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et al, 1983 izO'Neill et al., 1986¢imék)
Fig.1l. Changes in apparent dynamics of a litter-soil system with a change
in time and space scales. Slow dynamics over centuries show
accumulation of organic matter with oscillations due to succession DAYS
(Sollins et al,, 1983). On a scale of years, seasonal decomposition
processes are apparent, while an observation window of days
reveals rapid fluctuations in litter due to wind and arthropods
(O'Neill et al., 1986).
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Fig. 2. Characteristics of time series depending on time spans of measure-
ment. Measurement interval is assumed to be 1/20 of the sur-
veying period.
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Tit, T 1R3ATHAZE(, T 212AMMNES), T 3I3EROER, 512 T 4I3BEHEIL
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Daily Weekly

Monthly Yearly

—>» Frequency

T

— Hydrological Value —

X—3 RM2Ay—IVaEbic: bi ) KXROEBSHEL
Fig.3. Changes in frequency distributions of hydrologic factors with a
change in time scale.
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IEWFHIBE LB S, L CEMATIIE Fig. 5. Changes in distribution depending on the

, dimensions of the data.
BAmEL % b, This example indicates the differences

Wi, M—20EEEBNT 57BN THE of age-distribution for length, area and
L HERRIF— 2 ThD L L, BETHE - volume of flood-plain deposits.
52273 (M—4). BEFHOBBOMIMIZE L%\, MR T—NVOEBRFEIHEINT
W{RTI b2, WhbWB AR FNBRITFICL2BERLEENMEKL ZNERARTH 5,
InF TIREHBEAEFLOIE, BREL TEESHHIENLT SRICOTENRTE 2,
BX, HK AKRLEOBMKRTEYEZ 52 LiRL > THBROBMEIIENT 2. @ilicBIT
A RERMICBIL €, FRIEMBORE MK (Length), REHK(Area), EHMR(Volume)
THR2DHE—5 TH b, FARERBOERIL, BRIELL T2 ERKROEMICE > TEHS
n, RURL 22580, 1984 FXRNER & XHRBFN ENEEILL VKI5 km bz > TE
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PEL-TEY, LICOFENHEMMICBRLEETH 2, WML, BROBRTHSHEKIC
Lo THREN, ZDSHRBHEITBEKBBEIZHAT S, LarL, BREINEKbLIZENHKIC
RAETHHKICLVBRIBINAEAICH ), BAEMIIEKREICBEFRL (, REMESNTH
523, BERNIC, BFETIHMRBIIRBHIAR L HBNELLE LLICHABLTEY, =
DPTIRRIEDHMIZHE Y, REHBRROBEFIBEEICLLLEL 5,

FRERBT AL, HR, WEER EMFOERBEI ELNLTVEH, ZRLEFLD
FAIEHFRO—HE2RBRL TR TELY, #RLLT FHABPCBIT28E - BENEM 2
)b, BTBRRIC BT A RETL > U % L THANMEI:, ARFELKEC22boTHY,
HRANR - MREMCIEL TIDEEFIERT 2 LE? D 5,

3. WMevRIr - HEREE

—BBic, x &y DBIRY y=f) TERINLBE, x 2HIER, y 2HEBRER &P,
I bBRRE S ETEMHN - ERMOBS L 13, BRI BMICBL THRITHED, REBTH
eV IET, —BHEEREANL ZITE L L%, L L, TXTHORRIIFEMZ &
—NWOBRTELTEY), EBRICIEH L TR L) ICRMIC L TRITHEH0EL EV
Z &, BRRAOBI - ERERNOREICE b b->TL 5,

R—1 EM2y—LLHEHEYE (Schumm, 1971)
Tablel. River variables during time spans (Schumm, 1971)

Status of variables

Variables during designated time spans
Geologic Graded Steady

1) Time (stage) I N.R. N.R.

2) Initial relief I N.R. N.R.
3) Geology (lithology, structure) I | I
4) Paleoclimate I I I
5) Paleohydrology D I 1
6) Relief or volume of system above baselevel D 1 I
7) Valley dimensions (width, depth, slope) D 1 1
8) Climate (mean ppt, temp., seasonality) X I I
9) Vegetation (type and density) X I I
10) Hydrology (mean discharge of water and sediment) X 1 I
11) Channel morphology X D 1
12) Observed Qw Qs (reflecting meteorological events) X X D
13) Hydraulics of flow X X D

I=independent N.R.=not relevant D=dependent X =indeterminate



BRI BT A 25— () 295

B 2 o — N L BT - SERBIRIC DOV, Schumm (1971) (3MF2ENLHH & REREEV
ZEHHERNT WS, i, Geologic (MF%¥HY), Graded (F#kY), Steady (E¥HY) &
W3 3 ONtimespan 2 ME L, KR E & £ OMBEEF D f4 7 - # K(independent -
dependent) B4R 4* 3 M timespan DL TEN L FREILT 22 2BH 2 HITFTHENT
3. E— 12 OAB®R L7 LNDT, Geologic time iz 10%4F (B H ) + — 5 —, Graded time
It 10254 — 4 —, %L T Steady time (2B A — 57— L THL T 3, MR r—L DB
kn, MEEFOMIY - ERBBRSKESELTEZ L 2BHBICRLTEY, MEEXr—
R PEELTHEZHIENTEZMIBERHIWMT 2,

HHLHARBARLIFRT2HE, BM5T2LE22 N3 NERERHL, RM TS, &
ZAY, TNLNBERDPFT av/at+0 (v ZEENE, ¢I13RM) L L THERPIC(AZ
FHTE L L BRI L DD, 272, dv/ot=0 £ L TEHRTEHER, ov/ot=0 Tii
b5y, FERAOEAEMGEE L TERL L% L 2 WERIMAZOR, LBk, T
bbb MRERORMRY, BMEKELBEL2 T2 2THE, HIHFMAr—LTE
BT2ERICLH-T, INECREAr—NVOBERIZERTEZIZEEMBINEC, SIE
WM —VHERIZOBRKOAHBETF L L THEAL, ELTRBEMAr -V OERIZBE
RELDIEEMNLTENTH S,

72k 212, W2 WA D KOBEICBIT 5 HERI,

06/ 0t +v(26/3x) = He /oD |

TETILHITESR, 22T, 0I13KIE, vidHE, He ZKkRICHATIRR, ¢, pl3thn
FNAKROEMEBE, DIZARNDEHKETH b, £0% 1 HIFERSI TOKRRNRMENL
Phobl, AOB2ERANKEIRTHEICEENE2LL, Rbbb I LicdTHE
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&, y ORMAr—NIcBWT 53, REMAS—ALTELLTZ2ERDY, bLRL)EVE
Bz —NTEtT 2ERL»TH 2, ANy — VTR TI2EREIZ, ox/ot+0 THY,
BEOBEL 2, cHEHLT, BVEBEAS—NVTEILT2ERIZ oavn/ot=0TH ), R
ROXEEZERT S,

N (1955) i3, E#E TIUEIN ORDPTRDL ) ICEWTW3, “IMFFERTEEbN
TWwaHhd, FNOUBNETRIEREL TS, L&{vwbhd, LPrLEXLHE, 2FV1ER
BHEELTVEL LI FHMI BB BL, FRERL-TVE, LV )BHI LR
ThHHIEERENTRLLLW,"RRALEROBEETH 2, WKOEE, FEKOFE, ELD
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RE, MFOBADEFNFNICHOWTEMR 7 — L% E3 72384, IWMEOERSEIZ 102~ 104, &
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N, MFOHOBRAICBEL UL, LWELEHTETRENKEHIVETH S, FROFEICONT
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RETDHLBRITRETH B,

LIS 35 B AR RN, REOTHBEIC L > THERI N BERZEL TW3,
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LoTHRINS: “BR™ TH22L220boT, ThroRETIHRRICHL TIIMHRR
FEELTERT S, 2L T, B8E - XHAEEWIC L > TR E N ERERME (NFEEK
W) ZENRL ) WEE - MEEEREERCRMT A L iIc b, BICE 2T, EEEDICE

N>M

N(year)

B—6 BKREE TN
Fig. 6. Magnitudes of floods and cross-sectional shapes of riverbed. In
case A, M-terrace deposit forms the boundary condition, while this
deposit becomes moving material in case B. Similarly, N-terrace
deposit forms the boundary condition in case B and becomes
moving material in case C.
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(1920,1935) icfFEE N 3 £WABH (polyclimax)iz, 7otz & L THEBELRTIcBIT S
BB L L TEELEHL T35 L5 THD, Whittaker (1953) i2E - Ti3, “BE¥% % HEK
T 5EEEBIIRRNENIC L > TEMT 20T, BAEEEIIREEER L > TEDL 2 BEEKEN
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WETIE, BEOMMLIRE (F1U,1984) icALN 3 L5, Xr v 7HEREBROES
ZRIE L LA S (99,1984 | 1A, 1984 | Al « LA, 1987). 2o FFRIZ, ¥
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Y% b, TRLEME (BHE,1979)" w2, INH7TaER, F—rRHERDWTHT
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X250 THIUL, EERL LN TV 2B, - NEEREERL B LT
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> 5 L72REIR, BOREN PREENRBL LD 5T b, 22T, BT
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West, 1981)

Fig.7. Some forested areas are too small to reach quasi equilibrium
because they are subject to large-scale disturbances. A small
watershed can be relatively unaffected by the fall of a tree, but
drastically altered by a massive fire (Shugart and West, 1981).
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TRARELLRBICBITTHZL28%KT 2, Tobb7ubRt LT, FEELLEE
THY, W) RERDIRZMOTRERRIML b5 2 TRERBERDZ EHTE D,
TRIEHLT, MF<) OS5 —> % 2 WARICHIL THB L 2HRRTIE, FROZVH
TN WAL AT B RRE, BRI HAAT B RRIC T, AN R 2 B
REBEL TS, BROBRELTELLED, 2EKELTELZANICL »TEE - L
EORKTIHED S, I TOMBMIE, BRt - TR KB H S DRE RN 27—
NTHRELN TS, FLELLTH7Tv LR L3R LTH s —2icEBLTW
BoThb. BEMICI, b TONE Ry — MBS L > TMBAIREI NS L BbN 3,

5. R4 —iS B

1) &¥MAaBICB T2 27— Vik4E

WEANHARICHTAREMZ yr—LOME, B UHhE(tructure): L THL~LES I
DV, WEFE - WEENSBICB W TERENICERS N, EUHNRRICOVTITEREIC
BWIRLLATWS, 2, BECH-> TRHENFTRICEVWTLRIIN TS,

WEFICE TS 25— RSORMBEIE, TTIE—1IRLA L i Schumm (1971) ic
icfﬁﬁéhfhéoﬁﬂ,wb@émmlitﬂ%*tﬁﬁéﬁﬁx7-W@£§Eﬂi
WICHRER L, EKBRRERHT®EBARENFERCL > (EPNLEROMNIMLICOVWTHAEZ
B2 Tw3, “ERKkMicB T2 RERHRIZ, WAKOEE, KEEXL TKBY, KBOIRICE
FE3Nnd, LLLds, BHAANCBWIREBWEMZA S — L TE L2 0, FHRR, F
BRHRIITIEELRET Z2HIAERTHE. T ebbERICBW T, BHRIIOREEN
EREGCHMNENARREETH), —FK, BEVREAr—LOBABE TR EHERDES
FANEEEEZ TOWL I RS,

VDTN LA L MBI H 1T 5 W) RNEAEORHICEL TLRRORMBEL ) pH2
% (B 5 ,1986), BTN OREF Iz EAICMBOMBREZHB Z L2, ENEBRELT
WEE TR, MEBDAXHWERETI LN TN A2 20ERALL, Zht T8
BN, LWy, Thbh, RECKH L THNOEIERINE EEZ2DTHE, ZRIIL
FANTETR, BENTHEIEANEIEL X E2DRMENVETICE 2 L0 T(TRIGEMN ),
HAENTNBEREFRRRBICHE 2 T230TH 3, HMBEETIINENFRE TN YRS
BRTHBENOHLT, MITETIIRGIESGRETHNESMIIZOERTHL LEZLN
TEN, MEORBIINEET 5., K13 ORMENREH, Schumm HBIRL 120 & ERE,
BHRELTWEBMAYy—LOBVIEH D EBDbNE, TN LERC, HInh & HE
OICE#IND FTORM, R LICANE»EBRINIOIETIRMIHARICEIN T WL,
FREPBETIORELLE2 3,

ZoiEdich, BREMAr—AOMBIZ O W THEETER I NFIZ S, HEico
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BR—2 HECL2MTENTHE T0H (854K, 1988)
Table2. Geomorphic types classified by spatiotemporal scales (Suzuki, 1988)

B 2 £ | BRMY ERAEY . ®% A K L% b BE. kRBE.E N
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i i i T, ERCE B R
s (X0 R (% b Ele gt ow N g e w wi B
E ' : : LR S HEX X
z - kO, MREIR N K LR R K W '
Bl XWEE |25 B E R BERRE ) L T ik W BIEE AN
% 5 v - VB R R AREAR
7 RN i
o |MREE KA DEEE AE L HFERR ZAMD ST
A % BAW N BB EE M :
A ] g o B R BBMIE TG R R R E N,
2 MRABY \ART BRI S A MES RAB S BAR G
, EXE XL N3 - i
REBORY (B 5 ey mamimnowp , ! ;
BEHROM 2 1m 10m 100m 1km 10km 100 km
HET 2 RER S | % L LS B RN -NB'% B B 74—t
BB B M| EB~KEM KA ~ 10 BRM~10F  HE ~ 10°F | 105 ~ 10°F | 10F ~ 10°F | 10F ~
—H A — ; ; ; SHARY
VRAEONAL 5 HARY— - T :
SORRARE % ' : : ;
' : . —— i A T— .
: : : L G317 :
FULE LIS 10 10 10°* 10 10-* 107

B BUMOBRIIBRL OB THEZ L ERT. BEBEERTH B,

WTHA (1988) »EE| LEBIEE— 21BN 722

BHREIC L XU AL, EYDOINFLMBIIL TV 30REBETHS 5, LBE
BT BLUERE, 30%WwL, 420OBBIRST 2 LT b, BEk(individual),
fE{k B (population), B L L < i3 FK(community), £ L THEMRER(ecosystem)TH 5, =i
513, WhWZEWET ) HE, B, BELVORINCK LT, ZEBICEAL Tw
(. BH (1979) 3&EMH NDOBBOLBHIZOVWTRN L F 2T, “BT i, L
NNVBREV I DRVRNVEZIE L 22BN LW EBMAKRICEKT A Z L, TOVRATR
LNTABE EOVVICBREYICHIRT 22 LNBREI K 2 L Z A ICHELER S D L
W2dJd," MELRBRTH), ZDEITOWTIZERBIE L BARENE - CBEL T
Ry 3,

BEERETRAIN T2 “BEMS (Hierarchical Concept)” i3 = 113 THEREIC 5
FEENDLVNVBHMEHHL, IDVEARNHL) TFOMSL LT, BEML QB sr—
KETCLVNUVRESHAELTEIELTwd, 29 L2V ~UME4i3 Landscape Ecology
(Forman & Gordon,1981)~\ & &t i kDS, MMOEARNLEX L L TOYBWEAR L, KT
HrEWENBEREZXDA—I 25— NDORBETE L2 L & L TV 5(Noss,1984;Urban
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et al,(1987), —#lL L T, Swanson (1980) iz & - TR & 72 #8584 B9E R(Exogenous
events), HFa9%{L(Geomorphic variation), #4:%1t(Vegetation variation) & R 2 7~ —n
DEEEEE—3ITTL .

R—3 ¥ - EEELIABRRENERORMZ 7 — VX5 (Swanson, 1980)

Table 3. Geomorphic and vegetative variation and exogenous events affecting ecosystems and
landscapes on an array of time scales (example from Douglas-fir/western hemlock forests
in Cascade Mountains, Oregon) (Swanson, 1980).

Event frequency (yrs) Exogenous events Geomorphic variation Vegetation variation
10-% to 10! Precipitation-discharge
event '
) “Base-flow” erosion by Physiologic response of
noncatastrophic processes individual plants
10° to 10! Annual water budget,

moderate storms

107 Extreme storms, major Periods of accelerated - Secondary succession
disturbances of vege- erosion—slide scars,
tation {e.g., fire) channel changes, etc.
10° to 10* Climate change, Intermediate-scale landforms ;
glaciation terraces, fans, moraines, etc.
Primary succession,
migration,
10¢ Episodes of volcanism Gross morphology of major microevolution
drainage and constructional
(volcanic) landforms
107t0 108 i Development of physiographic Macroevolution

province as a whole

HRFIZ B WTHE(1979) 13, BT, HEICBITAREMA S —VE £ N 10°~10°4,
km?% L T 10°~10%4E, ha & L, fh¥R5%H & BV 2HEBICTRL T3 (H—8), Hi3,
“WTAE - HE - BRSO - EEE T, RMEA»KRE, —F, KEE--XRI¥E-#
TROBHBETIE, I70BEBEMOBRIE L->Twd, ZHIINL T, FKRE - XLK
WEDE - MEERIE, \MoOBR 222t b UMM 28REL, WITE  fRE -
B T¥Ti, \MoSET228HNESL L TORBMBMNKC T > TW3,” LBRTWS,
LT, RENLHMBEERICLELHBIZ, £EEKR, BARER - XUKYL E0ME, WEE
Wy, BBl TRLNBLLTWS,
2) BAbRRE L KRN
FrLT, BARECEWTEHMR Y — RS BRENTEL L EZ DN, BEHNE
BRFICBALTHTI NAREZFE > Tokwrb2b ), E8IZ, BEMEL L THEITS
NABAREOKRIIEHMBSOEE#ICH ), ZHORHIKBIFE L IBRENICRE S &2
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Fig.8. Time-scale to understand the natural phenomena (Higashi, 1979).
T3 (PH,1987), ERBENFEOA ST “NROEGEZLEIC—FICLT, HIHR
¥BIERTAS (FHF,1958)" Z e TEBAICHD, HMrCERRICB W TIRBNERIC
BEINTLE->TBNEETLVWRRICHALTYH, MEAFLrEETIILICLY), ERTIZ L
DHERICEBRATELITHA ),

LiLl, 29 L CErNEHREEBROBRBARICHTIIH L) L T254, MEIEZ
3, BIWETRLALI Y, BRECBVWTIHIRHMAy— L TEETIHRRIL, LVEVR
MRy —NTETIRRICHEMNENZ L LTHD, T4bb, 25 LHRHEMY - TH
BET-o 288, 2R TEAFANE, 2ETNEHRRTREILZCWEARTHANL, v
COLBELBREYBRALLLIATHENERY L WOTHE, KRIOFTHRIZ, MR
—NVTEET 2 HABRICH L TRREROBEALZEKT 5121k, EbHTHIULTFETH
D, BPBHA~DEHLELTHS, LrL, EREZITH LA, BARE - WECL - TR
BRERNDAr— N2 BHEICTLEIH D,

UEan k5 kR, EBRBEICEWTR, MRRAIRROICHEMEINT 20, K
REROBEE S & b b g R (Continuity equation), K52 (Motion equation)?) IK#REY
BHIPLBREICT 25N, BARRICEW T, THNET2HAR - NROREBZEL-
ZMHAMERET S Z LICKAX R, MEEROHN, W% L TRREGNREI S
bHOTERL LS,

KBREESBICBWTL, BREMAyr—1V%2TF3, ¥%bb, I i7vic, NS
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BB TRAET A EiCt»TNA, BRISELZEHTEDLLELZ TWLHREL A %L
ZwEBbnd, L5, EERIHBMEICEBELLLZVWHRRICEW TR, BRIy —
NORSIIRERE L TERBFRNELL EKRL, BRICHIDEHAI;SENERHIC DL D
BLiF®A L. LA, BNBERNEEMK(interaction)ic & » T, BZEMZAr—niciL 2
AR VBENELDD LADBRETH S,

6.REMMEBE

HETAER2 LI, Ay—URSIRABTHICIIR L 52, BARELZ DL E LSS
BWIITTILEAINTVS, ARTIE, REMMB2EHETL 0, BENEZFE2ILZ
T2y —NimeBAT 5,

1) Bz —n

INETARRTERL I, BMXyr—LOMBIIBRORRMRELRETIRLEEY
BMETHBLEZ LN, 2L NMBECRENICEET 2260 %M|2 7 5,0 Neill et al. (1986)
2, BMAT7—NVICETKBROVRAUREGEREL, “LIEROVNAV(BRVWEMZy—1
TET3) MERDOLV~L (ECBHAy—ATELT ) cMB2 5252 L 0°TE B,
Wizdhe v, 2% 9, L DEWRDL~NIVZERD LV RIVDORGIZN L TEd % BB (constraint)
DEIiIcAZD,” EBRXTWwB, 72 Urban et al. (1987) i3, “EBRV_NLOERIZIEZ b
TES, FMEL L TELZA6NEDIENL, BMRVSADEMIIERELTELZBITITR
TER,” LIBT3,

WEHEZ TR NVRLFERT, “NRETIERIBMIC L THILTH B0,
BTH2H»" L2, £FEIC O'Neil, Urban 62)*:2&'\"( W5 LIRS L ARSI
RLThdBbhd, LrL, "HE CIBEE (U0 »BH5N0 55, TRME, i3
FERED VLI E, VOUBRE E Ay — UBREIRRR L TRRZIThE e 6%, 88, 5
RMAT—NVTERTIBRICL > T, EVRMATY— NV TEAETIERRIBRTEZIEICR
MEERNEL /N E { BB 7y — NV TEILT 2 BRI, ZoOBRDOENER > RET 58
B % (constraint) 2 FERE L, L TRIBM A > — NV TEILT 2 ERIL, BRE L LicELT 2,

LeL, B<NOBRREBFMA— NV ETH—MICELTOI ) ETEHE, TRTHBRR
RHTIREIR—BIRr—NVRBRFELT, BMEREROTBZ Lz TEL W, L
T, ¥, &, KM, B, A, £ 10FEL W RMAr— V2 EENICRET 2N FEI W
EEZ LN, TN NVEBETINHIBUTHS ), LR, BARICL > TRREDRMRr—1
MORBIMEICIZHTLIE L LWHIH 2 L BbNEY, REL L NERICBRTLE, ¥
Nz 25 —NRIcB1T 2 EBRDOBRIIELL L\,

2) My —n
ZEM Ay —id, HENBRL L TOW2HROEMBHV S5 (B) 28T 5. B—913,
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STREAM SEGMENT REACH "POOL/RIFFLE” MICROHABITAT
SYSTEM SYSTEM SYSTEM SYSTEM SYSTEM
1P m 102m 10'm 10" m 10'm

B—9 mFRicMT2HEMRSE (Frissel et al., 1986)

Fig. 9. Hierarchical organization of a stream system and its habitat
subsystems. Approximate linear spatial scale, appropriate to
second- or third-order mountain stream, is indicated (Frissel et al.,
1986).

Frissell et al. (1986) AORL 22WAIRICHT 2SN TH L, SRy —nd, b
EAATEEMENTVBEI—2BENL I I2, EXrSHICHINTWE, EANEETW 2
i, E»b AIREEX, Z29ER, [RXRER, #BEER, BEER:ZVZ25TH5, b
i, 10"m A —#—i2 k - T Stream, Segment, Reach, Pool/Riffle, Microhabitat & > X 7
LERFLTVWE, ZNE S HAMNRNEMR Sy —VEHD, EIEZNRETETRTONE
ENLTHRETHE2E )23, BRODBLIATHY, XENICRINRETIHARISGL
T, BMAT—NVEFDEETHLEZD, L, HRARICIE, 2KEL CBRLERHIHE
ETE2IELEETH), 25— NEFicdlo TR +oERTLILENH L, ZM2r—n
Koz, 78— DHHRMERL TV 372500 T, FREBRSHIBEAINTHEVWEREIVWHOD S
ERBIMREZHED Z LI TE LW, L2dT, ZMELICBITsREMXy—LER & /NE2H
2 —NERNBERRIZ, KA45r—NLVEROMSHI/INR 7y —NLEBERTHS &5 Lok, M
WHRERHEL 2, BrHE, BREBR7I77INMMEZRTVEEILLNT, MRT—1
do THELNB/INEHDEEII KAy —NDF— R E2HRL, FNESRELIZKD
- EERT 5 (R—10), B, EBREESFFO—-BTCITbRTWE LIS, E0/E%
Ar—NWVEERTEIIEICL>TRRIGBL 285 —> (FR) »*BHLNB I Lich b,
EZAHH, KRR — RN ETELL TS, BEbNbNI BN THRETE 2
NI —V IR LHO—METH 2, ZHO—MEIIBEORRNELRERTH), _RL THE
H-BEATEREINELNTIRZV. Tibb, ZBEAS—VIRMAYy— NV IcBEL THE
THoNTHABABENERZ OOV NEEZ LN, BRIZBTIZLRRTEL Y,
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%Jiy;

E—10 737 %LA%H—F (Stevens, 1987)
Fig. 10. An example of fractal structure (Stevens, 1987).

3) Bz — =My — B

BERIEYICW 5 { N BT A RBIEVEMICRIDICNL, AHACERT2RRIIPE
MLORIEEWI ERESICBETEL, T4bb, BRRMXT—NVOEEIZAZMZ7—v
CERT2DIENL, S8R —VOERI/IEMZr—LIcB3E5 L) —RENHES
EHEIEHNTED, R2EIFUAEL VI B—DBRICEL T, BELBREOMNGREZ AN
WEZHRBICHE) L EZLNDD, RUDBAREZBEMASr— VO LhTHEZ L L ECRLT
LSRR Eb%v, ZHIZEFEC, BARCHE L TENRAN-IHHEH»RL22H0TH 5,
Li2dtoT, HHBRIZERMAICECEBEICH > THELZRIZL (DL IR ZT)
FrHERARRERMEL CORCEHEL»EEZE2 2 (B LRBZETEW) 2tk 3,

ERMTEILL, M ORZEMICBILBREZNRETEHE, BMAT— LV ETHRHEE
ROt T 2 MRS N ERZET 5, ZoARML, Bt RT EM—11ick 5, Bl
Z7—n& ), AIZBicHH 2%, BizCic#illz%i72, La»L, chod»ohmd 46EH
BRL-TH), REAY—VEIICE D, BT —MBICEVABRIIOWTAS L, af
XMicBWTizC, o RMTIZBEC, de KMTIEB, 2L TZN& N ENXMTIEB, C»
el 2T L2,

Z o L72BE, 7=& 2 3WIKIE & RO BIRICED b b, Mo KIRIL 1 RefBAL
TRESCEBL, ZOEBITHERE CHOLCEBEICERY, B—11 TRATRETES, Zh
AL CARER DT NKIR IS T 2805812, WHWAEEIC L3 2 —RTHY, BFE-F
HICHEAEDTEEEZ T, Licd»T, BEEZBIENTESL, LrL, ZO%E
b ERIR (B~e) TIREFETH22%, THR (a~8) TRHOIZHVLEL L\, ZELH, WK
HRBEROMKICENIERL, HENWICHEINEE2ZTILL L2206 THDE, Lizh-
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EOWTEDRMRr— V2B LI T 2LEFD D,

years

months

seconds

- , mﬂ ,JB .

B—11 ZMRr—N ETORBRERNEIL
Fig.11. Changes of constraints in spatial scale. Phenomena A, B, and C
change in temporal scales of seconds, months, and years, re-
spectively. Phenomenon A is constrained by C from « to 8, by
C and B from g to 4, by B from ¢ to ¢, and is released from all
constraints over the sections less than a and greater than ¢ point.
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HBETEEETLZLETHY, Z£LT, 2) T HRFL L TSBRERIE N5 HFMBE,
WRERIFEL Y, 12054 $HEM, SKRTHNCBET LR, AN HERERTTHIETH
b, FICEEL»ERL2VvDIT 2) OBATHY), FETRBH 2T THER~DERRAEZ R
ABZEIZT D, FLTRRIC, A7 —NROEMENDIGHIZOWTRNE Z LT 5,

1) BREMOF &

BLIERL L TRAavEEL LTI L LW i, BIRNE LTS T, THN, =
DT EIFEMRATY —NVORELZERT b5, KNETHENZ LS, —REL TURWEMRS
—~NTRETIHRIE, BOBHAr—NVIZBT S, Lid-T, A—EMA7r—LTEDHS
NAZBEROABMBLERT S Z L1, BL TH—BMATr—NVICET 5 ERTREOERBR
FRZLIETREOLINT, BB LLZ2BBRLVEELHMHER L L TORBMZ 7 —
NER, ZEBERE L TEEL 2 L LVERMA—VERICET2ZEZ5QIT R E
%b, BRNEBL VLWL REL IBEMRA Yy — L TRETIRRLH— - HRIICERET
DEICHY, BEAr—NLEBMTSE TR 2BRELZTEL LW, BRoBRELIL, B8
2RHLBOBARLEMAr — N EBR/NEER S — L 2RHBZETHY, HERICEL > TEH
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TIUITRAMER E AR Z2BIRT B2 L TH2, Zhicd ), —FEMRAyr—n (BAZEM
27—, L RB/MER) TRETIHARDL P TEDERENRMIRR (BRAZMR 7 —
Ny, HLCIRBEAKHR) $TEL22008H0N5, L) ER—9ICBWT, FDEMX
F—NETHRET L 2EBHCELTHNTEEI O LLNTH S,

B2EMIL, BB TREIN - EZMENTRETIER (BER) +TE5/701HERL,
INERMAT—NICETERBTLEZ L THS, $4bb, Schumm (1971) ARL 72&—
1:EBNEZERTNIZTEV. 5 & L Schumm 2B 2~ — L & L T 3 2(Geologic,
Graded, Steady) 2 22T T\ 557, EHI2 X 5 II2#H { ¥ (second), S(minute), BfE(hour)
etc b EBFTHIERL T3, FAINITORRTHLL L L H IS, Ry — it D
ABETLIILY, »5 T CHETIERNEHR (HFE) BKRE27FL TEY, Schumm »*
ToTVa I KHRMNICMEITH IR THI L2 ETILBRIET VT LEbNS,
FREZERTIE, EHORNBCHEULTHELBETLZ L, INERLEDS ETEE
Thd, 712& 213Ky, £, kir, BREBOKESTH 2, 72295 LARKEFORHIZ,
INEWV GBw) BMAr—VICBRT2ERE 2 ATV 3KRES L BICESIT 2 0H0H
BEThbd, k¥LZL—RLT, BEENL-EMEAOCERIEDL ) ZERICL ) E MES
&wabm##%&uﬂﬁ?éé#afﬁzoﬁ%mtu,:mﬁmi%#&Téztﬁx
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Fig. 12. Flow chart for the classification of elements based on time-scale.
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2% b, LT, BEEME L TEENCNETEE L CHRET- T & 28— (Riparian
Zone)icBIL, ERFOREMAYyr—LES%2T5 2 22T 5,

FTRMRTUAbLbLRARMA Y — NV ERPNEMAr—VEREL LI NIE T b %V
ZTIREFEIC 1Pm~10"'m A——%2BHT B LicL, WBBRRENRE T2, ZHEM
A—F— TR L THIE— 9 i E MBI TREN TV 3, KIS, BEXr—LE5D
ENBAr L LTH, &, BM, B, A, A, &, 104, 1024, 1005287, 2L THRER
HARRE&E LTI, L, Kk, ¥, K& KBk B (Bh, &5 L. 5LNICE
ZBIENTELHERY, 2E20ARS, BMAYr—NCIGL TRETILR—4NEH I
b, TOMUCLEFXFEELNBERAMRIT TV LBbsY, 2EFL L TERL T
AR-FAd

SEMICERTRLA L I, EARAPETH)ERICEEIATE), AWy —> ¢
LRMBEERREER T 2HERO L H T, BRHBRETH S L, kBRI ERKEZRL TW
20hbr 5, HPREMIL - KE v S RMEYIMIC Bl (constrain) £ Z1F 2L FEL T
3, Lo L, HEIRENH —RICL > TARY - ORE - BFRICEEL, VTR

B—4 RS- RT3 EERTFORMR s — VS

Table 4. Time-scale classification of elements existing in riparian zone.
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KERK - ARMFNEPHCKVEERITT,

BRIEICIZ, 72 2T 10 FA—F—TRET 2 HBEARSMEL 2 & ko, ERTICAMH
ERREE L CozEBRLEY, 0cm A—F—DENEIBET 5FEA4A— 5 —DEKER)
(FAHKEE) ¥, REOERREOTRK - BBICSALEEL 52 586, WKL) Z
B, MNOBEN L EIHRINIBHL L F2HARLZ LHTE D,

L, DBy —ED Y, MRERIERZRICE VW TEMC T
Abit) Twar—25%<, BHICEBMEAy— 3B/ TR TEBREZAr—LnE
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Fig. 13. Influences of natural disturbance and human technology based on
the time-scale concept.

(&) Natural disturbance : Natural disturbance presses long time-
scale elements down to shorter scale and it causes extinction
of other elements.

B Rehabilitation work: Rehabilitation work raise shorter
time-scale elements up to longer scale, and other elements
which were previously depressed are then released from the
environmental stresses.

(©) Man-made structure : Man-made structure can be classified
into time-scale based on its life span. Constructing this kind
of structure in the natural field is interpreted as adding the
artificial element into the previous structure. Consequently,
this effect spreads over the shorter time-scale elements.
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Summary

The need for the development of synthetic disciplines such as “forest science” and “envir-
onmental science” has been increasing, and therefore, the methodology for the synthesis of
disparate disciplines should be developed, as opposed to the methodology for separation and/or
division. To merely arrange information from various fields in a row is not sufficient for
understanding the characteristics of the natural world. The author has hypothesized that
temporal and spatial scales for each phenomenon are the key to the successful synthesis of diverse
data, and this point is the main subject of this paper. The outline of the contents is as follows:

1) The basic sequence of study for field sciences is to first survey the objective phenomenon
in the field, then arrange and analyze the obtained data, and finally estimate past or future states
based on the analyzed results. Temporal and spatial scales involved with the above three stages
are used to overcome the problems of determining the surveying interval, the total range of
obtained data, the dimensions of the data, and the process of inter- and/or extrapolation from the
results (Fig. 1~5).

2) When one studies a phenomenon, many elements considered to be related to this pheno-
menon are selected for discussion. However, which elements should be included in the formula
because dv/dt+ 0 (where v is a given variable, ¢ is the time)? Which elements can be ignored
because dv/dt=0? Which elements should be considered as constants in the formula in spite of
ov/8t=0? The above questions determine which elements are dependent or independent
variables in a given temporal scale (Table 1).

3) When phenomenon y is explained by x1, x2, - -, xn elements as y=fx1, x2, ----, xn),
the element xi changes over the same temporal scale, while the element xj changes over a longer
temporal scale than phenomenon y. The element xi, which changes over the same temporal scale
(awi/ at + 0) becomes an occasion for the phenomenon, that is, it co-occurs with the phenomenon,
while the element xj, which changes over a longer temporal scale (axj/ 3¢ = 0) becomes a cause of
the phenomenon (Fig. 6). i

4) Processes and patterns regarding vegetation have been discussed in ecology, and the ideas
used to explain them are represented by “succession” and “habitat segregation”. However, the
temporal and spatial scales in which these theories can be applied are not clear. For instance,
how large an area and how long a time are needed to reach a state of equilibrium? Theories that
are vague with regard to time and space tend to be misunderstood and lead to unjustified criticism
(Fig. 7).

5) The scale problem and level concept have historically been discussed in geography (for
physical phenomena) and in ecology (for biological phenomena). Recently, this matter has also
been discussed in the forest sciences. Consideration of a phenomenon using the level concept
involves the investigation of the differences between the natural laws operating at each level.
The level concept is used to avoid the danger of extending knowledge obtained at lower levels to
upper levels without caution (Table 2~3, Fig. 8).

6) The most important thing in the investigation of natural phenomena is whether an
objective phenomenon is dependent on or independent of time. Consequently, for a phenomenon
occurring on a given time-acale, the elements changing over a shorter time-span create fluctuation
too small to take into consideration, while the elements changing over a longer time-span create
constraints which determine the total trend in the manifestation of the phenomenon being
investigated. The elements belonging to the same time-scale vary with the phenomenon.
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7) The bilateral relationship between elements in large and small space-scales involves a
condition where a part of the large scale element is equal to the whole of the small scale element
(Fig. 9~10).

8) Generally, elements of a longer time-scale belong to a larger space-scale, and those of a
shorter time-scale belong to a smaller space-scale. However, this is not necessarily true in all
cases, because each phenomenon can be distributed over different sites of different sizes.
Consequently, some phenomena influence a large area over a short period, while some phenomena
influence only a small area over a long period (Fig. 11).

9) Methodologically, the first thing we have to determine is the spatial range from the
minimum to the maximum. This will show how the samll elements (minimum space-scale) are
distributed among the many larger elements occurring within a given area (maximum space-
scale). Secondly, many phenomena occurring in a given spatial range should be given a “large”
classification (vegetational, edaphic, aquatic factors, etc.) and arranged according to their time-
scale in order to understand the synthetic relationships found among the many elements (Table
4, Fig. 12).

10) Rehabilitation or conservation work raises specific elements having short time-scales up
to larger scales, and other elements which were previously depressed are then released from the
environmental stress induced by natural or artificial disturbances (Fig. 13).



