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B, DROHBMERRIL, ALKESE, SHEARRRY I MEOER, SFHALY, e Billcx
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BADEEBFMPRTRTH LD, FOIEFTHEBENTWD LB L R\V. ABTIE, HHRAERBRICNDLS
WAL EER - BHAECEZ BHBICOWT, BELOME I LI, RSB LTV AEEOM E HARDBIR
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FOWMPSEMT 2 REEH AL, PRSI, T4, CALOBFEICML, KEABERTYEOHIICE D
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BEHEPESMO L CRIRAELBEL LT, ERAKTROMNBREREEOEHELe, SAROBRE—EHHR
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Keitaro Fukushima : Applicability of nutrient cycling and streamwater chemistry in forested ecosystems as an in-
dex of forest disturbance 54:51-62, 2012.

Recently, Japanese forests face various risks of disturbances, such as forest cutting for sustainable forest management,
vegetation decline by herbaceous insects or deer, nitrogen saturation caused by increasing nitrogen deposition. These distur-
bances mostly induce hydrological loss of nitrate, which result in eutrophication in aquatic ecosystem downstream. There-
fore forest managements to fulfill highly ecosystem functions should be considered along with watershed managements, and
investigations into nutrient cycling and streamwater chemistry in forested ecosystems are necessary, but these are not recog-
nized well in Japan. I reviewed the changes in nutrient cycling and streamwater chemistry caused by some forest distur-
bances and compared the northern American and European cases with Japanese cases. In Japanese forests, duration of forest
cutting effect is longer, and the effect of insect herbivory is greater than overseas forests. Nitrate loss by deer overgrazing
of understory vegetation may not be negligible regardless of much smaller biomass rather than that of canopy trees. In ad-
dition, nitrogen saturation grows increasingly apparent in some forests, which will make situations more complex. There are
differences in climatic conditions, and frequency and magnitude of disturbance between Japan and northern America and
Europe. To comprehend complicated disturbance effects on nutrient cycling and streamwater chemistry in Japanese forests,
large-scale field experiment elucidating the effects of particular disturbance as well as long-term observations including not
only streamwater but also air-plant-soil continuum are necessary. The seasonality and annual means of streamwater nitrate
concentration and nitrogen retention rate in the watershed are prime indicators for evaluating forest disturbances and forest
ecosystem functions.

Key word : forest disturbance, forest management, insect or deer herbivory, nitrogen saturation, nitrate
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FARERERICIE, HATEIELSMb Y ET 5, ZoRBUL,
BAR 1R OB~ Ehad LHF T T4 THY, T2H
PRAZE, BARXKKCHEREE, REL o HRBIELIIMA T,
IR KANE Vo NBEELR L, BELOEELMY TH
Bo WEMNRETHE, FIXRINTTORRELIZIELRS
A SN, Fix ORRFLE SRR R L, ki) —
WRENCE ST B, BETRAT 5 295 LB R ELDS, bk
DHEMEREE BT 2 EELRABETH D I LS

TS (FHBEETARSL ; Grime, 1973 ; Connell, 1978). L
LAY, FHERRICBIT ZBEOZENS, HISHFHKD
ByRER T, SRR IR, Fhod e T
BESERE, FROKELRE, WHEHERERICORE hEEY
5.2 %o Gorham er al. (1979)13, HAOBILEBICBITS
WEOBBMADOENICOWT, 1 RERL 2 RER T L
L7281 HODIRSICE B L, BWELOBEI L o TR
FNCAERRRD S ORGSR T 52, 2 XEROHELT,
T b HFEMA ORA R EEYT 512 Lo TiiihE
AL, MAEERFY—2I1GET ARICRBRIR ISR

% K - JIRIEER S (Corresponding Author) © T606-8502 SUARTIZER XALFI13E 4 BT ¢ Kitashirakawa-oiwake cho, Sakyo, Kyoto, 606-8502, Japan

E-mail : fmktaro @kais.kyoto-u.ac.jp
1 Field Science Education and Research Center, Kyoto University

(201248 9 H 6 H3AY, 20124F10H512H 28



AT HE54 (2),2012

(a) A .-

o T

EEROMERE
o
7

(b)

0 —> ¥ fl
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{2k, DK, FHROBEIIIZK > T REEMETL,
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HDHIEPHRENTEY, BEIWEMBRIIIEICENTD
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— AT E TR O—KAEEOHIRER & SN TW5EEL L
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BROBHRBREENE R LRI HE {AThbhTw5,
SHRHFIPIRE T, RN OBRTRHIMELIZ 51D 95,
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(NO;-N) ST 5 Z ENLE < MbNTwb, BEICL S
—BFRNOs DI, FMERERIZBIT 5 ERHIRRIRE
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(Aber et al., 1998 ; Houlton ef al., 2003 ; McNeil et al., 2007) o
LLZ2O—FT, KFORY TS o M OBFETLH S
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TG B 18 % Fo 7o THRMIBFK P ONOs IRE I, EIFHER
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RERAERE, AR TEHEMNEHEORESIHINTWSE—F
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SHEBA TR TR L v o 7B RO 720 DR &
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HEEIN TS (Bormann and Likens, 1979 ; Feller, 2005 ;
Gundersen et al., 2006), ZOHHE LT, H LEEAIMEREE
ENTERZOWINI 2L 2512 TR, TEPTOEEZD
BIRENEL T2 L BTG, 2F D, KRS TE
IR DAY, RIRIZX - TRBIVIE SN B Hi48,
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Mountain BrookZEEi#k (Jewett er al., 1995), 5 : A4 ¥ APlynlimon A4 (Reynolds et al., 1995), 6 '@ [A

south2Hore (Neal et al., 2003),
(Oda er al., 2011),
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8 1 FHRBIIR



FEMRITHES4(2), 2012

& OBR % WA L 72 (Fukushima et al., 2009 ; Tateno et al.,
2009 ; Fukushima et al., 2011), % DFER, BKEHZRDP O AF
D1 REEPRKE 2 H30EEE TIX, NOTHHBEATFD
BEFEOHBEEZRL, AXOEFEWRINDREIMEKIBD
FRFCRDIBEELERTH S Z AR ENT, F0H, R
FO—REFERDVHIE & S ITRPERZRL, HHEISD
NOs TINS5 & PRI N2, ERZITIZEDLLT
WRL, Cok i, AFOERFIEIEL B L7220
LT, HEAHYERUEBOSEBNOERERE I
B ER L7z bbb, HEOAF AT TIIHELSEDRIL
PHEKIROBRFHCERLBERNTH L DI L, BT
FEBEANOERBRN L VBEREE A L0V ENS, T
7z, TOZEIZRERIC, OFELREEBLIZAFATIHATS %
BERRIFEDIE HERENE Z L HBERT %,

Templer et al. (2012)1%, THE~NOERRFFL IEDIT 5
ROBEELENIELEARYORE SR (C NL)TH
D, BREBOIEMEN DT IV F—RE %D “labile”
BCELLEGLHBIY, HEANOSEFERREIETLI LR
RUTze 72, BAROBRBALIZE b2y, HEAEYIC 5D
LRV R S O LESREICHE D, JOBMIETIS
BEIFHERICESRBINIWHEE LB ENL TV D
(Hittenschwiler and Vitousek, 2000), T7hb®H, HEOREFE
RFFERIE, REOBSLHEHLFEHIIHEB/TLDIDOTHY
(Currie, 1999), labile CRWESMFIECOUG - LK & 5% -
MCORED, HEOEFRHARTHETLHHDOEEZD
N5, BEOSBFRIFICBITSL ) L EYWER & IkEw
HOBER DR I 2 BB OWTIRIRA 2 B0 2% L R &
T 5 (Lovett and Goodale, 2011 ; Castellano et al., 2012),
IR Z OBOFMOBILBEIC B 5 BEFRCEZTH
DELEHSPI LTV ) 2T, TEOREHE L GbY
THRE LT BEEH B E V2 5,

ZNTHE, #EHETEERRTLERTIERL, FMRo%
BREITHA 9P BRICE o TRRAKRDONO; BED L
ADBHR NI 8§ BIATHIFENS S FAET 2%, Btko ik
RHBEBIZL o TA 7327 P HBPRECESE > T Wiz “selec-
tive cutting” % “thinning” &\9, WhbW AKX T
b BHETIE, RETL0%ERDYA (Biumler and Zech,
1999) LW Wi TR A5t CT30% KR DHs & (Weis et al., 2001,
BE - fEH, 20082), BMIET33% DA (Rahman et al,
2006) TH-Td, RIKONO; HEE EAITRERIX & A
TIEEAEEDLLRWI LR EINT WS, k%, AR
DR R R R ESIRENN R 5 2 & CIREANDONOs il &
RILTWBDHES S (Carlyle, 1995 ; Thibodeau et al., 2000 ;
Gundersen et al., 2006 ; Tnagaki et al., 2008), —77, “partial
clearcut”, b HITEROEGE, KEY D IZHATHEIE
RANDFERRE WV, ARSI TITb N7 HEE18~T5%
DT BROFERE L 2 —L-fE Q0DICLBE, W
TR ORI A TRIRE 1- 3 £ ONOs B 2 5L
FER LU, dBkoCatskill MountaintZ 38> TSiemion e al.
(2011) 1%, BREAEE L RITAKONO, IRE LA L IXIEDHM

MR ERTA, H5H B LEET 2 & BBIINOs
MmEEAS F A5 2 & R38R U720 Siemion er al. (2011) D
A, 40-68% D LR AT ) EHIHAKROIMEE X HNO; B
EVPRHB SN2 LTw5,

F72, RIS U7 F ABEE 20 F T, B
gy, &) i, RBRERLGROWERBROEILICEE,
WER52 5o AMEROLANF—FIH 2 208ICED T
BALBR T, RESRED T RTIEL CF v 72 &
TE3N%, ZOB, BEIIEHEINTHLEMRBHENS
LT, BERDODERDPELS LA EPMEEIN TS
(Helmisaari er al., 2011)o F—A b5V 7 COWFHITIZ,
RS E R L O RO SRMAIIRN WA, iR
ORARIRD 72 DS & UTHBEVEEREEE R/ 2
LR SN TV 5 (O’ Connell et al., 2004). FDIIMNITH,
AR X B IFFAKENOHEL IS 2 Fik e LT, BB
OEFREL TNy 77— =V ERETLIZEDAION
TH Y (Norris, 1993), BRSNSy 77— — V OFREIZIH
V7B NS CE BT b LT B (Polyakov et al., 2005 ;
Gundersen e al., 2006) o HRPIDEBREERIZ L BRI RO
TN I I THAT L TB Y, BN E MED T
T5Z LK o CREAKEDEAR I EDOEAZH SR
WetkDsiaii S T B (Webster et al., 1992 ; Grayson et al.,
1993 ; Sidle and Ziegler, 2012), DX 512, WKTE, &
Bz & Dol &2 OFMEEITEV Y EIGER R FMA—ICE 2 %
WRETEICRS, COERZHELMITLEEBIT, #
IR T B0 DRSS B R BER LT T 5 (Aust
and Blinn,, 2004 ; Gundersen et al., 2006 ; Tremblay et al.,
2009 ; Siemion et al., 2011 ; Wall et al., 2012)

—7, HARTIE2010FICHEN - HREBLET T VPR —
ML, FRALHERGE U CTHEMIEEOH AR T EI R
AR RE SN2 KB, 20110 20T, RO
& MR OFI IR, ROHESERIEAILE K5 7:0 ORE 2
WA - Y A L LTI O, HEsha e
LT, RRFHZDORIMPLIAEELITZ T, FHROLH
HIRBEORIE D BT o T b, FMOLE RO,
TR R E IR - B S h 5 (it
b - w5, 2006), WIELRZJ|AEROEKEZ HWE LT,
19904EMRAZ A AR T b MR E A EA S h, FOEHE
HOHIZ, AWML RN L IFRKEDOREE RS 720 ERT
WIZNY 7 7 ==V R RET A LT ONT VS,
EOBRITIERAKEICDERZ I ONDE Z LIIHEFICEET
BB, Ny Ty == EFEHKEICHET 5 EEN LI
R4 T <, HENGE ) BES BRI 5Ty
LI Tl S, 2011, BERCITbILEIS
(2005) DBFFETIE, EAIBHDOAF - ) FD18% % H 1k
L, BRKONOs IREA 2 UL ER L7z, 22TiE, 8
WV ORNE FHE2 IR LBy, fHE B eRRThdz
DEEZTI NN EPobDEEZ LN,

TR OREITMA T, B2 2 HREOBER, %
TANORBIRE OB T &\ o 2R R DS OFE 4 OFMEHEH
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FICHLTY, WEBRRIERARECE 2 58 R L
BN, B OME IR 2 SRR L S <R
ST 5 CER S, 2009; fEH S, 2011). BEWCEROHR
BCid, BEZEEIER S NG, BELRERMOA -
TEERPBUMEI TP TS, F77, BREV-THEE
RE MG 2 FIIR - FPIRMRSS, F5E LEMamicB &%
ToTVBHMS LIELIERZIT 55 fEE S, 2009 5 #F
BT, 2011)0 HRICHHE PR E 72 <& O R HBH T
SEBEPITONISE, TRAKENOEE;HBEINS,
FHROLERRT - 2OHT MR —YR" 2hb5
MEROFIFIL, WEERPIFERALZ I LD LT 5D
Y —U X, fEF—YX ‘LI L—FF70ERICH
%o RV —CAMONT Y ARL v MEREL, WEE
NTVAEHROERRY — A2 ER LS r 3L
TV 7eDIZ, FRHEZE & WBIESR « RPUKEICBIT 5 HR
DIEEPRERORETH Y, BT TICALHTLE AT
TWABHEREIZ TS T L TR S vy,

3. BRAREICLZEE

3.1 BHERHIZEZIHFMOFER

WEHFCE, EEERRRSLEYIC X 2MAEOTRERITD
THhTHY, WEBRIIBWTFORBIIER S NAEANE
Vo LA L, FETERARRRHEE T BT 5 BEARE
EL, BHRBEENFERTLZENH D, —EID L) LHEE
FBAFRZ 5 &, WHEIFROELE A L CERRAKIINO: 5
T B EEENE 2 6N b, RT T FTIRICAES
% CoweetaZK LRABRHIIZ B1F 5 ¥ v 7 R O %) W (Swank er
al, 198D)%°, Y= F ¥ F—ENARICBT LA < A7
(Webb et al.,, 1995) DRIFEEDEITIZ, IRHAKHONO; I
DOLAFR OGN, 2O L5 RREICEL 2BFEL, FEiAH
DNOs REICHEMERE R LB E SR 5. L LD
5, WIS X o TEILT 2 WEMEBREEZ THICRS &, W
EOFIPEERL Y DEFEAKCEZBEERLDIS b oL
Ez2oNb, 7ok 21, RERERICITAEFRLRELR O
BAETH7 I APLBEIIENSN, SRERICELE.2 5,
Frost and Hunter (2005)i%, WMEIZ & o CTHW O S FHRINAS
BT55—0C, SERRICL > TIN5 2h0
BROEFD, HECERCS %, MBI L T
BRI Z e 2m U7, $72, B OREME LB
CERE L LCERESN, 79 A0RRICL o TRIMIHT
TAHERIIDOTILTH o728 L7z (Frost and Hunter, 2005)
HEZ D FSESERHBUC B W T /37 — V0B B0,
— N RROAERIIBMERRNTHETEY, N1 F
2 A DPER TIBOYBNEEL L & b 7 ) RER L 18 RER
RANDFGBNRKE L Bz b, Lovett et al. (2002) BT 5
£912, REIABRATOERD “Bolil” Thy, LR
RPNTERPMREFES T A3, R ATV,
F7, EEAERRICLZHMEICL -~ CTHICESL Z LI %
{, WERTH-THHORETAZENWTELZ L LR
0 HEEMRERDO—DTH %,

HAETIE, 1970ERBIRICTYRTY Iy S5Hh 3%y
DWAT BTV )L BV F a2k o TRAVCHIET 25
AR ON, BELIREZ R /2IFIZRETRE LTV 2,
T, AVIFHFFIALVICE DB FITHEOEFME D
19804 LA D, BUTE, W E - BITE - i iRt
BE - BULHT TERHICIER L TWib, BT viih
RFIRNGE, FHRCEST2HEEOME (T Ay RS
7, IAXFT )P T HBG&TH Y, LICRL-ERERR
WL BMEE, HBMENMOS BIcE & F o -8 TH
FEICE D M TR S, Ohte er al. (2003)1%, WEETHREL
7o ORI X o TIREARF ONO BES LR L2 & %
AL, ZOERE LT, <Y X BHEDOZFRINAN
BLAZ 8T, BEICAHE SN ¥ — 2 EHIC
RSN T, HEICE S - R E ONOs -NASIET
W L7-Z & 2280572 (Ohte et al.,, 2003 ; Tokuchi er al.,
2004, LT, ZOROMBEHLRBHORE, 104D D
T VRN OFELHE 72 (Tokuchi ef al., 2012), F72, WH
BEEBTIIBT 5079 KRR CTRE LT MM CiE, &
BORIB%DINA F = ADPFEOHICHIEL, BRitAkH o
NO; IR LA 5 £ EiZh72 0 TR NS, NOsIRED
FRUVAME, BT 5995 T RROERIRZE R L7 B
LIFIZFETH Y, FIRNC X AREEIBEEEIND
BRS, B8

ZOEHIT, BRESLUIEEOETICIE, Bk HE
12 & BIHA TR L IR TREBOWEIER~OFEBOES W
BREVEVZ D, LPLEYS, HEATR= YineF 5
BNOREERX S =X LT LHRPEITLTVEH00
(IS, 2012), WEMREBRPPFRANOEBELZHL 2L
eI CTREMTH % (Tokuchi er al., 2012), =V HiiL
RF NG, S BEKENERLTBY, 250
R 55T, WEFRNOFEDREERL LT
Wbk, TOB, < UinetIhick s A 287 &
i, = URFFHEOM A A AW LEER,
P A APHEOWE 2 L, TR > THRATHEHEEZRD
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