ITEIR BT B AR i R AR
(HBE#ES - AE)

S TR ETHREGHE | /e

MRESHA - ATHR R ¥ B e E RSB
HBEAB M EMEE

o % RBE
HRWE  £H
BB 91 £02 A 22 8~91 #12)% 30 B
HREBH 924034148

Fd}/oo?(o /6’—7



R

IR

FAF57:C09101629
/

NOB O B O®E RE
HE: ST & &

SINEEHSE RS ITE SIS

TTEbE R R Z R MR AT
YN Er
BHA,/23039978#1215

HEAA:

FE TEGTRERREMEREAT BKEREM BRRER

HABIXER:
HER b
HHEHARED:
s Hi:
SR/ E:
BRI

AR

W B'BE

B
RENENH2X2H-ERIE12H30H
BB 03 H14H

F8 M F8/ Mz

Y7k 2E BE 7 4% (Riparian Ecosystem Management) ~ 275861
(Biodiversity) - BRIFEAkE% A International Forestry Information)

AW EN T EE B S8 L RPEI LR HE | 08 VA B R R LS R
Foffy - fFHERESRETSEEE - BN ERERM oM - KEEKE
B o fEF9HE AR - KRB R RS ER AT AR ZE
Fff(World Forest Institute) A B R4 A S TERE I B IISES) - RILE
BT SRR ZE AT ZHE - 2608 RIVEFINRIBEEE - 2EAM T
B~ SRS A EREERS > WHEMEEE KRR R AT ERSER A
BRI EEEOME - AREESHREREI LT RN ERMETRE
BT 2BOEE  EEEEENRM, - KRN - ZUEEIFRAREREK
KB ETREA N AR IR A - BERIITFIBORIE RN &
SFATMEER (Credibility) 122 » HRIEBEFE G (Legitimacy ) &
% (Salience) HYFFh » BEBIMEL AL EE LIEBEAE - IHRMEXE
TR BRI OAY) - SLEEEEFT - FEAE B S
{EM: » FERILTESTENHEI - "IREERRES - BREERRIIK
HHITHE » FHEME AR S TERIER -

AN ETHRE LEEHEREEARE
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£~ B&

HER BRI ERBARLLASE ARAABMAYUEXKEAEARE
B AXBREREREBRZ » AR T (riparian zone) £ 4 & A ¥ ehbfia
ER -FLRBRERTET  SFRETHREGHMBREZE FHRIEAFRGK
HBIEFEK BLEHBBEAREORERK 22 THEAERYBEH T
HMEX- -Hib» AAEAFR-IHFEL AL D LRKRPHEELILE 10 255
BHOLRAGEESRBIN AL RAAFREREHKE  ERRAFRE AH
o RKEBRKRTBILE BRALEFEPUTHEBRARN -

FHoMEAEBMBBAESRIE  RETRZIERD B8 - BRREHR
$RHEGE GZARMBRS REARRARENARMTAERFR 204
EHB RS HE o R AM P (World Forestry Center) & &7 4k » 7 1989
5% 3t R A AR 5 A7(World Forest Institute)  # Ak ot A7 £ 844 24 B S B
BAEFRE  REARTDR LELEPALAMBZIANAERBRENER
HRERAIIFBYARFRELZENR EFVRLBEHEBERRERAR
AEERMRRA S WA - Bk FAAGYZ A L ELRLE I EH
i URAEBRET NI EBRBERE  HEARALESEERE T H
A e



RERTEPAE
. ZA+8;
ERARFQ BRPEREHAREARMS T -
# &  Gustavo Daniluk, Uruguay
Tatecki Hata, Japan
2. ZRt+=8:
Salem : %/u SWG FARLAE g €3 -
X3 A ! Floyd Freeman, Silviculturist, Cascade Resource Area, Salem BLM Distric
3.=A+w8;
Lewis & Clark £5g : &3&%#‘%@7315\@% ?
3% § ' Chris Jarmer, OFIC
Jim Brown, Oregon’s State Forester
Daniel Hall, The American Lands Alliance
Paul Harlan, Collins Pine |
Janet Neuman, Board of Forestry member and Lewis & Clark law professor
4=H+AN\B;
HRAKF G ARERAT -
5.=A=+~=+—_8:
Portland Convention Center : K# # B T RGRE S ©
6.=f=+A8:
% B##F (USForest Service) : AKX Leypt H Rt & -
7T@WARw@H ;
Oregon M KZ I NBERUHRERARERE -
8w@AR+8;
Oregon A ¥ & * 535 AR B K BILIFE ¥ ~ ¥ REBR A K LA KRS -
9.mA+—8;
L@ TEL SV RAKEER R IA R iR st E
Rl 75 5] KA sk pRit -
10w A+=8;



R ERARTA ¢ S Bt E (The Project Learning Tree) o

11w A-+AR;

Oregon ML K% : T+ @BHRERBATHRBATHE -

2wA=Z+~ER =8 ; f

HRARARLA KRR EAREH SARTREH S RN ARLEALE
NEEHF - FHREEAREF NGB - LE KT RART - A5k
BERABRSYES B PHERABT- BB BUF SR T TR - HHE
FRRREE 4% - HEHREBEHER -

BARA=ZAR;

Magness &35 @ I EHREHBHHAE -

14 A78 ;

Oregon i 3t K& : 77 % 4 3548 4o 75 e RIR 69 s -

%% B ' Maria Dragila, Department of Crop and Soil Sci'ence, OsSuU

15,28

HRARFEA  FIeARMGHTHEES -

162/4+=8;

Oregon # 32 X % : Coastal Oregon ;& /L B fo k0l X 93T H-E K EF &
wEsER R RS -

3# & : Robbins Church and Jana Comptom, US Environmental Protection Agency
1728 +w~+%8 ;

Oregon #1 3t k% © B & $ ¥k § Ak £ 55 S48 -

18EA+7x8;

ERREAREHFTHE TS RARSFo L -
1992++«8 ;

Hull-Oaks Stream-Powered A#t B @ £ 2 X MHH £ -
2002 =+=8 .,

Salem : Hampton AK#t4 & #hib B Kbt R ©
21;xA=~mA8 ;
H.J. Andrew {84k : £ LB AER A % - ZEHREE - hE KR R BAAF ¥



BERIWRRIEFHENE -

2. xAXE

PEHEREHFHRAE T REHER -

235A+8;

Oregon ML X% : Oregon B F LKA EKEN — 5 AT REL A -
24.%A+—8 ;

Starker &tk : S WHRR G RAT] KEGWEE T -

BARXA+=8;

BLM, Salem : $-3 #4 #4& A # T &ATHE R ¥ -

26.°AtwA ;

Oregon M i X % @ 235 A+ £ %A McDonald-Dunn % &4k
27.7A++x8;

ERAKEF S FTRBEMEFHARER DB I RERBEEE -
28. XA =+8": _

Portland : :4 3 M bt EFEEHAN G HERARPALER -
29.%B=+—8;

Georgia-Pacific th ¥ 22 8] * £ #M B - RH B E R ESAFT
305 B —+w~=+A8 ; : |

Sisters : % M Ak &k ey F A £ 3t &

31..tAAx8;

HRAREP S BAGITEHR REIFEEEREIHEER -
32A+8

The city of Portland office of sustainable development : £#.7 ¥ o4k K4 -
33.cA+—8

Weyerhaeuser Woodburn I-Joist plant(Mike Ritter) : $-# 4k 224 89 H 1k -
M4.tA+EE ; -

Oregon coarst : £ REMAE~se T & (Spotted Owl) 2 &% % 3F -
35. £ B+

Weyerhaeuser Albany LVL plant : £k 4 ey M 4% o



36 tA=+=18:

BRAE | TR BB BB R AR -
37.«cA=++8 :

HRAKE T ERERALAREMEH S -

38. - =+A8;

HERHET N BERORERAMKENP  PRELARAN - BHF A
MEBRETHORERT L EANBREFHA MO AKRSE L0 -

39« =+n8

Klootchy Creek Big Tree, Chapman Point, Ecola State Park, Oswald West State Park,
Short Stands Beach *© &L K-FH A LE ~ B L ~ B3R -

40.tB=+8;

Mt. St. Helens , Silver Lake Visitor Center--Eruption Orientation, Johnson Ridge Visitor Center---Blast

Zone Forest Learning Center—Reforestation © ##hey B R FH(K LB H)FE BT &3 -
41.«H=+—8;

Horning Seed Orchard—Reforestation, Magness Tree Farm Tour--Landowner Objectives/Forest
Practices, Hands--on Planting, Harvest, Inventory Demonstrations : s R & Zkth-FF R fo B B
)::

2.NB—18;

Inspect Logging Operation, Tour Mill--Manufacture/Technology, Lumber
Yard--Production/Consumers, H ome Construction Site--Utilization : #fk#k$t B ¥ 4 7% &) B 14~

HREIEF -
43.NB—=8;

Cascade Streamwatch--Salmon, Wildlife, and Children, m useum at Warm Springs--Q & A with Tribal
Leaders, Mount Hood National Forest--Q & A with Forest Supervisor : fkth8) h4E-% 88 E £

Fa B A -

4. NH=8;

Portland : & @M KB EME -

45.\B+t8 ; .

Bull Run Watershed : Portland X B2 KR#hé B & HIAEFHE - WEKEHERE R
A~ BERBHRBBRE-RRAKBTRBBAER - K ERAKTOER A~ L&



KERARLEHARKEGVE - L8RP KT RFLLHOMGE LEXER
BRARBLBRRA AHRGERBA - - RBFH RPN - RABTE - Kehf
HRROBEREGES HFA A HOHVE -
46.\F /B
Riverside Park, Clack River Water, Shibley Property : 7 & & & 4& & fo K ' &9 B 14
# B : Paul Adams, Paul. Adams@orst.edu

Ric Balfour, balfour@oftri.com

Michael Carlson, Michael@clackamasriver.org

Stephen Fitzgerald, Stephen Fitzgerald@orst.edu
Steve Kennett, steve@solv.org

Clair Klock, clair-klock@or.nacdnet.org

Gordon McGhee, gmcghee@crwater.com
Gilbert Shibley, shibleys@123mail.net

Jeremy Solin, solin@ofri.com

Andrew Swanson, Andrews@co.clackamas.or.us
4TNB=+—48a:
Oregon Garden : £ AMHIEEHEE - AE] - HFRAFE -
48ANRB=++t8;

Harmon Property, Foster Creek, Barton County Park, Longview Fibre Property, John
Belton Property : £33 fa A thfv E ¥R ARBEH SN FLEMALE -
3 8 : James A. Rochelle, rochellej@olywa.net

Todd Alsbury, Todd.Alsburv@STATE.OR.US

- John Belton, jcbtrees@aol.com

Dave Harmon, DHAForest@cs.com
Bill O’Brien, wdobrion@longfibre.com

Tom Ortman, tomort@co.clackamas.or.us

Jeremy Solin, solin@ofri.com
49. LR A8 ;

Weyerhaeuser & R E)jK LBk © 435 Weyerhaeuser BT M F R B © &
B- 5 BA- 1R 45— R -




50./LA+=8:
USFS Ranger District along the Clackamas River : %% BEH B RERFFTHF
P ARBLEHEARARTE - BE - BRFRFPAIHE - RBHRFE
ERARBLEHESD ~ ik -
51..}1,)% +=8:
Columbia River Gorge National Scenic Area: 435 Bl F kb Fobh ¥ 44 %0k & H 48
A -HRERRAFENAR TR LA A R Gfo bR e) AHRER RITD -
3# B : Stan Hinatsu, shinatsu@fs.fed.us

Beth Kirschhofer

Scott Springer

Kim Titus
S2AR+EE ;
Mt. Rainier National Park : £ 3%/ 2@ B85 R SE AR ENE 2 HALE -
53./UA+x8;
Olympic B R #&#k ~Olympic B R KR T~ ! $HARRRIEEFERARA
P EHEL o
54 B =+wAa
USGS Water Resources Division Oregon Distric, Fanno Creek : % # USGS NAWQA
RIGHUTEEFANRERA > KR~ TR~ BRAEpH 9RGRAT > B
QA RA#K M EEF R » RREKBOHRFREFELYAH K BAE -
55 AR=+=%x8;
Willamette University © %o #&bhe) k& —#+% (Science) ~ 34 (Politics) Fo
R (Policy) ; MBI H RHU AR EFEA T E e (Credibility) #% - st
#RF A 6% (Legitimacy ) Fo g4 (Salience) #4945 & - #ERERE LA 2L
R MBLER HULERBEHALATHRR @S ERARARHK
GRYARE HERLABT—VORETELH ARTHALTRIELE
fE—RITHARAER -
S6.AA=++8;
& 45 M K55 #3£ %) ¥ % = (Portland’s Water Pollution Control Laboratory ) : £#.7K



TELRE - AMY - —RICBYBRESIFERE -

57+Fw8 .

Oregon M 3z K4 : Jim Wilson M@ 4% R L4 5 B RS BB RGEH HRBHE -

58.+AAB ; ’

Portland : $-35#f F #h F B Fo bk &1 3K -

S9+A+=d~++8;

ABAXA AKX AR ES  HAEPBEGRBAHNET LTRFEHRX
I Stream Water Chemistry of Guandaushi Forest Ecosystem Impacted by the

Powerfui 1999 Chi-Chi Earthquake 5 %o B4 o

60.+f —t+=8~=+mAa ;

Bend : S KERE B M @ £RREFE - BERBIEH RFHE -

61.+A=4+8:

ERARET AL RRELZE 2 o
62.+—A+=8:

Georgia-Pacific Halsey Mill in Halsey : £ & 4 & &9 8 4% -
63.+—A=—+18;

Ecotrust Building : # & £ B &M AHREHBRIE L -
64.+—A %8 ;

Aloha School : %8y #4988 X # (Friends of Trees) 8438 47 i2 whié 413t & (Urban
Wetland Planting ) http://www.friendsofirees.org » #% %]\ I K do {T#6 4 ~ 4o/ B AR
BRABIEETE L -



% o
—~HERR

HERREPSHNLBAYENGEHET  R—EFEHLOHFT @& -
LR ERMBREANREHRT EAMNTAARPERA RARMELGAREN
% REABREEFEARKBRGES

W EREHGEMBRATHARTY 2R dRNAKRG R SERE &
RIBEEMERORERD - BFRLSRAERRGANRER HIRETRL
2 ANTAELFROKAK AHRBEASHERABEART AT =105
BEPNBER L E S ILBAEHARMERYITHE;, B HFER A
FIHE AR F R BCRH A AR MR~ 34 BB Fod 8 R REAWE A bR
e o AL FIARR ISR BB ARG KEFA -

ARG EL B NG MERI AN TWAH A HARATLE LR BLY
KPR 6 AMURRIEE B0 A Sk A & o G A7 RM i s kb A R
AL Bt RPEARGEEYR  REAKROARERRELESE - TR > X
ERBEH M BHAEBREER AL -

HERREFCRBE——ARANREE MERARERE LORMY REF
MAMRRE ~ HARAFEHE ARBERARAAREBEHE - L0 h > BEY
ARHAEREE  FETUARMREBELTATHLEEEHR BE AR
BT A BRIRBF RGOKRR - BBR GG LR AR IG5 » & B TF 4 $dhho SHARM
TREGBRERE HREEMBEARBBIHNLGFT XML EARE -

HRAETCHERAEN] I 4 FBHARET S BEANTEMEE
RLIOSF MNEFBBELIFY—ERREL - 1964%F SRARER
H—FARK B RE - 2 ARABETHERE L CBDRRER - ERELHE
HFHREFC 19715 ZARTAREDE BHIMK HEFCHEET
HRTEHFGHE N HERCOTFLEARE SN AR A AR RERR
MR B BB Bk - N1986F HEXRETCELZAERKREFT -
E# 19 8 8FEALT BB R AT RTAT AP B B HbA Ak
FREBEEABER -



#3048 BRHE Y CRBAAREME KT - Magness LARBH S
W B AR R E SR SRS AT b 8 60 R R A 8 e R R
T R AR A REE O E B o 85 2GR AL o 1 F A
R A H WA H R S AR A B BRIROBA KRR -
bkt BB ~ ARSI A A AR A R AR EF EEH AL

BRI E o 6 S8R ) AR A A Ao SRR @ 40 BB
B R BARRIIASERHORAMARET ERGBINES o HHRE -
2EBAE R EEMES R ORBERE PR A WRARTEES X
WM BERM— KRB — B SRR ELSHEY -

B Pl RARRE N ARENE  RIZRE RS0
BT BBRAAKNBEEL  bf 8 KB M B0 A ANBRAHEET A
B RGN EEER - Hld BB EBE T RN FHEE
AIRBAEERFALEARTHROESAL 2R ERERANRSE
B AR R TRATEE S SR S > B ATHE S LA
HBAMEEAHFSRE AARTEABHRR TS EB0NM  AMLE
BRELDARER AR H WA o

1989 4 » 4 bk o A L1 TR MMt R AT AT o RAHAE
FrEERBARNGAASERE  RAREER  LELERAARBZMe S
YZEI TR CEI CLET CETE Y EXF LS

ERAMA TSR A RSO EREFHESH LN EEA R4
£ B — TSR T 8 R E TR A B KR TR R E R
AR, o A — A B R AT AR E D R -

B RAR KA A ek A B AT WA R A S 0 @RI T R
FORe - AMRR THAEATEBLIKE DM sRAEER > BLhE
fFARABLE REFHHRERRRALLEDHRBEANGHA EHEREETTR
HRIFHRE -

R AR RA A W R E R RRHA EaREARRBR
HEEEROMASA - A TRESATH LFOBE  ERARALASE—
SEBERK OB R X8 -

10



EAREFCRLRABRBN AR T REB/AIHAHEEZE L - # R
HEF O 15364 KRR AHHE - NARAMEHLETHHEYDHERR
AEHBRXES  RBFSHR RER - ERPRBEOREELR ° Hb>
ERRETCHEZARAMERYTRAR  RREFBEFERATEHRE
R+ EA > REFFPETERBIT SRR EHZRGA -

H#HRARE T #RARE TR YEE
( World Forestry Center ) ( World Forestry Center Museum )

Do P

% Ho % § %13t £ (Project Learning Tree )

%

A+t o4 7% 5 7% $ ( Wood Magic )

11



#4214 %87%% (Summer Institute)
= SR AREMS THRAER
WE
WITREARERASHAARLER? RENTHREE XN EEZRA A
BERFFHARERTHRRARBE —LRORSEE RS TR R M S
AR -ERABT AABRAPHERRERLERERLE  @EE AR
BEEHRBAUERBEARBEIEZNLE - EASHARERNARB AT
Rae S Hi BEEEUFTRRIOBRRBE AR TS EHHY - £ -3 ®
LEENERFHERH B REEHEE BRI BRIELFAHAAEHER
B MRS AL —RARB - KRNI ERE  HE - FREH A REY Y ?
HERHBHERIATERY 7 HERTH BB H I - BIFRRBEN?
HERFGHYRERFERAG? BMNEELBA LM BHE G RO -
& Forest Service PNW Research Station, OSU, National Forest v BLM i [F) 4
HHARESHERNFART =B
(—) AEBAREFXET 2L %M % &A% (analyze at multiple scales
-the drivers of biodiversity ) ;
(D) ROAAOARBRADRGFARE » WEEMHEH % (to develop new
methods of conducting retrospective studies from existing data ) ;

3 AEFHAFRHETRY RARGLMER L& iH 84 % 4 (to compare

12



adaptive management approaches over large blocks of land in a replicated ,

long-term experiment ) °

AEHBRRTHENEYSHREGBERT » BIMEEE  £REHRAGBHE
JolTHE BB R A AR ABBELMKRT TAG ? ERBNER T L fIRFERSF
WP R B AE B A 7
X8—: X5 (Keynote)

B3 B H K2 e AR KRS & Hal Salwasser ;1" = + — g2 48 8 w4 £ 4
B RASHEE  BUSREER AT RARTRES AP ARBELT XK
ST BARBFHAE AE > WARRGHREFARGARER -

—BFAW  KRUBAREZELELRLY > EHAF D HGERA IR
HFRFTETH 22 P& ENATHAARENER  LBTA —
B mMp AMPHERERTREE LG L LA M o AN Fo B 35 2R AP
VAL BHREEOAERRFRK AR ERBER - £ A ool B
BT HBFERHEEGIREEZMFRERE BREAREAR B X E Sl 4o /7T
AR R EM A BRI R Aokl 3 RO B Kb i
HEIEIAECS - HH 24 -

AHREESOFFHOCBABISORGREABRN B o fTH 2T T
It BEZRFHAEEL  REASHBR -ALEBAPEDSHREOBE  H
FHGEPHE - HRNERGFRERNE A 63040 ~ XA G A HUS 8 2
SR cMERRERAFKRE 1970 FRZEFHAER REARTRF
FLBARBEMORBARY R EABR LR HBRMTEARRE -

ERBRSGBE Mo EEEARZRABEINRTHFERTRE
PHREETRRATRET  AREHNFTARARHUY ATHEZHFTRAR
TR - AHGTHR QAR EERLREGB AP ad > RIEEEE
PITEERA 30 53 > £ERARERE O F HRBAEARRAARIKER
B MBRAEFECARE AREAFR AWM E S AANREEH
BREREIEOHA BFOFRARARGBE LR KoL Ie R gl
BETHBRMENTIHRALEEHI X - BAH BB 47 1900 £+ #1
oA S ek AR RAORKRRE - kM RN - T SRR E



EIRE >RGN E LB 2HEA OB E o BEBARAK KB LKA
REEMARE Fh BRI R LRI -

P S RERAREFREABLEARSANT QR ? HE
ROABAERAEGARGCE LR EEER?2EA THRECRAKGTEY
AEHAMEERAEREEEA BHUMTHARE L ARERRANH oK
HiganEE FREEREFRARRE REEHELKFERL Tk
B sttaReRAFEE S REMOEE B X KRR RN THF 7
G WARBREINE O RHERABHSHEPLERERRE TR GH
AREAKE  HEARSRBANESHE RBEAKRNA  RFRASDE
MAEERAHEEREARBELN THER - 48 SR EESORAN
FEEAN  RHALRANSER > ThE S AREG AN BREASE
BEFREHEE BRMRABATARKKARTHRA HZBBA -
(—)~ %A e HH

ARSBOEA - BENREOME  ATHRAXERSRANLE
A TREWEN  BHAAHEARES  BRMKER  LERM A RARE
U E RN AT NIRRT AL A B NS — FSECR W o A B A - 2R
4R 4 3 X454+ (hybrid poplar) #wig#t (eucalyptus) ¥R AE R E R TEH
FARENHEF  REFSHALERY RIEF G E 0 50 RBRRB AN
PeHR TR A - B AR EOBARBMR KRG LREH

REABEE LB AL BLoEMAR 542 AREHS R
MU B EAG FHESHROAEE MU EHEREERNTH  BF
H5 Wi ERGHEAAML AR RO AEEFRRFVEEE - ANE
BREARURBABI AR BEERGES - |
(=)~ &%

BB ABOMR R ERRS ARSLH FX L AFSLBRARE
PR MERKRANMAERFEE AREREE  EREREK - RAMH
BESRGAHERARFBHARREE AL EXHY THEH-EREH AL
FHHARRLERE BRREBMFIANZHHARZIVELRETHRROE
B o BRESRRERARNES - A5 KRB L XEARMTE

14



EMERRARRGEH » SRS REE R G AR » RINLT RIS -

HREAEBBSABAARLERSERARLE FHREENEXLSEA
RIKREFBRE - RANHBEE - ML LBARFHEEE BAERE T AL RS
EROEEABANE AR AREATEHBEEN - AMT TR LT
KRB RIEA S E R AMA S AN AR B A EORFOEE -
() % B AR

EEREABREEN S AMANARBRARAORBL FAEEEH
MARREEANE— S B  LARM AL R ©F Pt SO0AK
£ AR NF AN ANARECBATT (FRbFEE F8) 0 THLA
BENZANRE  FALETRRKZLEL - LOBRRER L8 RaH
S8 EB AN ARMARLRESLS -

% 5 AH AR AA M SR ER IR B AR 0 kM A KA
AMBRMAREL  ASLARYEEINS ABALE L KHBFEEE
WTEHSEERE AEARREEMARNGRE  BARNERZEREHE
BAFERAAL B R REE— A RRARTEH OREAEE - bR
THIEN & T I LM SRR RE ORI AR A KM A RRBHALRER
BEHOBBLE  RETRA L REETHLERLIUSEFRAKNA
HRITR -

BB 5 AN A ST A T B A 2 80K Ak 8 R Al L 35
B R RARMBTEHSE TR KRAMKGLRES 25 % KA Bkt
b R BB e T R ko TR B — KR TH T o AKE R BREEM T A
o BAEMLERAARSA > SEBBLTMES  @MHME BN R AR - F
Wik AR A RAAKER 0 B Ak E i R BT oo 340 A3
S48 2 KA B R K B AR ) B 00 T K L4 48 AR AR B o IR SRR K Ak
A AR K 40 AR B R R0 -

PSR 8 AR B B KRB o TR R AR EREEFL D
WRE? o BRI EE KK AR L BRI BE— RO AR BE
M R T AER X EBE RS EE g AAXHELE

15



RRERBRHUBMBERLTE¥ L FAMESEERTTET - RALS
REAMERG B &  ARAZWRELELAWMNRZZA ) BERAE L HE B
BB IRMMERY - = MANRERERA KRB RBGHBREHE
M- B RHYTHFER wEBRTHER TR 4L L L EARGA
FoEBAGBE T AR S HEMTIRZT LR -

BHEEARRTFERSABRAREAR > REHE MR ER) » AREE
BEHEEHRCRGTH MR TR  FHARBRESLZRBHFFEL 4
ER-REFSEHER > ERELASHH —RE - RIVBF RAERLE LR
FRA XLERRRAM BRMNAREHARER -—TERGE X CFRERTHE
ROJEARBU L PEFARURITFHR ARV TSGR EZ— -
EMo RS ERALE 2 ¥ KA (Basic Concepts for structure —
based Management )

BAELRTEARTFRORHRGFLEBE SRS B REENE SN - 4
%, &5 Thomas Atzet (tatzet@fs.fedus) % 3%~ E:l!:.i(-‘?— HEARTHOBE - kK&
BLAG  XOEHARLHTE - SHRTAEGTRAXL - AL R&
FRAELHREERAARKEE  £ABLKFFEAK REAKRKST#
RERE AT ARLG AN TR ELXLEHBERER - KHBHROEEF L
3353'14!: (Soil charcoal ) ~ # % #} &4 %8 ( Tree rings of sprouts )~ & 2 ##t (Black
scarred trees ) ~ #f~ (Cores ) ~ 7% & &9 4135 (Stumps ) ~ k484 & #Fo 48 & (Stand
structure & Composition) & X 4k (Flames) % - #.1X Siskiyou & B R &%k 54
RAHRKERERBEHFESH RBBXTHAIH > TRRFABEY R
AbR A aReRBEE > HFARKBELORERED - BARBHL

I BRBRHMFPEMGEE (—5i) |

2. HHpoE LR PH

3. EAAFEFBERFC S BERFRARTHRLM  FRFY

Y. ¥/

4. BEABARFTH—Hy (BARKABKOTE)

5. R #MANY

6. BEBEEYE LM



1. ®kRe% MARFARERHIT

% Jim Laacke * #”Rational Approaches to Deriving Stand and Landscape
Structural Features” & Mike Schnee % 3% Planning Stand Activities From a
Landscape Structure Perspective: The Oregon State Department of Forestry
Northwest Forest Plan: Structure based management” » & % 3% 38 %8 3b X -} # &k &)
REBEHRRFTE  AHEWEEIRRLS  DERGAKREEERIVERLE
FHMDAFLEBEHEREL NS RTREL  ARNTEFA-FIRS
KA-ERARFTEORA-BTAREENITH 4 ERFBENREH
EBBERY

Ay MRS ERREREE =T RHF B A B R A EREL Sk
BEZHERM LBEHERESANE - QL FLOHNEAKEST
B SR B RA RS+ S AR AR B4 M B R 3 L Ak
MY RAEESHMGORE LB EH T CANRAELREEREE LY
4 Tillamook b & AR K A 1933 Fu 1951 FRBWRAMRAK » 2R B AE
HOBEHEE AACHA—FH &S - LETOLLSHBESHREZ NI
—BRBUARTSEH AR R 2 848 (Structure-Based Management ) » £ 4 £ 4
REOHE » o ddo T |
HAHE | (Stand Type 1) — 24 (Regeneration, REG) ( B 4R4 #4AM % 2
5-15%)

REREZRAEAHMYE G - EREMRAARE  BETRESERHR
MRS BXHY - A P/REL D HRE (44530E @H 20~80%)
BARRIF - HRBEEGE - FEMORT L RELRS B A& - R M
TERTAMEREEMBER B T wRM M KK - AR
KRBT XA R RI 5 R o KRB RF kB ARSI IR A 20 bt
EF#-E5HD R EFRR - RAIAPEARTHBGERRZHBEL -
MeHEE (MR -B#R - ERuM) RbF HF -  ATRMRAF AL
FHREREE R SBUFH RS HBEN > LMY - EARERLAM
BATHREREFSN -
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HRAIME 1— EH
o8& 2 (Stand Type 2) — # ey & — k@ (Closed Single Canopy, CSC) ( B
AL 8 3 % 2 10-20% )

W RBE — ##H#HK% (Stem Exclusion, SE)

HAABZEBHNE  BRAE—EZIR -RIOERRATRHEL 24T
REERE LEXDBAERERMEY  EERPELAAMARTERLLA
A AR — R RS > sk (sword fern) ~ Oregon grape - oxalis + &,
salal o SLSbPR 7T L35 4h 84k (sapling stands ) ~ kAR K LB R R A X ER
F LS IH %

% REGROGBARKLAERFHL  Kofokawt  ERHCSC-
EMAEB EAPERAMY A BEANCHELEFRABRFMHATH  HBBRE
RS - BB EANEIHDTESCARGFE BAZEHAN M
HEENERREFPDIRGMBLERA - EMFNBAMETHE  RTTRREH
RALRFof R RO FEHRYERLEBEGHUSACER LB A AL
R EA  RANBERTCELEHARANER B ZREHA TR
B RAPEREHXER -
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#HoR8E 3 (Stand Type3) — TR 4 (Understory, UDS) ( B #2456 %@ %
z 15-30%)

HWRERSHBERBCSCHARSIMBMGEANERANE LA LG R
i HEREEdG —Fald E-BROEIERBLEOEY  REY - AR
RASHAEBHRTG > R EZHRTR ERUA -

WHIBREV AR —Rbi - F—TR - TERTF—SHBRGER
FEREY TR H RS R o Jhal e e S A A B R HH
ARAS BRI LEREAEY ERNTABMEARRFALMLEANSH#
Mo EATRTROHRESS KKK -

TRENGEL KBRS ENHBRBRE  ARAGLEI RS RFN
MBEREY A REMBEAHBLEANTRE - £RBEE RAD 0K
ERERERHY B AYPEEEAERE OB ENEER - A UDS ko8
BEREREREDETRFRLSHM LI RARLT ) bk SRS
BRABSHHGHENEGTA R BN - HAEEEEFENBREA R - ik
Ao REREEE R & AT G 42 CSC #v UDS o7 B R 445 -
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RO E 3— FTAHELE
oW 4 (Stand Type4) — % &k (Layered, LYR) ( B R4S &M@ FZ
20-30% )

Hofkigf —T R4 B4 K (Understory Reinitiation )

LYR R A Wk E XM B RBRBTR Ay EELLHEB UDS 5%
FedRREREMGELE AHEBREV 25 - LEKTEZAMBARK
718 et R FHE AN 100 AR AMAER -

B LYR o RIR & EFo bl 48 - AR EREHORS - RF
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BYRELEED 30 RRE MR LR THAEABR - EAFELAHEHER
HESKY ARBORBRELGIA SR TR LRATRRM
— K H A -

Z#HRTEROFS) R R — /o8y LYR #h % » €848 5 Feh A H
KK HEHMES LYR RS LFCH S OFS 9 F KB - 12 dpar 2 o1t
HRGEEZARM Lo TR HAR - pileated F A bfe R A E LG4k
Moo LS RFERBE - LR ERRLFNFLH YA -

FTRHENGELRBRBELNMBPUBHRE » ARAD GRS ETH
WREAEY - ER  REMBERBLERANTR - LENERATREADE S
R EELHFROBER TREDGZEREPEAEDE LR S SRR &
FHmBBESHBE -

WG 4— S EH
AR 5 (Stand Type 5) —E#+h 544 (OId Forest Structure, OFS) ( B 42
15 48 36 % 2 20-30% )
HorHRiBR —TRMAABLE K (Understory Reinitiation )
¥ LYR RSB R B AT &MB N RBZ AN EH > Lok
BABAERRABEY OFS RS ERERFETER IV BRIHEATE B
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ARG RS E R S 0 OFS HF U Twfsit -

[ SERAAEZVASHMEEBLE D 32 Hot e ER  AHERR
#3454 &y Santiam State Ftk 0 B HH 3,000 HR g Y >
MEERAFAZED 24 3ot .

o BMAREV =25 BEH R ARBHESHE -

® HIR— BEAREZVEOR I A2REVBBAEARL 24 34 £
ARMNEVFHEAE 12 3o -

o BEA 600 £ 900 LA EREAR (B 182 ) L

_ YA 3,000 2] 4,500 i H EReGE R (BHK1-5 )
TREHE+ RifE 440 UDS fv LYR Fis%ik » OFS R&RZ LYR &84 £
i R & 6h A -

o S—ERKRT &%
LA M B R EEREE AR ER P RARKFE VRGO AL E
My — REREN (ABATRKLIARALETABF XL AR KK
Fol B EREGRT ) BIERAKRER (RUE#HR) HREARRKRER
FE B R AE R AR R BRARGRARE RATHEANE ROFREERE
BRTHRTEE RBBEHERET RELHORFARTEHER L BAR
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R HRFEMAREMEGBRLER -

WERARERBEIHRTEUNREATFLAEDBROARFLEHE
LB ETRH BLAREUAKFHEHR - ZAHFLEERF > L% 8 M Ak
BERBEAAKREREHRARNLBEN 2R EHERR—KERY
# 4 (Common School Fund) -

R GRS HNRES EARBTLEEARREITETERLBE T Fey8f
Bl EXUARsEHAREREE QA 505 80 FEp-T:E3 - b4t RYITER
EABEMARTFREZTESEAKRGER hﬁ&ﬁ#%mf"ﬁufiﬁﬁa‘éﬂ*
BREMARETRAY (LM AMRFER) FRBHOHLRLILE -

FEHRSTERRECR A BN RAGEINES BEARAGEEZRBALMEH
AEME Bt —E 2 BRI AEYBRER A ZRRLEREE ARG F
Mo ISR UF S LT -

ARFEAEPRBREANIT A YR LT T KB R M @ ¥t
¥ ' ODF ¢ .47 H Ao i 748 09 3130 45 R U5 2 B 30 R 3 B M AR 3o AR 5 51
¥ (Western State Forests Habitat Conservation Plan, HCP ) ¥ £ #5325 - HCP k4%
Mz 8785 £ (Endangered Species Act) R4 F ODF — #3880 » AW £ AT
RVERRCHHENERTREEFE - WHFTRBASZ X Has
HTEZHHRREEHEIRICHBENLE BAWREFROEE R LG
£

ME—ROX—BRER I LB E T ARRE—RERELRY
HBRARBREBRLEEHEE -
FM= D B FRHRAR 47 B K (Basic tree/Stand Behavior Pattern )

ERAEHRESHERFTRELGHE  RiofTEEURER S HHEHGT
# ik o Greg Riegel * 3" Eastside: Overstory — Understory Competition and
Management” » # % 69 £ & B #) ERGBAEROBEE | Gtk K5 %5
EHARTHEMOGEES o LR850 1985 £ I N A M R LB B
*#> (Pinus ponderosa) #h 4 » IR R BURABM S/ A A KBS
WY EFE AR AR e B AR - AR A B R AR T
AHE 2 EERRHAY P RYORS > AR LD F RGN0 BRRTHE
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BRAZELGHMNRLNGELABNRRRTHDEE IO ETERTF - F ALK
RO EATREARTHEAOHEF LBLEAREEEN -

Bill Emmingham Z 3%~ Westside: Recgnt Experience with Thinning and
Underplanting Coast Rangé and Willamette Valley Margin : Implications of stand
dynamic” » B 1992 £ 7 30 A MMM A T » BHERR LR
FTRELHBRAFRTHEORE -2 A BwFHE— Rk HERBAIEHA
HEE BaHK MHIERL Ao HRIHN - HIVER ARAK KT
BHAORFTE RTHHENHIPERL  RUABHEY  BRY HOKZE
BAE GH®) ERARKERA - EBEMHE (cownlift) 47481k » #1549
ASWERBET B ERN > BERERKRAYRE T EHAE (normal
thinning) » @ % EBH KR FE > KA RMBRERD » EEERFHARAF -

Kathy Maas % #” Riparian Restoration in the Oregon Coast Range:' Release
and underplanting planting options” * A RBEFR AKX BH T# (o FHRFKK)
Herhks o £ B ST EE S M ERRAE - SAT RSB BAD
HEMEAZEATHRAETHEZAF - LRBRIBIHEELHEHHH LR
AR ERBAGEME  LERBREL AR - REPER  BAFHA
BHEERRFE - BREARFERFTEFNATERRBEFNEL  EHY
FRMALBEERKENRA - RRBBARAEERLEEZRFRKESTHRNE - KA
BB REBEMAEE - BHSE R ELRBAERZ D RYD 50%h £L—
ERENTRELABE  £R&RWF-

Greg Filip * 3" Effects of Forest Disease and Associated Insect Pests on Forest
Structure” > 2 FRFB TR E NS FRARSM B H R FTIGMERAEMR
v (R ER - HAHE - FUBTELS - TRREKR - REX OB
EMEHETLHEMAELN - FRAFEL - RO OB MAFET - REHHEAR
BE-AERBRGHRTEE L HER-EFT-HR-UH TERERRETHRA
B0 A PR B |

Stephen Fitzggerald * 3%”Allocation of Growing Stock in Multi-Aged Stands:
Basic Concept” > h 3 By & FF R LN A KN EZUR DEHBREAH T
EBINBARUBHEAERPAES DR TR (EERHEL - Kivky) BB
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RAREY NERKE - EREAIHEREBAKERS > REARS > Bk
RAERBLHARE > AHARFAOBBER  AEBEERT )RR BT
BTAELBEGRIE 2R XBERBEY - F 5 RBFETERAD ERH
FERGERE FLAE DEARTEMEQER DRA —RGRBHRE(E
BAHEHER)  DRUAEFTREFA K HDAHNMAREE LR -
IMW S HEEHERNS

HEBAN TR EERIEQES A EFEB SN Cobray—R
HAn R EA TR A - 349584k (multiaged stands) BRRRBREEF > #4
SEME P ARTHRGAER 2 AGNES R RAELBEHEBRKATHA
A% A 5B (WwAEMEHMN) REHPERSAHAIEH  LLELER
PEY o E RIS AT A R AR SR AR o

FRt A el A S B A LR M B Rk 0 2 A S A
BEMEXRY ERHARALREEZNERPBRER > £ BLAHES
Lo ARMS RS R T E YR SR LB E ROHALL B
BRAEBEFAAYHESOHEIHZ— - —RURARE BOHIEENR
1& 0 & RAEA B R AR AN A K B EERTR K o HOF R B I&
HYBERTHBNEEANR SRETHERIEEHRALENRAE S
BE RENMELREACEMNIBRL  EARBOHAL Ko RPRE
Bl ke E RR RIS -

S BRI R R RE R 2R bk 0B R ~ shRFR 451
HHEFE R D AR FdRE o
g ¥ S ] |
(—) Metolius Black Butte Ranch
Highway 20 Vegetation Management Project
1. & &% & (Management Allocation ) : & & # - & #4 4 & 3. & Metolius Black

Butte #h 3 & & %8 -
2. B#% (Objectives) :

a. M4t T E N > 22 ponderrosapine £ 4 B2 AL PE A RFo

REGHRNER > BREMBHRIAMOLE
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b. BRI EHLGRHPEBRTEE LR K EHHEE -

3. #teg A (Treesize) :
BRARBAZ IS 8 Hedah st o 123 JE D IRAIRANAE A 8 Bhod g dt 0 A BB
BASHMOREAMRY » —REMAME 78 Hoteylisd  AIRYRKX
ERGHEAHK > 225 — BRI — B AHBA S 4 RKRAHE  B4EY
SLEUNEE 0 B BUNERRGER (Clump) HBLERBKE R — 358
LREGZ -

4. E# (Scenery): .
FEsb B (units) NAEHAR LSS UM REEZY  THaUT—%
B H AR AR — B A P4 E 20~30%4Y — 4R 4% (mosaic) /BEER
(clump) s~ S HBRFE - GRHRABIEN A HALKEARGH -
BARGHABPARKBROBME TELHAABEMLOBHESE  RESH
BRERTRBERERNERN Y -

5. MiFa&y3s ¥ ¥4t (Spacing Guidelines) :
a — At FIAS 37 St R B A A AR ) S04 B Tt 0 B
AR AR AW DA B REE L AME 8 KoM - H =
FTHRERGIG » MR AT LGN 8 vt Bt MR EE - F R4TA
KATFHHMER - —RABBAN S Rty E N RELRSET
El# Ao Mt o BRI RS R T4 R aohh 0 BRBEMTHE
EHROHERE AAMKZRAOR IR ERFOANLHEST R > A
AR R R R ol B HY o
b. #3E Highway 20 # 100 R (30 AR ) Z N ! ARERAKRERAS MR
R BEBRTHRY  EHRRAHEFER  FAFFELERRFRY
BB R4 Highway £3B &% 8 % H 8 i Highway K b £ R
C. B AE 8 Hed B 2] Red  FUARLRGBESNERMBeIE EH st
RIBIREIBE A B HTE R T ARSI EH S BN IMEERNGRY
Bioh o
d. BB AR 21 et P AR L 2B LEHR > £LE & western juniper -

6. #if€ & 47 (Species Preference ) : Jt& 3% 2 & Ponderosa pine = Western juniper
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—fE#17€ - A &k 1% 9 Ponderosa pine » % F Western juniper » {2 it JE sk
2B P 8 Heddd juniper> S E R B AR ZAT 0 LIRS 2 A3 0k juniper
%75 % Ponderosa pine &4 RAH » o RERAFRMAH > £FAURG -
7. #EER (Clumpyness) : BECRAB SRR EEGHREY > MRS A
AR A Fh RIS OIS 7 8 ot e IR Kt 8 oot et - MG Edo
T :
(1) READNER 2 #E#RK
Q) £E—ERAEERRANG A
(3) as Rty RAE K
(4) RAFRAUSFHFERL ST
(5 BREAFRALERLARERKX ;
(6) &4 B4 Ax* 8 Fvtey western juniper » H i ¥tk Ponderosa pine X ;
(7) Ba4& K# 8 vty Ponderosa pine #fif & FiL#H E B
(8) * &4 s & western juniper °
8. ¥ ~ £/R (Feathering) : s A% MEMI Y B AL e Hib > 2 HHK
B AR E MMM R RER  ERANAERREAHELAT
oo B BA gk 758 125 AR ERNRE -
9. #eyiHFeiE S (Tree Condition/Vigor) : G T RAEHE « &A%/ a9kt
10. # £4 (dead trees) : sk FH THEA KRR BB SR M -
11. 18 %} 3k £ &5 ¥ K(Individual Scattered Seedlings ): 7R &k F418 %) 4% 4 49 ponderosa
pine %A (MR IA 1 Hot)  EBHEAAAE LS S kit -
(=) Budworm Episode-East of the Cascade crest
ERRPVLTEEHREREAT MM -
( =) Lost Lake- West of the Cascade crest
REBHRGBE LA XEATOYE -
(m ) H.J. Andrews
TR FIRAE A S 3 M H Y R FE B M T -
REBERFAANASOBEAN T EAREREE LN SR  otT
ERMOHERAETARENAREE AHRELPERTEPBRAREMR 2
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BB oA LESHEYREE -
(&) eastside forests

EREBRELADMEHM AR -

A% B Tillamook & &4 F kB 4810 R 84 AR K K> ALk 50 £ &R — B

AR B4R AT AR A8 FER A B AR R R AE
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PR K 89384 » AT HRB M L 20 1% QG Z# RPN HRIbG AR - A
AR > AR AR R KSR AE - X B2 3
= ~ F o2 4 835 5F 4 £ @ (Silvicuture and Wildlife Field Tour)

£ 4 54 LR & H A F B (Oregon Department Fish & Wildlife) ~ K % 3 3% Fo 57
% 4 (Oregon State University ) - & F#kiFFo K4t/ 8 (Port Blakely Tree Farms;

Weyerhaeuser; Starker Forests, INC; Plum Creek Timber; Giustina Land & Timber
CO; Starker Forests, INC) £ 742 -

L4782 & OSU #j Rick Fletcher (rick.fletcher@orst.edu)if, B4 b = % & £ 84T
R BOSULE - RA THEATARESWAR - FTERRDY -

B3 RS mAoitin st (Oak) syidsbfo L& £ N F PR A HRGET H
T BB AR Kb BT LR R EF TP S8 LA 3 £ 4 Willamette .
Valley & €% /) iE 88% > 1€ ] 12% - pbib{R G ey #8814k 36 > & Willamette Valley
H—LEREARUERZFLHYORA L ORERRO_GHFALHHEY
BRER - AHSRELHE R GIF L §H 4 » 4o pileated woodpecker, western
bluebird, Oregon vesper sparrow, Lewis’ woodpecker, western gray squirrel, acorn
woodpecker, sharp tail snake, olive sided flycatcher, American peregrine falcon, white

tailed kite, grasshopper sparrow, western meadowlark, yellow breasted chat, and

common nightawk 3% MBI AR H CMLEFHARE

K& 98%y Ry b GBI ARMABE » BFf A b XGHE 1§ 90%
#) Willamette Valley 3o & & R %) B G814 > R PR A AHREXKOBA 8%m
FiAEH#H LFERARMOGOMRBRBRAEARERNEGEH  TALETIRRE
GBI LR AR & BRI R M A -

SLIRER L A — M B RER - ARG A SRR A LHOLERARSE
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HEELAFXBEALELERBRLEE AR EFHRFABANEALANEG
A TREAGHVEEHARERZFHRERIAR AAGEYPEAEL
et B AR b S SRR B AR B R B Mo TR S5 i K BayH 35 AR1R
A G MBRN ? FITHE R I A B EBILE ?

RosbHn BN RANFLAGHEY BT LB BE LR
Starker Forests» #£ 1963 & & OSU 2 3z Hoskins Levels-of-Growing -Stock( LOGS )
HERE > AR A& OSU ~ £ B #F (US Forest Service ) ~ Weyerhaeuser 4 3] -
Washington State DNR ~ fuv$ X #%# & ( Canadian Forest Service ) #u BC Ministry of
Forests £ R &#Fey—3 4 « WA A ECEARG BN - ERHEMR
Vancouver Island in British Columbia # 3 3£ {85 % 4 8 8 A 45 oA
# & 4 Kk#H (cumulative wood production ) ~ sk R A /Js (treesize) B4 Kfo 4k
& Rt (growth-growthing stock ratios) #4# & - LKA T FISK# F X

(regimes) &% R 3 — RS 694k 5 F E R B -

LOGS RITNMAEEEREGHRFEER —RBBHBEHE BHREE
HIKR B-EBRO02 %R AEF 27T HER MRS H LRI - £
RAEMREZA  H—BRREMER 162 (80 /@) £ & RFOBEH
4 A # (croptrees) - RENHMOHSFRAZRBE G —RBepidk £
B B7 &k o) PR3 89 K TR B0 o — Bt o

A RBREFMLAL » HABRELTKRERM B (interval) ~ #88 (kind) ~ &
5% (intensity) RBAANBAEEERZHMEEE - LERMHESE:

1. #4698 B A8 EHeg A-)s (Stand Development and Tree Size )

2. A&kfo4k Kk EMIM%A (Growth/growing stock relationship )

3. #iy R/ Foktk 4 & (Tree size and volume prodution )

4. % &8 4%t (Growth percent )

5. ﬁ#*%iﬁi/é#—iﬁi%ﬁ% (Net mean annual increment,
MAUV/periodic annual increment, PAI trends )

B4 1% + Steve Mealey /%34 » 385 " AH B M AMFF A HHEY MK
S Xz B1EM 4% - Oregon Wood and Wildlife : Partnership for A New Model of
Sustainability ;- R 3#% € 24 At & SERAAREHLBABEAEE  ah
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EAM EAF S BEAKTE (NWFP) - § -8R RE (RBAALRFLS
HHRFER) AEBA S R Rl (AMHE - RREH BRFEEL
BHFE BAXREATEAIMFBRTRG M EREEAN) FFRAFSE &
FRELHEFREREAR - ERTAARKETRGERAR) KL LAY
AR ERFEHRT ALFEARBEEARPTREHARK SR HARE
HRRAETERN RGBT RERE - EHPATANSHEG BRAR
B R FAFH RO TEERX 0 ARG T KR AMR e — XS > M M4E
XAEABBREEHR EEFEERRBT FERALE XA R R T
R ERB BN AA T L% B M HH3E47 4R > Oregon State Forest Practices Act
Implementation ;> M jwikMfofe F RO E R LXK 74 TAHHHGE s 8E
/K &3t % » The Oregon Plan for Salmon and Watershed 5 > 3§34t E 25 ~ 2o
HRERBEHTHFER AR AH HH G AN - FLHE PP BHLER
B—HMAAKKEX - RARE - SRR TE2E > TRIELAD AN A& &
FoREKEHEABRK MR- SFOBE ERY B R Ao
HABRHALE S@FRPLEOERBBE - SEHEARRRAZER " S4H
H § & # %My 0 Collaboration and Respect are Constructive | o & — 5 £ & & 7%
(vision) ~ 4£# (mission) ~ F347 & B| (operating principles) &% & » &M
HTREUTTRRAEMA
I &3 —RARBARE

LR RN R 2 T g

4 BRI .
SHAHRLLEE S (ESA) REFKER (CWA) BALEEH
PG TR ST ) L3R X

=T RATH BB #9090 B ok

ARREREIRHALHBHFER

TEARE BRI LARNRBHRERE
Bz kMARR]) PRGN EHEALR S FHOESFEBR @GSN
%:2) REFAHELZARRKOAKREE ALK & 3) HEAHRK > Hk—Hw
AFBA G TR - RARER ) AHE - FLEEDFRNEERHE £ FY

® N AW
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REXq - ERARMLEBIGE 2) RICHMA B GS4EHAREMER
BRESBHAEL A © 3) &4 (Synthesis) S48 4 (Polarization) ; 4) & 3h
BB RAEM RSB 8 (coalition) -

RENFRMAAFOATHE ERERNRTKBGIFLBHEYO%F RME -
Rrash S RBE AT R shih BB AR G LMD MARNRTHEOBE -
RESSRARLEHRBEDN RGN E RIS AL ROBE - AT P
MEREREZS D BHEMRGAREE - FEBSR— LS T
E RRMARPRYGYEEH -

. 0

RRERLAEHFNREGARAGARBYTRTR  RALERTFLHIRET -

T S -~

BARRARKRGER » LTRE S RAKEH M0 E B LM -
W~ RX SR FY D HEREEGIR

LFEAXM2002 FEGEERROALE - HAATEAOER  £ANE
ABA AR R AEREA XS (environmental hydrology ) FusK X #h32 %
(hydrogeology) ¥4 T/E42 8% > b RAH S URARLEFBRUOET » 48
ZRAZVAHEPRFLORMERTN - LRERAHEHOHEH RE SR -
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28 fokE  EAKRBREREA  HEBEENE - EANER - AKESRE -

AR BEREEMA T REH - KEREH  KEWHEE -

(=) FHwEm%sB8EREE (Columbia River Gorge National Scenic
Area)

FHREETTREERAZFR > BBENE RSB Z ML BTHRS B
REEWMEREITERT £ HBR - FRUEZTRALE M FAELFLARE
BHSERYBMREAKRTH  2R# 1270 %2 LHEZRNBERNEA &
BRNASE BRARNBERH AISREERFEARFREREAT AR
Bk 1986 4 FM/LETRSBRIEZAHABEZTRE °

LRGBS TINZM FHRLETE—FEYERZT  TERREE  LBA
ERELEHZH  TAEFSRAEBALLENEREELENKR - £FTT 0 R
ARBTERGAER BREFGERASTEEE HEENEEREL SONHEF
Hhse¥ERS > ARFENTAE "THZEE -

BH- SRz ABAGAY Y EMYRE—HETZIT - RR £
Hifedn ARBELELFHF ST~ BE T EXAREEEFTHOANEZ - B
BIRLETTEA A RBH KA » XAERZAB ANk RUA— -84
SBR i B R A B A R A AR AT R ST

MEIEOEDRR  —HBEOBARRETRTEAGME 22 &k
ERAWARK S BT B SHEYRZITHEMERRTHIE - HR
EHARRENFETRLETTRACRERE  TRTREAH £ —
EAAWSKEBEKRT  RE=ZSERETHWEARTFELEMRL -

BEFEROTFEARYERRI BAFEALNER ERXLABL
I ¥yt ABGRMELBRMILHS - FTARRBZA  SHY
HFRROCEREIHG - 2R REEFAREL ERAEFEGLERTH EL
BTEHARERE  AETHHEABRELRM YRS AN CHHRA -

NE H—BHRAASBNGECALEREAELRS  ER—UF X &
MREERE LK LERTEEFORT - RMALEHA TEFNEL R
Beah B TR/LRTHBK ZE2RERER - RE  ENIRTEHE
HOEE SIEARELNEAVE ) LRELABREFHEX L HH
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55 AR A 76T 8 KT -

EHFRALETERAS I ABA IR  BRA TRAN AT bR
HEFHFSHFNHTHE -

o A A re T TR AT e e SRS © M AR BB BUR R ILE B
M AR sk AT KRB RS - BT M AR REBARRSETAR

B R TRBRBISK ) B Xdke o

BR O BHBRATHSFEABR  ROEEHS TREBLE  FET R
STk o

ERL SHoBEEENREk BRARALFARNT HE-HARALH
RTEZHEHRAABTRLETRAER DAL EFRBRFEEIOA
AR EAAZEMAEARWAREE « REFLETAL AL XA
BBRTFH -

B FALDTHTREERETEEGFI KL TEMBEYN > #
RinEFEEN TTAEE  HERAERERGLE 285 F8 AT RGNS
4% LRTBRAFLBREFNASZA

BHOR EEEREAR?ZEBHLF R BAALENS RV KE
RERER, WBAZE BREHESERAL CEEFTRLETERY
AYHMRALERELNBREN - ART P AR BN RES 2 ARRES
AROTE ALKRT RRTREARME A BEGES  REREATHAN
T RELETFRLETHTERHTARED B RSB BHERTH
AR FIERAE » B T RBBIKN R & & 250 B8 8 B RFRAMNK
Wi R R - M LR K B T WA REN T R BEEBHE AT
WEHE| A MA ABHARE —BEL  FEAH B EEZLKENE
¥ BB E—BARNATER AV EREFINESTLERAKE
BEEATEEBAM -

(=) RE2R

AEMAEBRET  H—SKEAXEHBLYEGRE  LARERE
Fh Rl HARRAGARG KT A BRI EKERREEH T R
EERHRA - BRLIRHIELERLT

34



L RAEYH B e E S A% REKE AN R M4 A H A8
M -
2. REFAAARLIREBFHBRARKLEGBERCRES  LRIBEL
Kz % bl B RN AN TR R BARLEAKOERR
Ko Bk EAAKRROABREEREROBERHRIEZHEE -
3. ARBBREVEFERMNAR  BRE - ARRE - FEAER - TUEX
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Stream Water Chemistry of Guandaushi forest Ecosystem Impacted by the Powerful
1999 Chi-Chi Earthquake

Bor-Hung Sheu', Chiung-Pin Liu*

[Abstract]

A powerful 7.3 magnitude earthquake struck Taiwan on Septem‘ber 21, 1999.
The stream water chemistry (pH, total alkalinity, conductivity, sodium, potassium,
calcium, magnesium, ammonium, fluoride, chloride, sulfate, and nitrate,) has been
monitored since 1995 at Guandaushi forestry riparian zone in central Taiwan. Those
datas were used as a basis for comparison of pre- and post—earthquaice impacts. The
pH, conductivity and concentrations of Na, Ca, Mg, SO4, and HCO3 in
streamwater were lowest during the summer season, which streamwater discharge was
highest. On the other hand, the lowest concentrations of Cl, NH4, and NO; in
streamwater occurred in the winter season, when streamwater discharge was lowest.
As K and F, they showed very little seasonal fluctuation in concentration.
Downward trends in K and Ca were found 14 months earlier before the earthquake,

however, an upward trend occurred in NH,4 at the same time.
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Introduction

Research on stream water chemistry has given increased attention in recent years
to the analysis of watershed processes that define the overall supply and availability of
mineral elements to streams. However, stream water chemistry is altered along
various hydrologic pathways from uplands to streams is increasingly recognized as
critical to understanding stream biogeochemistry (Hill, 2000). Water chemistry in
natural systems is regulated by a complex suite of processes such as the geochemical
weathering reactions of minerals derived from bedrock. On the other hand, flow in
most streams is dominated by ground water inputs. Therefore, the baseline
chemistry and hydrology of streams is a function of processes that occurred as
precipitation percolated through soil horizons and moved along ground water flow
paths. Even during storms when stream discharge is greatly elevated, the majority of
water in stream channels is typically recently discharged ground water displaced from
soils and bedrock by incoming precipitation (Near et al., 1992; Ogunkoya and Jenkins,
1993; Buttle, 1994). _

Depending on catchments characteristic, precipitation takes different routes from
upland to stream ecosystems, and these different flow paths influence material fluxes
entering stream corridors (Fisher, et al., 1998). In forested with deep, well-drained
soils, precipitation percolates below rooting depth and does not again interact with
vegetation until reaching the riparian zone. When soils are shallow, vegetation
throughout the catchments may intercept ground water nutrients. A number of
studies have shown that riparian processes (Peterjohn and Correll, 1984; Lowrance,
1992; Hill, 1996). On the other hand, relationship between stream water nutrient and
natural disturbances (like typhoon and earthquake) most likely vary with scale and
depend upon surrounding soil, geology, vegetation, and climate. In contrast to the
large number of detailed studies on the rule of nutrient interception by riparian forests,
little attention has been given to the natural disturbance on the nutrient dynamics of
these forests at the large watershed area. While some studies have stressed the
important of landscape position (Brinson, 1993; Haycock, 1993; Chang, 2000), few
have included this variable in water quality studies.

In 1994, the National Science Council of Taiwan supported Guandaushi

Experimental Forest to begin long-term ecosystem researches with hydrology, climate,
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diverse vegetation and animal, nutrient cycling efc. A major research objective was
to provide a more comprehensive database against which the effects of global change
and other issues might be better quantified.

In 1999, a powerful 7.3 magnitude earthquake struck Taiwan. The earthquake
created permanent physiographic changes to over 11, 297 ha of forest watershed
(nearly 0.3% of the island’s land area) in central Taiwan. In this long-term research
site, much of this landscape was contorted and displaced by soil subsidence by soil
liquefaction and massive landslides. This paper will report the effects of Powerful

1999 Earthquake on stream water chemistry in this area.

Study area

This study was carried out in the Guandaushi Forest, central Taiwan (Fig. 1). The
site is located at a 47-ha watershed with elevations fanging from 1100 to 1700 m. The
mean annual temperature is about 25 {J and the annual rainfall is about 2700 mm
with distinct rainy and dry seasons. Typhoons occur occasionally between June and
September and bring a high intensity of precipitation and disturbance to the site. The
site is a typical subtropical mixed-hardwood forest in central Taiwan, which is
characterized by steep topographies, abundant riparian ferns, virgin hardwood forests,
and abundant epiphytes. The forests on the ridges have been cut and planted with
China-fir. The hardwood forests are the typical Lauro-Fagaceae association of
Taiwan. Lauracea (15 species) and Fagaceae (14 species) are the major families in this
study area and they occupy 4.60% and 4.29% of the total forest composition, ‘
respectively (Lu and Ou, 1996).
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Fig.1 Study site, located at the Guandaushi Forest, a long-term ecological

research (LTER) experimental area, in centra]l Taiwan.

At midnight of September 21, 1999, a powerful 7.3 magnitude earthquake struck
this area. The earthquake created permanent physiographic changes to over
11,297 ha of forest watersheds (nearly 0.31 % the Taiwan island’s land area) in
central Taiwan. Much of this landscape was contorted and displaces by soil
subsidence caused by soil liquefaction and massive landslides. Torrential rains
that are common to this area triggered mudslides and boulder-dominated debris

flows that are still actively reshaping the geomorphology of many river systems.

Sample Collection and Chemical Analyses

The stream sampling was designed to represent average annual concentrations of
dissolved constitutes in base flow. Stream water samples were grab-sampled from
one routinely monitored point. ~As a rule, sampling was performed on a day without
rainfall and under predominantly base flow conditions. In this paper, the sampling
period was from January 1995 to December 2000. However, we did not collect
water samples for 5 months after 1999 earthquake because of no water in the stream
during the period. Samples were taken in polyethylene bottles that were cleaned

with chromic acid cleaning solution, rinsed with distilled water, and then rinsed in the
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stream several times.

The pH and conductivity of samples were determined on unfiltered samples
within a few days after ?rﬁval at the laboratory. pH was determinated by a glass
electrode (Metrohm 691, Swiss).  Electrical conductivity was determinated by a
conductivity meter (WTW LF 340, Germany). Solute concentrations were measured
after water samples were passed through 0.450m pore size Millipore filters.
Concentrations of Na, K, Ca, Mg, NH4, F, Cl, NOs, and SO, were determined by ion
chromatography (DX-100, USA) . Alkalinity (HCO;) was measured by titration
with 0.005 N H,SO, solution to pH 4.52 (APHA, 1995). Total nitrogen was
determined by Kjeldahl method.

Results and Discussion -

Fig. 2. were the trends in precipitation, discharge and air temperature ~ as time
series from 1995 to 1999 in the long-term study site. The period precipitation was
lowest in winter and highest in summer. Monthly discharge pattern also followed
precipitation.  As to air temperature, July was significantly warmest and December
and February were coolest. There were no special climate changes before September

21, 1999, which happened a powerful 7.3 magnitude earthquake.
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Fig. 2. Monthly variation in precipitation, stream discharge and air temperature
for the LTER site.

The period of record used for the analysis of temporal trends was water years
1995 though 2000. The analysis does not include data from October 1999 to April
2000 because there was no water in the stream after September 1999 earthquake for

the period. The measurements of chemistry variables from different sampling dates
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were averaged for months. The dynamics of month trends of precipitation and
chemistry variables were presented in Fig. 3.

The pH, conductivity and concentrations of Na, Ca, Mg, SO4, and HCO3 in
streamwater were lowest during the summer season, which streamwater discharge was
highest. The regular seasonal pattern in streamflow, despite the fairly even
distribution of rainfall, with even more rain in summer (from May to August) pointed
to the strong control of discharge on the ion concentrations. Changes in streamwater
chemistry at high discharge were explained by dilution of water derived from
groundwater sources or the B/C horizon, either with laterally flowing water from the
upper soil horizons, or with precipitation. Billett and Cresser (1996) reported that
changes in the relative proportions of Na:Ca:Mg in streamwater during storms
suggested that precipitation chemistry may play a greater role than hitherto suggested
in modifying solute chemistry during periods of high flow.  Much of this temporal
variation in streamwater chemistry is attributed to seasonal variation in residence
times of soil water (Phillips and Stewart, 1990).

The lowest concentrations of Cl, NH,, and NO;  in streamwater occurred in the
winter season, when streamwater discharge was lowest. The fluctuation in
streamwater chemistry is related to precipitation fluctuation and probably the main
reason for those patterns is the importance and characteristics of dry season in the area.
As K, it showed very little seasonal fluctuation in concentration.

In general, the measured streamwater concentrations of most dissolved

substances
vary within a narrow range (less than a factor of two), even though discharge of water
may fluctuate over four orders of magnitude during an annual cycle (Fisher and
Likens, 1973; Johnson et al., 1969; Likens et al., 1967). This is particularly true for
Mg, SOq, Cl, and Ca concentrations. Na concentration may be diluted up to three
fold during periods of high streamflow.

The chemistry of forested watershed stream water is affected by biogeochemical
processes and factors in forested watersheds. Various papers have studied water
chemistry in stream waters (e.g. Foster et al., 1989; Rice and Bricker, 1995; Billett
and Cresser, 1996; Hornbeck et al., 1997; Ohrui and Mitchell; 1998; Nakagawa and
Iwatsubo, 2000). Rice and Bricker (1995) observed that there are strong seasonal
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cycles in the streamwater chemistry of the two catchments on the Catoctin Formation
resulted from seasonal hydrological processes superimposed on geologically
controlled groundwater compositions.  In the si:reams where concentrations of SO,
and divalént cations were low, alkalinity was closely related to Na reflecting
production by weathering (Nakagawa and Iwatsubo, 2000). Ohrui and Mitchell
(1998) suggested that temporal variations of solute concentrations in twenty-five
stream waters within a small region in Japan were related to stream discharge rates:
during high flow, Ca and NO3 concentrations increased, while Na, HCO3, and SiO2
concentrations decreased.

As to the effect of earthquake on streamwater chemistry, downward trends in K
and Ca were found 14 months earlier before the earthquake; however, an upward
trend occurred in NHj at the same time. Trends in concentration data can be caused
by data collection and analysis techniques as well as by environmental factors, which
are hydrologic and flow paths and geomorphology.

Large increase of NH, was not associated with decreases in NOjs in the stream,
indicating no reduced nitrification. = Ammonia is a nitrogen-containing substance,
which may indicate, recently decomposed plant or animal material, which breakdown
of organic matter into small parts. Ammonia can also bind to cation exchange sites
on streambed sediment (Triska et al., 1990). Adsorbed (exchangeable) ammonia is
important as a source of ammonia to the overlying water and as a sink for ammonia
produced from DON mineralization (Acosta-Nassar et al., 1994). In some riparian
zones, stream cation dynamics may be influenced by the mixing of event water and
ground water, as well as by intéractions with riparian substrates during storms.
Increased stream flow during summer and autumn storms in Glen Major swamp was
associated with declines in Ca, Mg, and Na concentrations, whereas K concentration
often remained constant or increased (Hi11,1993b). On the other hand, ground water
influences stream functioning by affecting water temperature, which in turn influences
rates of many processes (Ward and Stanford, 1982; White et al., 1987). In these
monitoring datas indicated that the ground femperature increased before earthquake
resulting in increasing mineralization and declining ammonium adsorption, therefore,
the concentration of NH,4 became very high but cation, except Na and Mg, declined

rapidly to very low levels.
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Fig. 3. Average monthly stream pH and nutrient concentration

Fig. 3. Average monthly stream nutrient concentration (continued)
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Forest soils contain large organic C and N pools.  Small Changes in éoil
temperature or moisture can significantly alter C and N mineralization rates (Binkley
et al., 1994; Stottlemyer et al., 1998), above- and below-ground C:N ratios, and the
ecosystem’s status as a C source or sink (Illeris and Jonasson, 1999). In some
ecosystems, seasonal variation in forest floor N cycling, in response to soil
temperature and moisture, appears related to stream water inorganic N discharge
(Stottlemyer and Toczydlowski, 1999). Other recent research suggested the soils
component might be most important in determining how an ecosystem responds to
global change (Zak et al., 1994; Kendall et al., 1995). Even in simple but highly
stressed environments as alpine talus, small amounts of soil can dominate ecosystem
nutrient budgets (Campbell et al., 1995). Ecosystem potentially may be sensitive
NH,, which can alter biomass and biodiversity (Tilman et al., 1997).

Helsel (1993) states “trend is not a static phenomenon.” As the period of record
used in the analysis changes, the result of the trend can change. Continued
investigations of nutrient concentrations in this area will assist in determining the

importance of natural portent on forecasting earthquake.
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