SWZ EDPARTRTH A (Granath et al. 2010). 7
TIARTT C2BLPAYF AT C3 DKL)
ERFAEX AT BEIAEST S X~y TRENIC
HHIXITTEONHT LT T 7 = v OKRNEHE

(1.9 ~ 484 cm) ZILEEL7-4% (Yabe and Onimaru
1997), WHEHEROKMEEFIEL N FH I~y 7O
TT 7 2 O T IKAEBIROFFIZ /NS WIS
MM 2 EHEIND (F4), L2 ->T, 77
IATT C2QOKRMEFREIL Y F AT CI LA
FIZEWLOD, 7I93IXTr Q2 TR IIAT
TREOHEETETL TCWLIILEEETLE, U
FIATTr OEE T HRTE LBEITNS W E SR
END. ZOkD, ZOWEFEEEIIHT S RMES)
BOREIL, pHREA 4 VIREICHT/hEnE
gD,

41277 3IXdJr5 s NUE YA
C5 DEEHGEE

YA 7 -FEEFA 7MW E2SIE, 61T, K
AL R T X7 DV 2727 9 I AT C2 05
Y~ Y E¥ <A C5 ORFEEE M S (K
4 (b)). ZOMBEHEMEEIIARMESEOKT, pHB
LSOO A F VEE (Na', K, Mg”, Ca*, B8
Focr) o¥hmcis L Twi (F4), T2, ¥
Y F)EYYA S OMBUITAMKXE L OIEEF A
JHWILIZBRE STz (£S5 #Ke6). LiboZ L
Ne, TIIXITTrQirbYY )Ly~ A CS
OBFEMWEILX, 953 XT75 Q2000 FAST
C3 LRI, BTIX &R RIXOKEOE NS E
U%pHBIUA A VBEELIZIHS 72, B A2
W HIEEFA 7 WIEANOFEFEEETH L Z L
Hohbhol BB, 77IXI7 C2DKRME
BIEIEY~ )P~ C5 X0 AFITE VD (F
4), 7I7IXTTr QIS LTYFRT C3IOMEIE
OB & FABRIC, Z OFEFEEE I 5 RS
TEDOZAIZR R TR VI EEMEL D 5.

VA 7 -FEEFA 7L O SN2 D
DORFEEEOBE N, HEO—HEHERT 5 LY
AT CB3BLIOYIRFIEITAL C5DENTH S
BUARE ORI S, BWMXEBOTT 7 = Y AIZIE
INBBED N FREMRDPERAFEEL, TN o0l
ERIZED TT7 72087772 OBIZERIT
& YIRYEXU<A C5IEFDREMDE DL B
FAFEICHE L Tz, —J, AV F A7 C3iEn
Y XBAEMRL ) RRHEN G CTTT 7 2 D—
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WEBR LTV COLIABLYFAFXSCIEY
T RN)EYYA CS5DOWB/NY — v % LS 5 BREE
DFENZ LY, 2 DOBEEMEED A U0 5EED D
5.

41377 IXd7 HUM1 5 IV~ A T
HUM3 OFZEE

KIXALZERTF X7 PVIZIE->TT I IXTr
HUMI 2°5 # )V~ A4 A% HUM3 O BEVEEFE % 3L
272 (W5 (b)), ZOWHEMEEIIKAE, pH, B &
4D A+ Vi (Na', K, CI, BL0Uso”)
DN S 7 B BBEMEE & e LTz (#£4).
F72, 77 I XI5 HUMI IZRIRIXIZZ < A6 L
F <A A7 HUM3 IZEMIXICE {554 L Tz
ZE,s (F5), ZOBRBEEEIIFIRX & AKX
DAF VIREOENE ML 2RSS, Db
DT ENL, WIFABHOK BLOEELRI AT
VORARIZ XY A U 7SI e K O BREEAREE (3
YEV Y FPOBREFEEEICEEEY S5 2T\ I EDUR
e S A7z,

Z IV~ A A HUM3 127 7 X X34 HUMI £ 1)
bIARMAE RIS <, HERT & H T OKTH O BEREAS T
Mol (F4), E52, <A A5 HUM3 138
MXIZECHB LS (F4), AKX TR
INYEY 7 FOMWICH LK BIXO3HEDOI AT
NVOETOEENKMIZE > TESIZHE - 72T HE
YD 5.

4.1.4 K07 EOEER

Ay FEOBERIIES I 5 H5 R0
KOFE1EIZH->TYH 27 4 HOLL, AV F A7
HOL2, B XY F ¥ J F HOL3 &\ ) BEERIE Y
A S 2R, ZORHNE EDKLFER T L b
MEZRE o7z, Lza-T, 44, MW
A0 EOBERNEAN IR HK DK ALFER T
WE R ZIFRTWEFHELD, ZN LIRS
KF-23hku 7 EOREERMZE CBEL TWwWhH EHEE
ENALH. LHLeWE, xa7 oAz RIZLT:
FEEMAOWIZEEFNIIE S, £/, KWFEOHRAET
b AL R T DA OBIEIZIT> Tz, ok
O EOBEEREZHET L HOBEERTIConTIX

SROBFPLECH B,

42N\ Ey 7 DARBIHFRKKPEFHFZRD

BWIRIFTHE

NVEY T ETOWMORRICLERER L
DHRFEFIZ, KEATHB IO T RO 2 5 4
EN b (Rydinetal 2013). L2L, KEH»5 1
T ElE E NV T, AR EKT O
REEVPTELEATAZ LI oTHDbRLTW S
ZEDNIREE N TV S (Graham and Vitt 2016). %
72, Balliston and Price (2020) (&> E v 7 ND A
T VREMEOEH O IS 5700,
7 QIEFRIZ b L—H— & L CERED NaCl % &0
L, 209 b—# O Na BLOCr 1 4+ v HEEE
FIWE o TN EY JERBIZHEL, 14V EWE
WNTEY JIEHPORBNERET L L 25
M L7 BIFFEER, S, FAur TIdeEToKE
HF THMXOFEHEIHE L) AREIZEH L,
YEY I TH 5 OOKEARTF THEM X OFIMHE AT
WXL @<, FOMEEIHEE T 7238 BN
MRRO SN (KT, MFHAXIEHEIZS
FEKk 7 EORK PO DA L BHREFZRB LTI A
FTNVEMOFEIZIZIZFA U TH L LRSS, *
D7z, NYEY 7 NOARRITRRKIZBIT A E
X E XX DA & ViEDEE, BKFEOZET
7 <, BARFRIKD A & VIBEOEIZL DAL
meRINDL, DL Ens, SRR
B SN RBEBLOILATNVANOREL, £
BELAILL 244 Y ORBENZ L o T, AR RK
IZETRATVDIREMEAVRIE S L7z,

INYE Y 7 @ pH OFIEIZER X &R RIX T
Uo7z, pH OEEERIZIE, fafliniexkKo
BLANZ, NCEY N TOIXITRICL S
ZEn7a b B X U pH O K O T
A7 ED3% % (Clymo 1984, Bragazza et al. 1998).
COL)BEBOERIZEY, NyEYZOpH I
WA CTIZIZRRBEIC 2 > 20 fetEdd 5. N>
EY 7O CIEE 7 HOHRKDH B 3 RIDSKIEMHE L
e ol2720, MDA T > DL IT57% BT HR
Lol

NVEYZOCaT BELVINOFIMHEIL, FEiE

NV E Y
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FECSHIBX L) B Ol E»r o7z
TNVEDL R REIZ L DRERD 20, HEN
FRATREBL & 72 o 728, MDA F ¥ %2 EC 25K FRIX &
DEMXOF TEHEWERE R LI L2 ERT S
L, Ca¥ BLUIN b OGN % 7R3 REMED
WEHES XN D, 4B, POSPIIMOKEN T &
RN Ey 7 bRy O THBX L&
XD H B NER %R L7255, oRT &Rz
DNYEY ZOFHRT T L0 EEE R L7
POS-P DIEEEN NV Ey 7 (JHEDS 5em) THE
WEIH & L Cid, AME G RRKRE) 2Bt A L
72POS PNV EY TR L2720, b L<
X, NUEY 7 NOAEYEIC L BNEAEDIZETS
NBW, WINOGELBRET 572007 -5 2%
<, BEEWIZRIC S oG IIFRO s e v, 20
728, NUEY ZEBOPOS-PAATT LD EN
HEIIAHTH 5.
PEDNYEY 7 NOKEDEND, WHEIX TS
AT AT T I AT HUMI & BfTIX T4 < 4
Mg 55 NV<A A7 HUM3 OFEERIOE N Z 4
ol E NG, 72, HUMI & HUM3 O 5l
THHTITIXTrOFEHEE 79I XTr
HUMI Tl 71.5%, ¥ IV~ A4 A% HUM3 Tl 52.5%
Thotz (F#2), o2 ehs, AMKTIE,
FFRRAKIZE ENLERED A+ 2B, NrEY
YNERBELT, 773IXT7OWEICH LAEDY
BERIZTLTWBEEITRENT.

IAXTTBIIKEZECEEL, I XAITTIEICHT
LEFH R AKEOFEL LT, HEREORERIZL
A HEERKREOMHR (Granath et al. 2009, Granath
etal. 2012), EREDRKIRIE LA 4 > OfMAED
FIZE o THF I AT DML L 2 EBRBIDZET 5
% (Koksetal.2019). 512, I XITT7EIZxT
LB R AKEOREL LT, NyEY ZNICER
EOERLCMORKERIKRLELZDVRALLZD
T2 L, FEBOKMEFMY OB EIEE S, HEE
W RE X N7 3 AT BIIRES I S b
(Vitt et al. 2003, Bragazza et al. 2004).

HEEEDP D O I A T IVHGO BN L0 RS
ZALL 72615 H 1) (Wilcox 1986, K5 1999), 2
ATV FREMWICEREEY 52 5. Bk

WS WAIKEHE EORETIX, I XITEDEL
PHEAIKETH B 72012, I 2T IVOHRTEIZH IV
T L DEEDREEEDOSAICRE BB S 2
T\»2% (Wheeler and Proctor 2000, Hajek et al. 2006) .
PlloZ i, HTKEFEHLRERE I A
TNVORMPNYEy ZJNOA F VigEZEL L,
FORER, N7 EDT T I AT HEOKT
BLOBEEE (79I X377 HUML 255 )V~
A4 A4 HUM3) H3E U7z RSl S b

5. &R

AL TIE, 77 72 R ARBEB IO
I NVAR OB 21T 2 & 2 HIYlZ, #TK
BHOREZRB LI AT VAMOEEL I8
i X & B &2 2 T WRTERIX IS BT, kb
FRF OB - 7 BEEEE O 217572, 72
L, 777z vidnyEy 7 (W) ko (M
B) o2 EWA7HIE, BIUOENLSLWIE
WA 7 I SRER S, BN KA S £ IR
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W2t LA R IR K DR E DB R 5 2 LW F
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OARuy Lo 3 O08R, 2B EMICED E1T- 7.
ZOFER, VA7 -IEEFA 7MW LB IO
Ev 7 ENL, ENEIUKULFERF OZALIZH -
ToREVEERE DS S 7228, Au B S E i
Nadrolz, T2, NUEY 7 NOREHITR R K
EART Y OB RIEKDKE LB ORERE, S, H
TREBBHLAZFEEZBILI I AT VANV
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7 HUMIL 5 # )V~ A4 A7 HUM3) HE U721 fig
EATRIE S 7.
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Evaluation of community gradients on environmental gradients at different topographical
spaces in poor fen under nutrient and mineral loading via groundwater

Kanae SaToH', Kazuo YABE', Tomotsugu YAZAKTL, Toshikazu KIZUKA®, Shigeto KoBAYASHI'

" Graduate School of Design, Sapporo City University, > School of Agriculture, Meiji University,
* Research Institute of Energy, Environment and Geology, Industrial Technology and Environment Research Department,
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Abstract: To clarify the relationship between hydrochemical variables and community gradients in poor fen under
nutrient and mineral loading via groundwater, we set up loaded and control sites in poor fen and investigated plant
community and pH, electrical conductivity (EC) and inorganic ions of peat water in both sites. Poor fen consists of
mosaic topographies with raised hummocks and depressed hollows and non-mosaic topographies without hummocks
and hollows. We expected that groundwater (saturated peat water) would have different effects on plants growing in
each topography, because the distance from the water table to the surface of each topography is different. In this study,
as a result of the plant community analysis in different topographical spaces, two community gradients were extracted
from the mosaic-non-mosaic and one community gradient from the hummock, and one end of each community gradient
consisted of a community type dominated by Sphagnum species. These three community gradients were accompanied
by changes in concentrations of inorganic ions. On the other hand, no community gradient was extracted from the
hollow along changes in concentrations of inorganic ions. As a result of comparing peat water in hummocks (unsaturated
peat water) and hollows (saturated peat water) between loaded site and control site, concentration of most inorganic
ions was generally higher in loaded site for both hummocks and hollows. From this result, it can be suggested that ion
concentrations in hummocks increased due to the loading of nutrients and minerals via groundwater, and reduced in

coverage of Sphagnum species, which arose community gradient on hummocks through loaded and control sites.

Key words: poor fen, community gradient, nutrient and mineral loading, mosaic-non-mosaic topography, hummock,

hollow
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