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The influences of deer overbrowsing on nutrient cycling in forest ecosystems:

Preliminary study of streamwater chemistry

Keitaro FukusHIMA® and Naoko TOKUCHI™

VAL BERTREECRESBHEEROWHEHRBRICS A 2B EWLN T 00, HERFHEEMAEMAT
PDiEMEZRELLUBEREL 2ho 2 KBOBERIBRG & KEKBAOHA S 5 & B ¥ 0K ZHRIL, K
BAfE Lz SEAMERA Sha RO/ NMEKBH CRIFERKEVERICE 20722 Lh s, REERERHZHIC
FH—THBZ EHFRBENL. —F, 10ha LEOHEH # FHOSEKEKFTIKECEIRDOLNT, ERBEETO
KEABEHEBEIEBLREL VO OLEALNL. T, MRRER 1LETRRIEICELSR O N e dh o7z M
REHOTEEEDOEBRFERMMICRY ORI TH 5 I e S, RARBEREZT T (KREBRERD
IR~ EERTES/MEAKRD R L LB TS, KRERICES W TMIKEZ & A CRSERER T
LY, VHORESEBRBREEEIIRIZTEERBHTELI LM SIS,

F—-0— 8 REAKHE, TREMA, mARE S%EN U

Currently, the decrease of forest understorey by Japanese deer overbrowsing is widely reported in Japan. In order to
clarify the influences of the understorey disturbances by deer on nutrient cycling in forest ecosystem, we examined
streamwater chemistry in the U watershed, where deer exclusion fence was installed over all, and in the unfenced K
watershed. One outlet and four sub-catchments within each watershed were used. The wide variability of streamwater
chemistry was observed among sub-catchments of both watersheds, while no significant difference was detected between
both outlets. This indicates that by using not only outlets, but also the small sub-catchments within the watersheds in our
study sites, we can evaluate the spatial heterogeneity of streamwater chemistry, so the effects of spatio-temporally
heterogeneous and gradual recovery of understorey vegetations after deer exclusion can be expectedly comprehended in
more details. The results also indicate that throughout one year since the fence installation, there has been no effect of deer
exclusion on streamwater chemistry yet. Continuous observation is needed to clarify the effects of deer overbrowsing on
forest ecosystem functioning and the definite impacts of atmospheric depositions to nutrient cycling in our study sites,
where the watershed design is convenient for clearly demonstrating them.

Key words: streamwater chemistry, understorey vegetation; vegetation recovery; nitrogen saturation; Japanese deer
(Cervus nippon centrails)

1. kU % (Virousek and HowarTH, 1991).
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fE, BRBARICH L TRANOEHRRHENFFE

THAHN, MUPFETE2BBEOEE (RICHEE

TYEZTREVoEREER) 345, LELE
HHOREOHBER & %225 (3%, 1987; VITOUSEK and
HowarTH, 1991). #0780, HHAEREAANOEER
HERFICHEPICL 2RI L > THESN, £BRO
ERNFRECHARETRINEDNT Y AL o THRE

PENE EE B BEDEKE S HE SN (Acren
and BossaTa, 1988; OHrUI and MITCHELL, 1997; ABER et al.,
1998; MATSON et al., 2002). Z OBHIIEREM &L
5 (ABER et al., 1998; MATSON et al,, 2002). ZEFEAAN
HeoF BRI, THEbCEd o TREFIEERE
It REICHHB SN, BYORRRP IIETORELR L
WX D HBMERROERRIFRNZ LE S SRR
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WMATB-DTHBEENTWS (ABER et al., 2003).
HHWE, ANBNLREEOLLRVIRETOEZBANOK
HeELT, EERTENIVLRVHBTHHBHMKOL) %
RBYOREIEACERF L FRCIIEREFEIIS
<%, REFOHFEKRI D LERMHIE 25Tk
b BB SN T b (ViTousek and REINERS, 1975; HEDIN
et al., 1995; GOODALE et al,, 2000). ZBZEHMMHEOENR
BABIZED500ENIEHLLY, BEHMHIELS
ETHANOEZRATHFWAL , THREBLEBR~OEE)
Basns.
AARICBWTOEEBMEEZ 2 SN L4 RBEEPR
HENTWwD, -k 2 X, BHRERRNA PrOOBEL L
TS HENT-FHROFETARTHEBERTYOEE)N
B X g o T v b (Ourul and MITCHELL, 1997;
SHIBATA et al., 2001; RFES, 2006). —F, FMAERER
NOBFENFICHETALIERLEL LT, 2000FEEHP 5O
=Rk ¥V H (Cervus nippon centralis, LUF %) OEM
EMAEITONS, REREEHYTH L ¥ H O8I
HYBREZL o THEROTBHASERKEL 2D (R
5 2006; A - BAHE 2006), TREMEAENRE - FEFT 5
BFL EOBRSTTEN, TS RINTHT B TRE
W# % 5D (Furusawa et al,, 2005). 7 5 A H Tk i —
2 (Alces alces) %X F X (Salix planifolia pulchra) %
BEL, EXZELEWERERNIIEICRAINS
EESTHRENMETAIENTENTED (MOLVAR
et al., 1993; WARDLE 2002), & HIZEAAY OMEEDS
BN L THAEMNAEICR S L HEOT{LREL %y,
WERERRICEA 2 EEIRAREFEH I Tw 2
(RooNEY 2001; COTE et al., 2004; McGraw and FUREDI,
2005). LA»Lads, NARIOIZEALECERT
DEZRINZOEILORRAD, BFERAROHND, Y
DEREREDOKT 2, KEBYOMEOKENEHED
DVWIEEREROBRMB~NOFSZ2HETH &L, F
MAERRIIBIT 2 EFHABELBHL, T~
Br TPl ETHEEICEETHLIIODDLT, £
DMEFIBES TR, EE, D Hhs— A% E0KHE)
WC & 2 BT BHAEOER RS FER S A
DTWEDY, WEERE CTREICANTFERERRL A
WTOEBIZOWTIRIZEAEHELPIZEN TRV,
KR ORER TH 5 ZEFHEHT ORI KFE 7 4 —
N FREPERISE Y v ¥ — BRI T 2 b E R
WMEL, BFSELLEABNICBE SN TVRVE
CRRAEIES B, 2006 4 & ) BEAEFTREMARNO U FEKIE
SERCHEMEHEL, BEMTEEL 2o 2BET
HERKBEKBELBLTYIOREORELINET S
WD S, RICEFKEFEICTRIEAICL S
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EBORNBICEEENLOTHNIE, UHE KB TE
WMAKEZRETLZ T, VAL A TEBRAEORL)
RKAMICBIT AEZFHRBICEOREFE LTV A EH
LHPCTELEEXONL. AR TIHET, BiFMz
BELAUGEZBLAP> T KAT, REEMID]
ERPRRMUZERROKRERIBB L. F72, RKE
Y OBINEOATIIRT Shvizd, BEMoOEE
ZTHLPICT IR BENRBTOMONREERER DS
BRZDOWTHRETALEND S, €I TR, FERE
P53 B /NETIROKE % I L T HEKIROE 7
LHREBRERELHEEL, KEBEA I =X L2200 T
BB BRBICEEICBITL Y I OREIERTKEIZ
5 5 EEBLMPT L0, Inbo 2 £KR0
PEWTH LI EEREL:

2. A¥eHE
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Fig. 1. Study site and streamwater sampling points in U and K
watersheds in Ashiu Forest Research Station, Kyoto University.
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F 1. ERIEOBR.
Table 1. Details of observed watersheds.

Area (ha) Elevation (m) Aspect

Ul 13.4 654- 787 NEN
U2 2.3 682- 778 E

3 2.1 692- 787 ENE
U4 0.9 718- 787 NE
us 0.2 718- 763 NWN
K1 19.1 655- 828 - NEN
K2 2.3 670- 800 E
K3 1.4 698- 813 ESE
K4 0.3 750- 800 NEN
K5 1.0 760- 828 N

Ul EKHZENENUR, KAEOEMKE RS, U2-5, K2-5iHEK
W o /NMEIKIE. B & FAITLS000 I RE L Ol R T —#
RO b, REEF—)2SBUTEH L. EHIZ1:5000405%
B %A A, EHEEHRAE Y 7 MNEFR, 20002 AV THEEL
7.

Ul and K1 are the outlets of the fenced U and unfenced X watersheds,
respectively, and U2-5 and K2-5 are sub-catchments within the
watersheds. Elevation and aspect were derived from 1:5000 geological
map and location survey data (Sakaguchi et al., unpublished).
Watershed area was computed by Image Analysis software developed
by Moriya (2007).

U %, KBHNo/NERBOME, T £ SEkh
REIBLUERIWCRLZEBY) THE, HEIIRE
EBOFFEFICEL, BERINE - REI SR LIRS
Tdh b, 1976 ~ 2005 £ T TOEPHRIER & FEFHREK
=i, BAEMEREEIT1L9T, 2298mm TH 5 (K
HRET 4 — v FREEEWEL > 5 —, 2007).

KEMEIWZH 2o T, BB pH 245 REBHE
(TOA-DKK % %, HM-20P) T, EC%# X 2 E W &
(TOA-DKK #:#, CM-21P) Tl L7z, EBREIZEL
& o727V owT Nat, NHy, K, Mg?, Ca¥,
Cl, NOs, SO, POSREZAF 7 ux M7 7k
(Dionex #1384, ICS90) T, SiiEE%* ICP 795 X<%H%
a6 (Seiko #:8, SPSIS00VR) T, BFEHRRERE
(Dissolved Organic Carbon; PUF DOC) 2 % IR L
-IRAVR AT A AR (BEEIERTE, TOCV) T, &%
# (Total Nitrogen; PIF TN) BEE & BRIl - (L%
ek (NO i) (BEEERE, TNM-1) THlEL7%.
HCOy IBEIIDOWTIE, A5 4 VIBEORMLT=F
VEBEORMEZELIIWEL L. BHEAREES
(Dissolved Organic Nitrogen; 2L F DON) BEiX, TN
BE>OEBEZEER (NHy + NOy) BEZZLIIWT
Kol AR TIIREFORE (2006 4 10 A 2 HERK)
ROl AR L LTHER T o 72,

79
3. BRRUEBE

3. 1. U%, KEEKEES LUEKERTOKE kS

UL, K1 B & U U25, K25 DKk ® pH, EC, AHFHE
WEILE O M OB TIHEL R2B L OEICTRT.
UTTIKREERERD S H, BEAEWORILEIG, A
F VWS, MW OREREL, BHOWN, BTROZS
R BEREHEICEH L TATYE I L ICBREOEM T
EEEINY — VEIRL, FHRKIBITBIT DFEFHAKDOKE
BRI OWTEET S,
(1) pH, EC, Na*, CI

FHkO pH & ECid, Ul & Kl TREBREVIZE
< (R2), MEKBTHERENENG65205 7.0, 35
mS/m 2°5 5.0 mS/m Tdh - 7225, U4 Tid pH 7% 6.0,
EC 7% 3.0 mS/m & B /MEKIB L HEEIED -
72 (P<0.01, #£3). Na* & Cl OEBE D £K383KE Tk
HEELREVZRD SN2 o208, MEKIEEZ LT
LHERETHEIDLHEEIIE» -7~ (P001, &2, 3).
EHKF O Nar, ChixBbICHKHEET, EHRKET
ORI TEWE - WL EENITE ALEL, B
BRI L DB A XY ML AHRUC L o THERE
PWEET 5. K4 EKIBROKRESE T F ORI E- 72
Fry FICHEDLNTEY, BIHVICES B Y47
ABBEE o Twiz, HRHFEIINa, CIIBEEO LAY
R &7 KaurrMan et al. (2003) <° NeaL et al. (2003)
OWEFTOHRBED X 512, Kb TIIMICERTERIC
& HBRMEIERAMbO/NMERIE L D bW &, B

# 2. Ul, KLIZBTARHKE.
Table 2. Comparison of streamwater chemistry between Ul and K1.

Ul. K1

pH 6.87 (0.13) 691 (0.14)
EC (mS/m) 446 (0.29) 444  (0.29)
Na* (meq/L) 0.183 (0.011) 0.186 (0.010)
NH,* (meg/L) 0.002 (0.002) 0.002 (0.003)
K* (meg/L) 0.010 (0.002) 0.010 (0.001)
Mg?* (meg/L) 0.140 (0.013) 0.131 (0.013)
Ca?* (meg/L) 0.165 (0.013) 0.164 (0.015)
CI- (meq/L) 0.159 (0.016) 0.162 (0.013)
NO; (meq/L) 0.021 (0.011H) 0.024 (0.009)
SO,* (meg/L) 0.040 (0.003) 0.037 (0.003)
HCO; (meq/L) 0.280 (0.038) 0.270 (0.036)
Si (mg/L) 2.96 (0.38) 3.02 (0.34)
DOC (mgC/L) 0.948 (0.347) 0.830 (0.296)
DON (mgN/L)  0.060 (0.054) 0.052 (0.080)
AMTHIREREERT. TTOKEER 2L TULEKIOMICHE
RFEITRED LA o T2 (SchefféDFRRFE, P>0.01).

Arithmetic means (S.D.) are shown. No significance were found between
watershed by one-way ANOVA with Scheffé’s post hoce test (P>0.01).
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ROBHARE ICE LS L 2EE O RHK S 258 IcE
HRALLZ L, WP - 5 LA Re 6 0Bk E
EOMRER L E 2 5 b (KAUFFMAN et al, 2003). L#»
Lahs, BRICK > THEYWORTDE 2, BE
X0 LAIGEEAEMU-HEFALLECHREINTED
(72 & 21X BorMANN and LIKENS, 1979), K4 T Na*, Cl
BEFSVERICOVWTRE SR IFENLETHS.
—7, 2006 F 10 A 2 HOBWIZIZEERIBIZBWT
Na', CHEEMMETL, BRICL-> THERENLDDOL
Zzo6h5 (H2,d).

(2) Mg?", Ca?*, HCOs, S0.,2, Si

KEBETYWE LTHRALZBLHBEF CER S8
R EE, TEAOBRE S THERORMLRHFF VR
WIZL o TS NG 720, EXKBATOKRYE & BERE
BRI HEICBR L TWwA v 2 5 (REUSS and JOHNSON,
1986). Mg> % Ca¥* X FIC B TOA F VB EIG T,
SiRFICEARTHESRPIALL, ZETOK
D EEEH (USKEE) 2NERKFOINS OBFYE
DRBERIC B %5 2 5 (REuss and JoHNSON, 1986;
LIKENS 1986; DRISCOLL et al., 2001). L7:2%->T, £EL
BARKOFEENKEVIZEREAKD pH 2 Mg, Ca*, Si
BEMEL, BL ORISR 5ICiThhz i TR
FEBKENTE Mg, Ca?, SiEENEL, pHH»7
& % % (OHTE et al., 1995; SouLspy et al,, 1998).
7o, ZEEKFOSHREIZFEBOMTKIZEE L, Bk
KD SHREIZIZERB L EBOTIBK - T ROBEEE
ARBEEN, KEREA DAL 2 ILBTLIBROEER
L LTHwS RS (HooPER et al,, 1990; Asano et al.,
2003).

RAER O Mg, Ca? #EEIWE, Ul KIFTEHEE
REWHER LN o lodt (R2), MMEKERE T U4
L K3, KAeTHi L 9 EEICED -2 (P0.01, £3).
Mg R Ca*DERA T VI —-TF Y THbSOZR
HCO; 3, Mg, Ca? LIZIZABOBEmMER L (B
2,3). —H, SIBER U4 TEEIEL, KSTHEI
Birodz (P<001, £3). ¥/, FidorBHU4D
pH 2MUDETA L T 0525 1 BERKD, -2 U4
MO BEFKTIE, FKE BRSSO /NMRK
WX LERL, ERAICWS T TICBORMIT45
Kb TV WITRERE L 5N 5. K3, K4 Tk
Ca*, Mg%, SOZ, HCOy BEMMUOFIRL ) 1B,
T2 SIBEEELREVERD O NP oo &0,
IS DNEKIRTIRMO/NERIBL D b LETOREF
A U TBEROFGVPRNZEPRBEING,
K5 % Ca¥, Mg HCOy, SUBEAFE L, 44 v%
R BARIIC & o TEEDST Rl S - T RS

81

DEEPRKEVWEEZ NS,

F72, BRI TOENRETHCO;, SiiEED
KTL, BRRICLZHERMPEREZZ 6515 (K2h, ).
EC, Mg?, Ca*, SO2 BEDOED - 7> U4, K3, K4 Tid,
EMIC Lo TENSOBENER LA, 138 AEE
BRONT, MOMERREEERICE ZEENELR -
72 (K 2b, e f g). ThOHO/NERETIZ, WEHBIC
BB FIGEO B & RIER BRI S R TR S
OFESPBCIREIREN, BWEICL 2 REELOR
RLFNEZRHTLIOTHLE VS, PDEDISIZ
ERAKICBIT A EABEHROMEDBREZE,S, USRS,
KBEEAKBATERBLBKEEBOMTRKOREE
R, HBETOBPANEXOZEMNEEEIE VIR
Ezizbohb.

(8) K*, NH,*, NOg

N, P, KWW ORRICATRZESTHY, WY
OREBERRBREVSERBRPOORHMEHETLE
HTHhoreEZOLND. XFEHMOFEFTAKIZEETNSN,
P, KO9%H, NHf BERMO A 4 VTR (E
2,3), POFBEIZIZEACHRMEIN o (F—%
EWE). THIE NHy R POS DS EICM ST A2 &
B-HThHhrdntEZONA Ul KlBETIEK,
NOs BEICAEELREVWEEOON o (82). /b
FAKBHEOLE D S K BRECEEZECDE, - 72
DXL, NOyiBEICREELREVWTRZD LR, U4,
Ks C@ < U2 K2 TEHD» -7 (P01, £3). 7/
NOy, K* IR IR AT AEmE R LA (K 25, 1).
I, BRICL - TERRHERFI Y DEBIBEKOF
SEREMLZZEHFEREZEZOLN, RAFELEH TR
NOy R K 2RBOM TR L ) d EELEKFOBREEH
BWILPREBENE. ZoZ e LEKEP0FY
NOs BED Ud THRD Eoz0id, RBLEKOFS
BV LPEETHLEEZONDS., LA LA,
SHREFSMTRKOFEIRKEVEEZSNSL K T
b NOs BRENE P22 05, K5 Tidiad oIt
PHED AR, HTRFO NO; BEIMEOEKIR
LD LB EDPHEBEENS.

K, NOs 3o R - RIRENCH IS U CREZR
16352 e HEINT WS (VIToUSEK 1977; DAHLGREN
and DriscoLL, 1994). #ZC, BWIZL 2 —BARIBE
BALEBRW- L EOFERY — VIZDWTEET L. U
% KEOEREERER I O/NEKB TR K BEOE
iy — VIETRBEETH o 7245, NOy iBE MY O
EDNEILTAXENLEFTINTTEL RLERIRS
N, WYL AEZERNDS NO; BELHEL TWAT
BEfEAR SN (K2, ). LaLids, SgEOHmE
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Fig. 2. Streamwater chemistry in U and K watersheds in August 2006 to September 2007. (2) pH, (b) EC, (¢) Na*, (d) CI, (¢) Mg%, (© Ca®,
(2) SO, (h) HCO3, () Si, () K*, () NH,", ) NOy, (m) DOC and (n) DON.
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Fig. 2. Streamwater chemistry in U and K watersheds in August 2006 to September 2007. (a) pH, (b) EC, (c) Na*, (d) CI, (e) Mg?*, (f) Ca*,
(g) SO, (h) HCO3, () Si, () K, (k) NHy, () NOy, (m) DOC and (n) DON.

TIREBHEA L EFRELE L, BHAY - VTHVE
Br5 2 ARIERREEREZEZETA7:0ICIEL Y EH
B2 B NETH S (PIATEK et al., 2005; DITTMAN et
al,, 2007; &8 & - {83, 2008).
(4) DOC, DON

DOCUATFESERT) BX ' DON (AFAEREES)
BEER, UL KIMTEERZEVWERD R 2 o7z,
MNEKBECTIIDONBEICAELREVYRDLNE
ol (P0.01, #2, 3). DOCEEIZU2 K2 THE
I2E L, Kb, K5 THEIEDP 72 (P<001, £3). —
BICEEBROSMTIEIIBITA DOC OEEIZERTE
KTHEL, BEHTAKIEEESZY (QuaLts et al.,

2002; Kawasaki et al., 2005), Si o8y — ¥ 2R$
EEIOLNS. KEEHIZBWTYH § O0/NEKEEE
UTSiEEL DOCEBELOBICHVAOHENRD S
L (Pearson OFIBIFREL-0.184, P=0.053, »=112), H#F
KOBFLGRIPKEWIEE DOCIEREIEVERITRE X
Nz, L2L%ds, U2TIES, DOCEBELLIEI-
72 (£3). DOCOEBEELRBHFEO—DIERRBB LT
BERATOT O Ao NS, EHESICHEE L
B R ERAICE T - 7o F BRI KT @ DOC fitis
FEBI EAEBINTED (Kawasaxi et al., 2005;
CUMBERLAND and BAKER, 2007), &/KIREORTAKF D
DOCBEDEVERHWTHDICIIHTROFEEL
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Mz, EHELBZRAORENLETHD LD, Fi2,
DOCEBEIZIA DS 10 BICHWHEMNR I DS
DONBEEZ 11 A5 6 2 BICEWEmNS b, BEERE
MOTEM CTRENSRSICLZEHIER -7 (K 2m,
n). DOC & DON OZFHi/N ¥ — y DEV, FEE~D
FBEOMARRRDEILIC L 5 HEERY O ERLEE
DEFHUDPBERLTVELEZONDY, AH=ZX20
BHEO-HIIZ L) RHN KBRS SRy EREICHE
THRENLETH 5.
(5) U, KEBEBEKRICH T EHRKOKER K
CHNETORBREREL, SAEKRBEICRSNIzK
BRREROMEBIZIOVWTERLICT LD UBLEK
BoEKREEKFEOKE (Ul, K1) 2T S LI3EE
Lo Zed (R2), LRONENKIKE CERERRE
AHSELECTHot (£3, 4. EABREROELS
%25 &, 3hallii-mwhEKEEIZKEERERD
MM 2 EEEFZRICAE—THY, ChoD/hE
KIEAEF - T 10ha DL EOEAKIFIZ R B LIRFEAEIC
EVREDLN L holcbEXLNS, LXK L K
HEDBFRIZOWV TR BARRECK 2 & TH 4 & FkD
WEFPBRESNTEY, BhaBBEONEANETILERE
LTWTHERKEZERD, BT TEKEEE
WL B L —EDOKEIZET 5 Z LB I LT
% (Woob et al., 1988; WoLock et al., 1997; UcHiDA et al.,
2005). TabbBEAKBERTRL L ZOKREWEEE
PERELVWEEZ GNTH, ERBRNOKELEER
AR T A -0/ EA TOEBISARTT R T
HBHEVWE S (KIRCHNER 1992; UcHIDA et al., 2005). A&
PEH CHRERE R L ERBMIZERIT - Fh 4D
D/NEKIRIE, UR, KBENOKRERROZEHAE—
HEFETESEKBEETHD L VRS,
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3. 2. B EROERKENEL
RAELETNTOREEBIZBNTCUL KIFTEE
ZEWIEED LN o7 (P001, %2). T/, F
HiXy — 20w TH Ul, KIETIEIZSE Lo (B
2). TOZEPL, SHIWEKROLEIC X - THE
MOBREINEIRAKEICS 2 5HE2FMTH0IELT
WhHZEDFE,PD LI

—7%, ERONEKEBE (U25 K2-5) TRAKEIE
WATR SN, BHEINY —  OHED S MR E S
EIKEDERER SN o7 (K2). BiEMZ %
BLA-UACTTBHEAESEE LR REKEOHT
b NO; BEOETFEINLD, UKL KBTOK
HEE LR HEBTNO; 2 &L T _TOKE
HHIZBWTHEMORENRBDON ol vz
5. BRIOS (2008b) &, UBDBEIZBWT, BHEEM
% RRE L 72 2006 4E0 5 2007 X CTRBRAED /A
A - AL BICIEREHML, FhoomER
FEIHEOREEREY OB, 2 M IR KA T
HIramLlz UBOTRBEAEIRSHS S ICHET S
ZEFTEEN, BERGICRY— oWk EITY
LrEZLNDL, FO, %L OKEBEREROH )
LTRBRECEILOEE LB T 57-0121%, EHENL
R¥E—2EZRIANSE I EDOTEBNERBEELE
ERIBCRBRCBRRET) S EE N5,

3. 8. VHILELATBHEENDELRIEZRKEILSEZS
2

TH e Gt TREMANERROBSERICEE 21&%E

EFRLTIESETHEIGHELMIIRTYS, 2k

Z 1% Fukuzawa et al. (2006) i, dbiE@RSERIEFFFEHM

BT, EBR (FFoY, IXF5, Y59, %

F4 ZNEKRBOEKEEREROFS.
Table 4. Factors regulating streamwater chemistry among U2-5 and K2-5.

U2 U4 us K2 K3 K4 K5

TE-EE soil-bedrock

AF AN ion exchange reaction - + . - - -+

BEACEUS mineral weathering - . . . . +
HES vegetation

e evapotranspiration +

F LY nutrient uptake . _
KT hydrologic process

HT/KOZES  groundwater contribution - . . . . +

RRfEETRE acid buffering - + . - - .

+ N HFEORVER, - BRBICHFSORVER

+ a relatively major contributing factor, - a relatively minor contributing factor to streamwater chemistry
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o NE) OFRTIZRRA~O NOy S HHIBIH 2 1
T, MROZ <A FH2@Hl) LzZBIINOs IBEO B
APRLNIZZZ & E2HE L7 £ 72 TAKAMATSU et
al. (1997) WYHELEZEBROTI TEbN-HEHREZWZ L
L, V2887 5HNEKRESR vHOE JYy—3B8
FTBEORTEEZ P LI2HRE, EBRROFEIIEHLS
TG L HEOMTK Mg, CarBlifEinszs
R L7, BAZIIIUD, HREFHORRERARD,LITE
RBEOBMICBAT 2ELAVERRANOEBZRIFIES
L, EZZ0RHEHHTLZEIRINTVE (EES,
1983; BorManN and LIKENS, 1979; GHOLZ et al., 1985; Zak
et al., 1990; Mou et al., 1993; SmaLL and McCARTHY,
2005). FAEMFERICBIT5BEOTRBEAED N F<
ABRRED Y HDOEREIES N[ F < AEICDVT
DFEFFITIZEAE R (B - B, 2008), TEHA
WERBREEONA AT ARLEERIIEDLEEITON
TRAHZENRZ V. VIORENEKRICE D UHOE
EFFFRERO KBRS ATHO TREAE I, 2Pl
E LB RBEARCKEDOMBOBREL D DS HFEL
TwizkEZ 6N, ERAOESMMEFICESE LT/ Z
EHEREING.

=7, YHAOERENFTRBHAEIIGZ BEEIIE N1 A
YADPHIET T, REHEREY RSN TEYNS
BEMETT5Z &8T5 5 (Roongy, 2001; #25
2006). —MRICEBTWICER SN A TEBHEAOSFEIL,
HHCORSERBESFOER, FHTLETOBESCH
AMEEZEZ 5 ETRILT S, JOMSIE, £WEH
PSRRI RN R T REO—D L LTHESIN TS
Y (LoreaU et al., 2001; WarDLE, 2002; Lyons et al., 2005;
HoOPER et al., 2005), ERERDOESIRIEEI 5 MR
THERODEDTH B EPHMSNT VB (THEODOSE
etal., 1996; MARsH et al., 2000; vaAN RUUVEN and BERENDSE,
2005; AUSTIN et al., 2006). TR HDOWEND, HE i
BT B LEBRONA T AR TTFRBMAEGDT T
HEHN, LRELTRHAC L 285 I E5FHEE
PEEBREEOESREICRTHREINIFEFCEETH
LHlwzh, LidoT, YHIOBELRFEIZL-TT
BRANTIERETE Lo/, SRENHERCER
Mol T5hE, FTRBEANRIL - FEL Twi8gED)s
FEELY, TEILLRBTITREEIEILNS
(RooNEY, 2001; COTE et al., 2004; McGraw and FUREDI,
2005; FURUSAWA et al., 2005).

BEEAOMANE - L& THREKRBIIBNT
1990 4E4 & 1991 F 2 Tb N/ RERETIE, EiAKD
NOy #EEEAY0.004 225 0.009 meq L1 THhH o7 (fEhs
1991; if, 1993). [ H kT 2002 EIZEREL S L& T K
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D NO5 12 199091 4ED 24555 3 LR LT Wi
51T, 2002 405 2006 FX 0T TIXERETYEC
HELREAPAR O o202 LT, BEAD
NO; BERFRIC LA TAEMIRIN: BE- -,
FRER). TNLDOT 25 2002 £ LT S A D REIC
Lo THEROEZRRBENMET LT D 2 LARE
D, UBTEBEROBREICL D TEMEDNA F
T AREHEDSEBE L oD0H B0 (RIS, 2008b),
VHADEETHI R EDOTRBEANESERL TERAKD
NOs BEMN LR LA-ETAL251E, B UAT ST
THEEAKDONO; BEPET T2 03 FMEN 5.
MEENZREI T O INE, 1990 F 5 SEFAKD NOy
BENERELZ-EROY S, YHIOREELIATREA
DOHEHE, EERTYEOWINE 58T 52 L EE
THE THICEY, VI ORENFERERRBRSEIIR
IZTRERMPETEL L DI, ANBEEOZENS L
WESNABEORKRMNT, KEBTYE L SHEMAMER
SOMBRERLDOEE RNy 2759y FF—5
BohaZ EHFEESNG.

A

KIFFEATIIIHI2 D, FERFRF R BFUFRR &
WEYENARZOH AT EEL, BNEEM, 0T
BExwiz7Zat Lz, S RECH > TIEHRHRERK
FHRBORLBETRR, FREFR, HFHOKLENEE
DORFEREK, BAEANEEROMIBER, BLUELEH
HHBERRENETF - 2OF AL TH T2 w2 &F L
oo PBhoFaiza L, BE<HFLBL FEYT. K%
D—ERiE, 21 i COEl BHRAE 29 CRRE AR R
BRORL | OB FHIREMAEDE (ZHE REE
KER) o#F&ExFHTfTbhbii:.
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