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Abstract: The present study was conducted at Hirosato area in Kushiro Mire, where the
aim of the nature restoration project by the Ministry of Environment is to restore pasture
areas back to original mire. In order to understand the effects of pasture development and
river improvement, the groundwater environment was investigated in pasture and surround-
ing areas. The results revealed that the mire area exhibited a transitional groundwater sys-
tem from fen to bog. In comparison to the mire area, the average groundwater table in the
pasture was lower with higher fluctuations. The pasture was developed along the Kyu-
Setsuri River where the groundwater conditions are regulated by the river water level. This
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was greatly reduced by the diversion of the original course through artificial dikes. Thus
the groundwater in the pasture was rapidly drained into the Kyu-Setsuri River. Moreover,
Na®, C1~, Mg"" concentrations of groundwater were significantly lower in the pasture than
in the mire area, suggesting a drainage of these nutrients from the pasture through the
groundwater. In addition, the Ca** concentration of the groundwater in the pasture area
was twice as high as in the mire area. This can be attributed to remains of calcium carbon-
ate from pasture soil amendment, although about 30 years have passed since the pasture
was developed. Furthermore, the river diversion by artificial dikes conducted almost 70
years ago has been influencing the groundwater system and its water quality. In order to
restore the original groundwater environment, an increase of the water level of the Kyu-
Setsuri River and the treatment of soil amendments are necessary.

Key words: ecosystem restoration project, hydrochemical environment, Kushiro Mire, pasture

development, river improvement

FCBHIC

ENE DT, BEIE, TEOMA & NAREEE
ZFTEBIZHL - I LO20H 5 (Bl 2L, A 19%4;
Vasander et al. 2003). 1980 4F 12 [4FIC/KBOAEH & L
THEEBEMICERE 2RI T 2580, 8K o8-
SR OBFIEME L CEH Z4£D T 5 BN TR AHE
DHPFER TS 2 b, FEREHRIZSLENTWD. 7
PThH, BEOBMILR, ZFIIIME) A —3 L
DMK ERBEE L OEEFH SN TBY, Thid
T HA AR D TR AN O BN BRI L B 720
EEZBENTWD (PRIZA 2003). & 5121, A7 —
I UMESORMERICERRLENT S5 Y Fa X
YA aw Ty d i EOBIHMAHIR I NS Z LR E
ENTw2n (F#E 1998 ; IEE - Kf 2001).

0L HIIEREOWE % 2T, [IIEERE W
JNEREE R AT 2 MR AS] 2% 2L, BTEOWN
MR- BRET A LA HMEE LT, 121072 DK A
RESNT GIEBEOMNBREREICHET 2 ML E
£ 2001). & 512, 2003 41213 HARFEHERE R DS AT &
M, EESHCRAT I OFE IR MR E 8 O BEE 2 LS
BB REOBAEDPERETICEVBFESINE L) 12k
ofz. ZO L) HENOE)REFRIZ, 2002 4F & 0 BEREE
BT ORBEFE L ERICRAL L o7
(BREEAA B AR BR B2 )R b i & X 3 K PR 5 5 55 A
2003a). HHTYH, JIEREOBBIALE S 5 L
XBZDOEFNVHEOOE DL LTRIRE N, JLFEHIC
BEEI N EM (L, [HEMXIE (Pasture area) &
T.) PMREFEONRKIEE -7 (Fig 1), %8, A
HX O BRFEFEORBERLE 2L, T (2003)

BLOHAMIZ2 (2003) 12 & > TEEHICHERENT WS,

HERERDFAETR D EELZOIL, 24T, WHIE
L0 EWEICLTBLIETHL. 72, HES
KR EATO%E, TOFEEMEE b6 TR L
FNZTELRITIBRETHILEHHINRETHAS. L
ML, —MIIREAERROIEME & 2 T RO
BB E DRI - ALFERBRICE T 2 B W AR
RGN TWD Z EMRIHESNTBY (Bl 21X, Baird &
Gaffney 2000; Kellner & Halldin 2002), )5 Be3E DD
I 2 O & 2 b BH2IICHE 3 5 2 & 25 kIR
NThs.

—75, INFETORZIC LY BB 0 D BRPEK
R OREDE O TKEREEOZAL, B2, bz
Bl ermEsnTcns (FlziE, Cownway & Millar
1960; Nicholson et al. 1989; Brurke 1975). [H 21X 18T b,
1970 I BB % (FERFEHAL) SN EEPD Y,
Z ORI FHE S N IEKEEDSBIL S 2= BIEAE L Tw
B, F72, IRRHIRXNICH ) RS OB 2 5L %
ZAF IR DTFRAF T A XIS (LU, #3538 (Miire area)
EWES ) TUE, BRI 2 { R AR R 25 3 A S B DT
L, [HEHDIE T B a2 et % If & &) e R Al
WAL TWD EHEEN TS (PRI 2004). 2
D L&) HIRWA S, ZOWEPKEDOFLE DS GO THho
TORMBFFEDH T KBIEER Z DK A S D D5
ERITLTWE EEZLND.

22T, AWgEE, HEBKIBEOH FAKBREDOIEL,
REXIE OIEIZ L VS22 L, R T T K
BREICRIZTREIIOWTHE L, ThEeEr T,
AROBKHEFEDOEY HIZOWTRF L.
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PN P A B XL, FrlEs ) om O L ) #6.0~
8.5 km X D FE FER RN E L CB Y, %I
T - 12 53K - BB O BRPEKER (Dk, 32
FHIBHEEHEK ) 12 & o TP E 74 260 ha Difé
FHTH 5 (Fig. 1). IHFHIN B X 0712 53811, 1921
E2 D 1931 A0 T b 729 N e s % . T
WX, HYIINERERECOlr s (Figl R 1,
R 2 Li#B). 2070, BIEOIHSHNOAMFRIE, 7
BB % 22005 2 & D FEK B X O Tk it i,
TS & B RO - MAICRONTEY, HEkd
NZKEEIZZE L SV, 20, 1970 FE81213v - T,
HEMNARMCRBAREIIET ), RLoRskLS
BIIE - BEEHEKIE ORRE T O, BB E & IT A
wi e LTRSS, BAETIREERR (DI, HE
R EIER) & oTWVWAD.

ILEMWXOMIEE, BEEH 0~ 3m & &R FET
XdH 525, PREEC~ Y v NIRICEED EAY) IHEHR
12 B3N2I TR 2 ICEs L Tw s (Fig2 ().
F7o, WHEIIHMET 2 SFREN3m FTATFRI V2 E
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Aerial photograph and groundwater measurement system of the Hirosato area in the Kushiro Mire.

THERAE L L2, TR IR 10~20m ¥ TREDSIR
oWk, & 5 FRITERERN 50m F Thi 8 CTHE
ENTHBY, RBRESHW LML LTHEITLND
(AeiEBE NS 1986). HEMIXISO IHERE) 4 CIZ,
POTOLE - EORE L2, 204 CI3MERET
BlEhTws (Fig2). & <2, HEBXIEELT (E
T4 V) TR, KIKERRLE, BEEE AL
M B & %2 o TV D DDHEITH 5 (Fig. 2

(b)).

—%, TORIWTIE, /N FH (Alder forest) ASH
oo L (Fig 1), ZOFLETIENY J F—I AT
RV, AMEERTIINY X — LV F A BEDI ST
B85, O/, LAY FAF—YF Y F XK, &
VA r—3 V% (Sedge fen), A7/ A )Y AR,
IVFFYINTIR—Y T XATFHEEDR AT S (PFF
13720 2004). IHEMKIRTIE, {EE KO & 13875
D, TUFFYINIRRLT I <5 A FrEO BN
B2 OEREEZ ST AV NTIN—F F T T
I)BEERSH LTS, B, ZOXBONY I Tk
&, 1993 4E20 5 2000 £ F TO 74ERNIZ, £ 13ha bIEK
LTWaEHESN TS (IBEITAH 2003).
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Fig. 2. Geological profiles on Line B (a) and Line E (b) (see Fig.1).

WRT*E

WFKE - AKERE - BAHR

W X IR, [HER), 12 532811, B
PRI BT B HUT KT - KERGOECZHEL, £
NHOZEMM - SFEN 204 R T 5720, 6 KOH
HI4Y (A~Fo4>) #%ELE (Figl). &5,
INEDT A v FICEF 148 A o FKEIE S (D&,
WK & B9, ) UL (HERMIX I 50 #st, (RE(X
198 Hh ) B X ONRIKTERE S (BLEg, KT L RES.)
SRS (IHSH) 8 M, 12 5381 8 Hurt, WIEEHE
K 6 Hi ) wE T, GPSllE (M 2EvE i) - Kk

HERELC X0, (EEEAE - AR R w2 FHI L 72 (Fig 1).

Z O, HTKBIHILIE, JexE O T KRIOZEE) % +
BT E BEEE (W2m) FORE L. BILIE
50mm £ (R =—V#) T, ARXEITHER S
JEHIRE ECL L, BEmAHTNICRALZ VLI IS
EHELZ. ZRHOHAIZB VT, 20024E6 A2 5 11

AR 1 B TKE - FAKRORS 2RI L7z, &b,
MO OFAE, W - HKERZET TREZIT- 7.

502, AR L 7SR AW S 230 A L TV Bk
D6HE, Ny F—T T IINIATHEEE(B26),

VX —AVF AT (BAD), IHEMKIENO A T/
H) Y AR (B52), [HEMIKIKNT Y 44 Y ~</anN
— & T AT BE(B66), LAY FATS—YFYFF
% (E9), 2V FA75r—a % (E26), IHEMX
BN FY~na~n—3 37751 8% (E45),
WM ORD 4 Higi, 12 53N B (R 1), 1253
WMNTH (R3), HEMNER (R2), HEENTR
(R4) T, 200246 A» 5 11 H F THREKME %2 H
WCHE KT - KT O RSB &2 4T o 72 (Fig. 1).
T/, LHAKOBED LT EEFMT 572012, A
~F 4~ Eo42 #EIZ B THILR B KRB LTV,
(fafl) BEARREE KD (Fig 1) . 2O, REREE
#1.5~2m&L, =784 7 (N 65mm) M
DK% R—=F —TRAET, KAEFTREBERN ZH5ZE L,
Fa— T L) ERAREE RS 7 (TEHE 1986). 4B,
FAIX 2002 4E 10 H A5 11 A OHfEA o ifE L T v
RIS 0 L 7.
Rk - Ak KERHE

KERAEIE, A~F 54 >~ FoH /KT G S 51
o (i 21 Hiad, FRIEX I8 30 #i k) & 5Tl 24 H sk
(I 8 #urt, 12 531 8 Hb s, BHIRHEKIE 6 Hh
B, BB 2 M) CTHEBEL 72 (Fig 1). #i
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Tk, HUF KL E VT —EEILN DK % 4 THE
W LZERICHEE - 72KE FHR Y 71X DRk L 72,
oA E, 200247 H & 11 H O - HKE % % i
FCERE L 7.

KEHHE, EC (BERIZEE), pH, @B EER
(TDN) - &¥f£RE) >~ (TDP), £% 45+~ (Li, Na
“, NH,*, K, Mg, Ca*") - 7=+*> (F, Cl', NO.,
NO;, PO/, SO ) THA. pHB L UEC 2D\ T,
B TR — % 7IVKEREF (TOA HM-12P, TOA CM-
14P) 12X Dl L7z, TDN -0V v him Ay ) v
LRSI G EEEE, TDP X~V % il 7
) B R—OE R, BT Ay - TS L E A F
sua< k75 7% (Dionex DX-500) & V) KE5HT %47
Slc. B, BIANGERRET A, AFHIETA
B (R7H A4 X45um) L7,

7 — 2 fER

T =S RNTRAT ) D72, B OEREE A\ % S
T AL L CHi RN (M N T A% i —Hb R T A 7,
JERIE A 2001) 23k, T AUE, MU & H R KT &
DOFfEE R L, T KE2 K E 1S 5 HE1E 0 cm,
WREL Y LIZHEGEIETT ADMHE, FTiZdsbLaE
~AFAOMEE LS, Fiz, KFIAEWEATE NS 11 A
(A5 5 72 HU KT B L OCHLR TR KL O 6 [0 F34 Ml %
K7z, Dk, 2o Ol % 2 21 T K (GW),
WREAS (SW) LR, 512, MTRKEOZEHOK
ESEFET 5720, W KEOEREFAE (GW-SD) %
KD 7=,

—77, TR BEYEKEE TIE, JKE D S R i
DIEE % U CRIEERD /2. KA S BT Sk
H,KED6 A5 11 HETO6 [T — % H 5 FHfl,
TR A R, FNEIKE (RW), K%E (WD),
K R (RW-SD) & L7z,

KEF—=7I12o20nTiE, THE1UL HO2[mES 7
T 8 DA O & AT I T
(1) AEatfsr

MR, IR, B & ORIk
BRI - KEDEBRZBETH72012, GW & RW, GW-
SD & RW-SD, SW & WD 7 & N2 & KE 7 — 7 123 L,
TR I, HEMIXIE, 12 53080, IHEE, Bk
K FHF & L7e— TR 5 E 50T (one-way ANOVA)
iTo7z. ZORE, WTEICHEEITRO LNz
\X, Scheffée D FHHEIC L 2 KR HOLEILE 1T 72,
F 72, R S 0 KIS O FB KRB OER IO
TlE, THELZHWTHER L. 512, KIS,

WK TS B2 a § 5720, REXKEL X
CIHREWXIZD 7 — % DA% T, GW B L 8 GW-SD
ERET— 5 L OBT, HAHRI ST (Pearson DAHEIFREL)
B L ORAHBEST 21T% o 72.

DL EDOMEHRENT T, /85 A N v 7 RfEN 24T 72
0, SEoEE - ERMER RS Lh o7z GW I/ (x +10),
GW-SD B L OKEF— %13 log(x + 1), FARIGREIZ log

(x) 1288284 L 72 (Sokal & Rohlf 1997). 7% B, #%
1 % A 12 1%, SPSS for Windows Ver. 10.1.3] (SPSS
Inc. 2001) % w7z,

(2) #FKE (GW) - HiFER KL (SW) - # FAKE
IR EE oA DHEE

GW - SW 7347, T KK B ke BE 534 & 22 1Y - ~FIIRY
IS 572012, FRLOHEIC & o THA T OH
BxiT>72. GW - GW-SD 2D\ Tld, FHEEROME L
LT, ZNZIAKE RW) - K HEEHER % (RW-SD)
w52, 7)FIEICE DM A T o 72 (Pucd &
Murashige 1987; Oliver 1990). % ®D [, Wif & 172 GW
DN TEDLLET/NELL LD LHIL, £INVETT
LET IV E LT Gaussian 5 & w7zl 7 ) ¥ 7
Ao 72, SWAOAIZDOWTIE, il GW 542 5 Hb
TAEERSETV (10m 7)) v F) KL, BEAH
SRERBE )R b Hh X B AR OREE S BT (2003 b) D HfLZE
L —HF—llEX ) EonmREESET LV (10m 7
Vo FEIEESETIV ; 2m 7)) v FEEEEET LV L
DIERL) ZWTAIEICLoTRD, T2, FI2—TC
BCiE o3 o Aris e & 0 iR Xl & OTH R XIS TF
BAEDVRD LN B & 3512, TIN (Triangulate
Irregular Network) (2 £ B[ 2 17\, b F KB 45
fixkfEg Lz, B, TIN5 DMHTIZIE, ArcView GIS
Ver. 3.2a (Environmental Systems Research Institute, Inc.
1996) % Fv 7z,

S

R KE - SAKEDZEED

H LKA EFREE AT (Fig 1), (RKIH O ke Bl 2
AT o 7ok R, KNG, 12 53201 R (R 1) >IHS
BN G (R 2) > 12 53T (R 3) >IHEH
T (R4) DAL % A @AM S - 72 (Fig.3).
7z, 12 53N B (R 1), HEMI LR (R2), 12
FEMINTFH (R 3) T, BERERICKMDS LA 518
MASA b7z, B2, R1%R 2 TIER 3I2H~KEL
AL ERT A D o7z, THIxFL, [HEENT
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it (R4) T, BMEELDDTFMOPELKELZITT
BY, KAEEOm 22, $+0.6m ORI THRALA
KL 7.

{RFA 2 TEE P O B RLK MR E RS T (Fig 1),
T KT O R 2 4T o 2o kE S, H KRN, B26
Ny ) F—2 3V INIATHBEE) >B4l (v F
— LV FATHE) >B52 (47 H) Y ARE) >E
9 (LAYFATF—YFYFFHE) >E26 (LI F AT
—aI V%) >B66 (A AV NaAXR—FFTIH
IYEFE) >E4S (VY= nNaxX—FFT7IH T
V%) ORI 2 2 @25H - 72 (Fig 3). ¥FiZ,
[HE XD IHSZANNT WA (B66, E45) & imE
Xi% (B26, B4l, E9, E26) B X IHEMXIED 1
7)Y ARE (B52) L ORMTER /Y UHTREL
£7:0, IHEMXISOHSHNNI WS TR K
DEFIKRE L, BEMEEEOKN EFHE, #2hI2KMD
KT AEAPESN. 22 TH, E45TIER4 (H
SHNT) OB & FRI NI ARICEBTAHT-D R
SNz, 72, B66 & E45 Tldfk & /NI DEDHy

Im b, E45 TIXHEEFICIER 4 O K X ) KD
o7z, ZHUIxL, BEXE (B26, B4l, E9, E26)
BIOHEBXIED A 7 2 HY ¥ AB%E (B52) Tlk
KEEDEENINE L, Ny ) F—0 2 I NI T %
(B26) Thed KMEBHIVNES { % HEADES N7,
REXE & (HEMRIBOKIREDER

MR XIS L OTHEM X - 12 5308011 - IHS 4R -
HIIRPEKEE S B 2 T KTE (GW) L3Rk (RW),
K TEE (R 22 (GW-SD) & /K iR HE(R 2 (RW-SD),
WFREARE (SW) &KkiE (WD) 0EER%E, —TRED
SEATIC X D HET L7 (Table 1), ZO#fEH, £To0%
HIZBWTHTHOAESEDBO SN, GW & RW OF
YoM, SR IX 8 > 12 53281 > B EHEK i > [H R X
B>IHEMINOMETER L 2, I[HEMEIITHEICK,2 -
72, I EI5HZ, GW-SD & RW-SD 122w T, {5
X3 < 12 5 SR < B HE K % < TH 2t X 3k < |TH Z5 42
NODONETE L R AEEH -7z, £z, SWIZDOWTIE
TE X6 B X O 0 B XIS CA B R ES B S h, 8
JE X IO SFIMEAT— 0.01 m & Hb T K I 250 3 1 P 12

3
[+
Q,
=3
E g
< :
q, 3
s 3
N —
- 3
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Fig. 3. Fluctuations of groundwater table and water table in each data logger site
(see Fig. 1) with precipitation from June to November 2002.
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BBV L, IHEMBXIETIE— 0.49m & IEF ISR E
R L7z,

BRI OWTIE, [HEMXE &R XIRO M TF
HICHRLY (t=—2.375, p=0.022), [HEHMXIETIX
9.9E — 3 (S.D. =0.004) cm/sec (n = 18), i J& [X 1%
TI1X9.1E—4 (S.D.=0.003) cm/sec (n=24) &IH
BEIXIR T, BEXIEBICENR 4 = —me e R L
7z.

29 L7 X & [H 2 X ] o0 7 52 % SRR 0
5720, GW, SW, GW-SD »45fix~ L7z (Fig.4).
ZOFER, GW I, EBEEBOHIE (N> FHhom
PR =7 HBl, IHERI - 12 5381 - SERifEl
BIRHEKER ICI TR 2 B b vio 7z 7 v FIRETR T
ZEDbhol, S5, IHEBKXIEO GW OH B AT
JRIX I IERBA B % MDD o 72, F72, SW I,
IHEHIRDIHE R LZB TR, — 2425 — 1.4m
DFEFTH o7, ZhiZxtlL, AV FAF—3 V%

(Sedge fen) /N> / F#K (Alder forest) DAl T,
—0.27205 0m & H F/KIAIAS M FR 1 3 35 | 2 B AL B i ) S
Holz. —7J, GW —SD &, b T /KEZH & [FREIC

(Fig. 3), HEMXIBOHEMILLZTTRE R DM

Table 1.

255 57z (Fig. 4).
IS OFHED S HEMKIZIE, BE X I N GW,
SW 25K <, GW-SD 3 & OBKIRESKE VT L 5HH 5

MR o7z, 2O &) RMENIIHS L% CH#ZE T
Horz. T, [HEMXIEAWREXEE 4 % 5K

TREEICHAHZ L, T/, ZOEKE L THEHIOM
KR E DR L TWDL I EEZRLTWA,
REX - [HEMXE - )l - BREKRICHE (T 2KE
BADER

MR XA - IHE MK - 12 55 - ISR - B
HEK I ) C—JCBCE 53 AT 24T o 7245 %, TDP, NH.',
NO:, NO;°, PO/ %< & TOKEG A BT
HHNIz(Table2). %2 Th, LEILEIC X ) BEX K
CIHRMXIE E O THEERD b0, EC,
Na“, ClI', Mg*, SO TdH by, E X IH X 5
12 EC, Na®, Cl7, Mg™ 2T <, 12 SO/ (131K
WZEDPHL NI R o7z, BRI, REXETO Na*, Cl
B OFHMEIX, FNF08 50 mg/l, 80 mg/1 & IHEH
KIRIZHARTARBLE TR L2, 2B, Ihb0Kk
EA IR SR B L OV 12 531, WP & FAk
WCEWTZ EEED SNz (Table2). F 72, [HEMX X

Mean and SE of water table in the five site categories, and the results of one-way ANOVA testing among the

sites. No significant differences among the categories are denoted by same letters (Scheffés test, p >0.05). Significant
differences between the mire area and the pasture area are denoted by bold letteres (Scheffé’s test, p<<0.05).

Jyuni gou shisen R. Mire area

Drainage

Pasture area Kyu-Setsuri R. one-wayANOVA

Variable

n=3~8 n =98

n==6

n =50 n=3y8 F ]

1.870 (0.039) a
=0.009 (0.005) c
0.030 (0.007) ¢

1.656 (0.170) ab
1.428 (0.131) a
0.073 (0.011) be

GW/RW (T.P.m)
SW/WD (m)
GW-SD/RW-SD (m)

1.306 (0.262) ab
0.713 (0.206) b
0.083 (0.022) be

1.033 (0.097) b 0.159 (0.122) ¢ 38.876  <0.001
—0.485 (0.071) @ 0.890 (0.141) b 97.144  <0.001
0.155 (0.011) ab 0.218 (0.071) a  33.847  <0.001

Pasture area / -

Alder forest
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Fig. 4. Spatial distributions of mean groundwater table (GW), mean surface water level (SW) and standard deviation
of groundwater table (GW-SD). Contour interval of GW is 0.2 m.
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IR B X RSN OMICMET 5120 Mb 5T,
EC, Na*, CliREEDFIMEIZ, BIREPKEES X RS/
JMIZHRT, 1/225 1/8 b Kwiliz/RL 722
(Table2). ZHuizxfl, SO MEEEIE, HEAI - [HE
WX T, WX - 12 531 - BRI I2 X 1
=7 =L B BEINDTRD H L7 (Table 2). F72, i
JE X g & [H X 3 & OB THEZEITRD SNk o 7
25, [HEMXI8 T Ca™ LS 2 F5FERE, NOs™ RIS 10
(A= WA

DX RIS WK s> (EC, Nab, Cl,
Mg, SO/, Ca’') DIgEESA 2R L7zfER (Fig5),
EC, Na®, Cl', Mg iFE1x, ZhZNFkE% 94 % R
L, WERKIEOP RIS 12 5 FHROM T <,
[HE A1 R 32 BB S HE KB L2 ) T < 7 A A5
o7z, TO XD BEM & AEZ, SO/ IEIH RO K
WIHEHT T OB Tr 2 A @Emdd -7, F
7z, Ca 22w TlE, HEBXIBOBI A DI 1~
L TREMICE VRG2S SO0, [HEMXIEE &
UM 12 532881 - SERE B RHEKER H 8 <, {RR X
DHYLE T A - 72,
HFKE (GW) - T KEEZEERZE (GW-SD) E#MTF
KAKERPRE & DEEF

GW & GW-SD & O 12 OB EAR AT & 7= 7=
B (r=—0.56, p<0.001, n=>51), HVOEELK
PSRN T 5 2 L DT E ZRMBESHTIC L o T, KE
BATIREE & DBRIZ DWW T ENEIHA L 725l 2 17 -

72. ZO#E%, GWIXEC, pH, Na', Mg, Cl &)L
DIIZIE, SO/, NOs™ B L OMICEDOHEAED &
N7z (Table3). % Td, Na', Cl°, Mg B, N
FTIVFREIREVDLDDGW DK T I TR 9 218
AR SN/ (Fig 6). F7:, SO BEEIE, [HEHIX
T, GWOTIZEWIEnd 2 @ma 6o i/

(Fig. 6).

—77, GW-SD 22\ TlE, Li7, SO ifE & ofICIE,
Cl', NOs L OBICEDOIHBIAERD &7z (Table 3).
HZ, GW-SD i d & 12, Cl i ASe B 51
T3 A6 2H -7 (Fig. 7). F72, SO HEEEIZOW
T, IHEHKIEIZ BT GW-SD OB & 288
B RSNz (Fig 7).

GW 3 X 0° GW-SD & & i 12 HE i 2 fH ) AS 4 & AL 72
B OB IOV S 2 ORE 2155720, KE
1543 B W O AHBE 54T % 47 - 7246 %, EC, Na®, Mg,
Cl oMIZiE, TN ENmNIEDOMHE RO 5z
(Table4). & 512, {BEIXIE - [HEMXIK - 12 53
JII - BHEEHEKES - IHEMI O Nat— Cl” o FE=ILIEX, —
oAk oERIL (& :0.55) IZIF—FHLTwi
(Fig.8). TN b OfEFIE, ECAEIZNa®, Mg*, Cl°
BEEICHAE L TnA I L, TR DEEMAKERTS
HIEERLTWVD,

72, SO& 122w T, EC, Na¥, Mg*, Cl° &,
NO,” L IEDOMBEAEED 57z (Tabled). IHEHE D
SO/ —Cl oFEEIIE, o KkoERL (HX .

Table 2. Mean and SE of water quality variables in the five site categories, and the results of one-way ANOVA testing
among the sites. No significant differences among the categories are denoted by same letters (Scheffé’s test, p >0.05).
Significant differences between the mire area and the pasture area are denoted by bold letters (Scheffé’s test, p<0.05).

Variab] Jyuni gou shisen R. Mire area Drainage Pasture area Kyu-Setsuri R. one-way ANOVA
ananie n=38 n =30 n==o6 n=21 n=2_a F »
EC (mS/m) 15.16 (1.24) bc 34,58 (4.16) ab 42.08 (9.45) a 13.49 (1.88) ¢ 46.01 (14.31) a 11.072  <0.001

pH 6.02 (0.06) ab 5.74 (0.12) b 6.43 (0.15) ab 5.63 (0.11) b 6.86 (0.07) a 8.610 <0.001
TDN (mg/1) 1.34 (0.10) ab 1.80 (0.17) a 1.09 (0.16) ab 1.88 (0.21) a 0.74 (0.08) b 6.675 <0.001
TDP (mg/1) 0.12 (0.03) 0.08 (0.03) 0.04 (0.01 0.08 (0.02) 0.06 (0.01) 0.812  0.523
Li" (mg/1) 0.00 (0.00) ab 0.00 (0.00) b 0.00 (0.00) ab 0.00 (0.00) b 0.01 (0.00) a 6.595 <0.001
Na® (mg/1) 20.58 (2.02) cb 51.28 (6.18) ab 65.56 (12.78) a 13.86 (2.71) ¢ 60.85 (19.49) ab 17.928 <0.001
NH," (mg/1)  0.14 (0.03) 0.31 (0.06) 0.15 (0.13 0.33  (0.06) 0.13 (0.03) 1.791  0.141
K" (mg/1) 1.18 (0.09) be 1.58 (0.20) be 2.52 (0.57) ab 1.06  (0.15) ¢ 3.93 (0.80) a 11.959 <0.001
Mg (mg/1)  2.75 (0.23) b 6.57 (0.68) ab 8.72 (1.95) be 2,75 (0.51) ¢ 8.68 (2.33) a 10.719 <0.001
Ca*" (mg/1) 3.53 (0.44) ¢ 4.94 (0.34) be 5.12  (0.85) be 9.94 (2.21) ab 13.01 (1.53) a 10.748 <0.001
F~ (mg/1) 0.03 (0.01) b 0.04 (0.00) b 0.05 (0.01) b 0.05 (0.01) b 0.13  (0.00) a 30.823 <0.001
Cl” (mg/1) 31.13 (3.71) ab 80.11 (13.03) a 93.37 (17.87) a 20.55 (4.57) b 84.47 (32.12) a 12.081 <0.001
NO.” (mg/1)  0.07 (0.04) 0.02 (0.01) 0.02  (0.02) 0.03 (0.02) 0.03 (0.02) 0.666 0.618
NO;~ (mg/1)  0.06 (0.02) 0.25 (0.12) 0.06 (0.01 2.38 (0.92) 0.80 (0.12) 3.732  0.008
PO/ (mg/1)  0.01 (0.00) 0.03 (0.02) 0.01 (0.00 0.02 (0.01) 0.01 (0.00) 0.173  0.952
S04 (mg/1) 1.77 (0.39) ¢ 1.47 (0.31) ¢ 0.85 (0.13) ¢ 10.61 (2.29) b 23.03 (4.63) a 24.974 <0.001

Note: EC; electrical conductivity, TDN; total dissolved nitrogen, TDP; total dissolved phosphorus.
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Fig. 5. Spatial distributions of water quality variables.

Table 3. Partial correlation coefficient between groundwater table (GW), standard deviation of groundwater table
(GW-SD) and water quality variables (df=37).

GW GW-SD
Controlling factor GW-SD GW
Variable 7 7

EC 0.337 * —0.171

pH 0.369 * 0.138
TDH —0.003 0.131

TDP 0.004 0.008

Li* 0.170 0.318 *
Na*® 0.453 o —0.273
NH.' —0.090 —0.020

K* 0.101 —0.229
Mg** 0.339 * —0.104

Ca™" —0.217 0.245

F- —0.308 0.277

Cl- 0.475 o —0.343 *
NO, —0.123 0.126
NO;~ —0.636 . —0.337 *
PO/ 0.116 0.048
SO~ —0.605 o 0.341 *

Note: *, ** indicate p < 0.05, p < 0.01, respectively.
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Fig. 6. Relationships between mean of groundwater table (GW) and water
quality variables. White circle and black circle indicate the mire area and
the pasture area, respectively.
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Fig. 7. Relationships between the standard deviation of groundwater table
(GW-SD) and water quality variables. White circle and black circle
indicate the mire area and the pasture area, respectively.

0.14) &IZF—8F MDD > 7228, WWEXE - [HE = =
WX - 12 5 3G - BIERHER I O E R IS RS2 -

— DMK OERERECRR -T2 (Fig8). 72, [HRIRBICE(T 5 TEEZEOER

Cll iREEDHIIN & & H 12 S0/ IREAMRT § 22 D —iAYIC, WRIEIXPHSRT, TR ORMZE) 3
o7z, /& < HBITEISIRE 2 KR I12H A (Horne & Gold-
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Table 4. Correlation coefficient between water quality variables (#=51).

Variable Na* Mg** Cl NO; SO/
EC 0.820 ** 0.843 ** 0.787 ** —0.293 * —0.617 **
pH 0.056 0.106 0.012 —0.410 ** —0.294 *
TDH —0.204 —0.107 —0.232 0.332 * 0.195
TDP —0.160 —0.077 —0.124 —0.0067 —0.009
Li* —0.228 —0.259 —0.210 0.023 0.276
Na™ — 0.873 ** 0.978 ** —0.410 ** —0.702 **
NH," —0.189 —0.147 —0.211 0.187 0. 250
K* 0.374 ** 0.434 ** 0.390 ** —0.201 —0.287 *
Mg** 0.873 ** — 0.846 ** —0.465 ** —0.542 **
Ca™ —0.359 * —0.029 —0.313 * 0. 264 0.382 **
F~ —0.405 ** —0.285 * —0.463 ** 0.603 ** 0.605 **
Cl™ 0.978 ** 0.846 ** — —0.395 ** —0.702 **
NO.™ —0.192 —0.178 —0.142 0.193 0.083
NO;~ —0.410 ** —0.465 ** —0.395 ** — 0.546 **
PO/~ —0.110 —0.125 —0.067 —0.079 —0.116
SO#~ —0.702 ** —0.542 ** —0.702 ** 0.546 ** —

Note: *, ** indicate p < 0.05, p < 0.01, respectively.

Na* (mgl/l)

T T T T T
0 50 100 150 200 250 300 0

CI- (mgll)

| O Jyuni gou shisen R.
Mire area

Drainage

Pasture area
Kyu-Setsuri R.

T T o0
100 150 200 250 300

Fig. 8. Relationships between concentration of CI™ and Na*, SO,* . Solid lines indicate Na® — Cl~
weight ratio and SO/~ —Cl~ weight ratio of seawater, respectively.

man 1994; Wheeler & Shaw 1995) . Z Fil 4 [X 45 o {0 )5 [X 45
T MERIS, HFKEIZHEE L SN, K ZH) D
NS, BRI R OKCIRTEICH B L EZ L7z,

T2, —fRICEE O HEPICHEET 2 KkOE) X 13EET
HDHTEND, WTKRMIZIERROILKIZH - 725507
Y=Y ERTIENE L, BIHERY Y Y FIRER S
MABEIEME ORI TIEZE O AR 54 b ~ 7 > FIKIZ
HAZEDHMONTWS (Ingram 1982). AFAEX I T
b, FERRICH T KE AR S s Lz~ o v RikE
RL7C720, <7y KO EECIEFAAERXIEBE L S DK
g & 0 B FAKIC L B AREHGATHEB L TW» b Z & AURIE
Endz. LA L, SEKIECE 12 53800 5 P B 42

BEREE 1A > TR 2 ICH T KRS T L Twab 2 L
Wt L, IHEHDKIE TIRIESEA)INZ A o TR
S AMEIAD D o7z, & 51T, HTKMEERZ(GW-SD)
HREC, HERAN (SW) 25w & v 9 {5 K & 1
WOfEA Z IR L7z,

FEHDBHZS A O W TORAL DAL DR IZ DT,
PR OE ICHEH LzHmEDS% < (Bl 21X, Cownway
& Millar 1960; Brurke 1975; Nicholson et al. 1989) , /K %
DIRMART I, R OH TR S Nz 25
T4 5L SN TWAS (Baird & Gaffyney 2000; Van
Seters & Price 2002). 44, AFAHOIHEMXIK TS,
BRPEKIEIC & > THITAKDOFEAI R SN TW D & E 2
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bivTwie, L2 L, SEEIZE, T KRmIEIHSEINC
2o TR LT 5 2 & RIS 0K 258 T
BnwZ s, HEJ KIS, ©LARFIZE S0
JNOGFWIZ & o TRMDIT LZIHEHNA5K & 2 IR
Pk e LTRRE L €, [HEMXKIEOH FARDOHEK 24
LTWwWaEEZONL, Z0720, {BEXIE S IHEMX
WEDOMTREDOESDOERNFHN-LEZOLND, &
512, MAKIZE o THHE S N7 T ARDSER 2 ICIHE
JNANHER SN B 7280, IHERR#5ESCH T KT DOZ5H)
WEL RbEEDEH /2 FEZHNE, 72, HEH
TFEEREL T, HF KT AN A 7 B2 B 2 TR g
s, HFKEISHT S THMORESE b LE
ZHNA, M T, IHEENKMIZmER RS AR
AT 5720, ZOWMKMEED b HFKAAENIREE L %
Db H b s, HEMNNOHKIZIT TR,
HEMN 225 DKDFASBELTNRE EEZ LN,
Al L 72 HIEP OREFR O B2 Of#EE, 5Ly —
DFEHITREND L )12, BARBIKREL HRDIFER
SR, EPTomEOEmE &b IZHKORE S K
EL b, AT ERETHRIEOBALE KR, 5
ROMEAZZD D T6.2X10 ecm/sec TdH % (Evertt
1983). F 7=, SIERITIHO IR DEKEEE, 107 cm/
sec DA —=F—THbEHEIN TS (FEF 1991). &
FRTYH, WEKIEOERGEHIE, B4 107 cm/sec D F
—¥—=THh-o7z. TNIHL, HEBXIEOEKRERIE
10 P cm/sec DA — ¥ — A RKIFIHRT 4 — ¥ — 5
e AEImDRE SNz, T, mil L7z & 9 ICIHE

XIEDOWRREIWEEPREALTCWADEEZ NS,

F72, 29 LZHERBXIBOEKRROE S X, HEH
NANOHTRDOPAKIZEHFT L T0DEEZER NS,
PlbEoZ Ens, IHEMKIEOHSEE) 28558 T I
WIREIZIHE RN 26 DRINZAT 5755, HEMX IO 4
KR TROEE & LCid, FIZIHEFEN DKM O
TRIHE MR O ERRE O S AL T, [HEAI
NOPKDSHEBE L, [HEMRIEEZGZEIETnE LER
bNb,
REXE & BRBEIEDKXEZEDENDP KERD ISR
FIEE
KEBGORREE LT, AFEMICBIT 2T KOE
SAEHEEE - F MY ALY AL TR
7 LA T IR EE AN ORI IRE I BT Ao
BlIE D BIEFITE N DT 5N D (Wolejko & Tto
1986; Hotes et al. 2001; Nakamura et al. 2002a; Yabe et al.
2002). 5 OO IRE KR H R IX I 51 5 it

MR ICDOWTIE, AR IFET A LIETE R
WS, TRIE XIS HE X RO T - U Y A A r—HE L
WA I BRI HEOWmKOERL LT T H
EMD, INSOEHITEKBEKTHLEEZ OND.
LaL, SIS OEEIEEDSAH, WRKDRANEZ
SN IHEMINE S, R XKIBOHRREBTm < 2
B2, FEMMINNLIRKEANDRERALIZOTIEZRC,
WK% G ATZH T RO HZEHDER DG,

PIRDFTERMER M T RKDOEKRAELAKE L 25T L,
BHEOWESRIMCHER SN T { %% (Baird &
Gaffney 2000). fit->C, HiF/KIE (GW) O TFIZfEW
IS OYHEENET ¥ AEAE SN0, T
KOBENZH b CHEFIHEE~FEE s bz b
Ezohb, F7o, HAWA F U iZonTiE, K
KRR 2 (GW-SD) 2SN 5 1RV 5 4 [ 5532
HHENTWS, I T KAFEEREOKE S1E, BEWNEEO
WIKED L5, ZOH%RDZMEKMLT & Vo2 T
K DEE N7 PNHIEL T B, (E-T, B A +
¥ DS T KT AR E R 22 OB AN T 35 D1, JKAL
FRIC X BIEFHOAMIRE KAAL TN X B HEKRDO B H3 4
Lh7zdrEZONE, TNHEDOZ ERIHEMKIEIZN
Mo THTKEAMET L, WTKAEEREIKEL %2
LIRS LAY DL, WERKIIC A & X 5
THRIN)T ALy HtA A Y - =T FR T LA F
VIBEMEVOIE, FHIRRPEKE Vo 2 ES BT
MBI T2N D X9 e AT = X LD R T
WhTHEEZLNS.

ZO L) ICIHEBXIE TR THNOH 2 IS L,
WA A RNV WA T VEEICOWTE, IHER
KIS T i 2D S > 72 KFEEROBRRA 4 > =
HNT T LA F IR, SIEIRIFEEARN T O RIEE
O H T K OfE (SO 1 0.22~0.96 mg/l, Ca** : 0.75~
2.26mg/l) £ Y bEh-o7 (WElEH 2002). WlEA1 A+ >~
BEEIZOWTIE, IHEMKEO 2T, mEikiciig
FEN D HKANRAT B & 2 O NI IHERN T il 2
TEmLl e AEmERLZ. LAL, WA+ - —HEtYw
A4 YERIEIESEICHROEE LR o TS
7280, WA 4 ¥ OMEIFIIHSEITIIIKICEE S
Bl wvd kb, EnbirodishTwns L& 2
S, [HEBXIBOBHEHEN TEEEL(E 4 2 fH)
DHEIZL K EENL KK, HEVIE, —HICTRKRE
HWOREEE L THWENAHEET »E= 7 AWK TIER
W LHEERE NS, —TF, ANVTY T AL T VEREIZOW
T, EBEXKIRE D S IHBEBXIE T2 428 m < &b
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rell & Doyle 2003, Price et al. 2003), J& PRI I %2 #1 T 7k D
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NTWw2 (Bardsley et al. 2001). 7z, T1 T TOHIE
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