B 1R EYRESREERTRINA

7.1 AAEVITR B U R S A SR ANk

WAYA AT AR ST AR 2 H B v KL 2 AR SR AR A R, s HE AL
FIRREE AR A (Birks et al., 1985; Smol et al., 2001). {E N HIESEF R E BN, HAES
HF 58 1 32 B0 ORI DU AE A, WREY . AR VRIS RN s, X e
WALA DAL HE DL AR AR b i LT T BER . SCOR S AR A Se R R B 2y, AT AR
JURRPH (Smol et al., 2000). Hitt, AVdRFrE N ASHE RN EE TR, 2t 7
FRKIB L, MGG S TG OB A S M Rt S I . SUiRWImyaE. e bs
FAeh, WA EDA A o RANER IR R FERR (Smol, 2002). HiE A k. BEAAEY AR
s RIS MR RILARSE, AT DR R E S SOW AR L SR E ORI . S
IR BRI s, SR, KAEREY). BRERERESEa, @y E R 2 A
PR AW TR 22 A0, Refd WO S HRE0E AT R WA X —/ MR E -
B g, HASHER AN SZ X8 H SR w5z, 10 52 N\ RGN 20, itk
PRAFAEDTRR R AR S0 T A% NRIES 8 KSR EAE A G S, HEE
PEIZ T R 8 2 10 BV SR BB R, R 2 AR AT AT R s A

FIHUR DA TR S ST FRRBET T 4 MFEERENE: 019 e, F#
FERTR IR UTAAYD R I fky T PR EE AT A JE AP 2 RN & e eI (Faegri et al., 1975;
Battarbee et al., 2001), SIS A T B P B Be L — 3 (Birks et al., 1985). fEA1L
B FT T S TN, (EL A 3 A 5 = R H R T R e R Pk RN e T

(Birks, 2002). @20 22, AAITFHEREMA (k) #HAT T IH ST ATE 4 b
M RHIA (Birks et al., 1985), RN IR AEMNA CUIEEED T /KTE Y
fhf)7RiE: (Battarbee et al., 2001). @20 {hzdr i, & AEYfatbatl T A AR SR+, Ik
ZH TR RS ER . @il 30 45k, AR RIE 1R Wk
R, SMAEYACAMRE . B, SEEERR = RNT B ER Hi& sz, e
DI IR IR AR e BRI & AN BB 7 A A 6 R T B N, ARk
BRI T SRR A NRIES) . WA AN S E IR S ARSI AR A A R L
HIWEFL A (Stoermer et al., 1999; Battarbee et al., 2001; Smol et al., 2001).

FE— 38 B X BT N, BN A VD REVE A @ P s e i AR B 225K (Birks et al., 1985;
ter Braak et al., 1989; Birks, 1998), W] LAF|FH/MAA A FFAEA AV A H G REAT AR T
fifRe, ETAE S AN IR SRR ARSI R B A TR IR S AR E B T,
G — A EER)Z ARG, RITE R, DI R B R Sl 2 —FF; AR
AR A 25 5 AR D SEORH S Kt B S R FE 22 i (Birks et al., 1980). #tf)iil, 5
i AR A 0 = B R0 23 A B3 55 TR o DAAE S 42 1) oty AR 3 B DL A A A R R TR 7 o
F VUL 5 NFIEBN BB TR R I — BTN B, 1 B A 5 I AR TS A SRR
PP SIARESTFRM, HASE S LI A iR, DAY ST
TR AL IR B 2 (B 06 2R o AHE 2 AR S RGE R TRVE ELEOWIN B, I AEMFRAREE 7 1 iE
HEE, BeE AR AR AR, DRAFAEDTRRY TR B AR A A 5 IS B A S IR B A —
EZESR, RIS, A I B E RS E NG, XE TR, 2
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WFFE— & N ) R AR 2SS A8 4L . Birks et al. (1980) FE4HIIAR T A AL
BEMKR.

SRR, WA ARSI, A0 SR (Rl 1) SR BT 7T H AR B
FLX AT B, B A @ T 0 s, BRI R BRI R R AR B . I 1 B 3
FEHAET A X N2 5 BAARRYE . BIATTR AL DU 2 BA F 5 WA AE
SRS LRI S B N 75 ZARYE VRN 1B AR A Aok e, Blln, 3@ A R KR
T, ATLLT MRS, i H KA S A R AR IR, AT RL TR AE A K R B
IR BERGL s @ik R 5IWr A FLU TR B SBAR IR0 0 AT AT EL A, AT ASRAS ANy ot
R 53 A0 AN YUR U 28 20 A0 HRARE pi s R 230 T ASGHE AT W T O 2 7 R A 55 A, mT BAXT
BATTRRELEE . R BAAAEDTRI AN E RIS i . I8N, ek
IR AE A A& e BT, (X — NS, AR 2 8L 73 A A A AT
RESRAS B AT 0 AR S AR AR AL 45 B (Smol, 2002). S FIRKII R, AL A kB
WG GESER AT, DAR S SR A P AN B2 S R AR T A RSl PR AKIATE, A s
FL R PR FEAE LR I Y Ao, R n] Rtk G AR D KR AN AR B0 DTAR - 7K ST T
Pt (Smol, 2002) . HEFKF—LeeE FIAEVTRAR I AT (WY FRISREE), IRy
K X TR RE DS IR L 58 2 /K A S AR %15 B (Birks, 2002),

EFXIANFIRE FEI B, A & AR A&, o] USRI R IUTARA O N T MZ MRS FLH
Bhite A 3E AR A 2 FLBEAT VRGN 7T, Db 050t 2 MRS FLEHT AN R E AL b Bk A 2R
YIFES T4 (Birks et al., 1980). H &M ANH T IZREVEDA AL, BT RIFR
TSI = M R AR AR (Berglund, 1986). LA FEMEAL TG, HRIEAFAEMA K74
BUR, HIREU A A B BB B LR E T, BRSO AR, TR R T e
Giit. YA I %5 AR IR AU 20 Kbt . RRER R E A (R B b A, B St 2%
BRI AT 120 EE AR BB . 9 AR py AO 8 R 30— FAE 300~500 Ki /2 A7 e i
NTAET 4T, UL ERRE S EMNATE I — T T iR 20T X
I3 HTEE (Hill et al., 1980; ter Braak, 1987; ter Braak et al., 1988) 7] LA T4l B A= M40 &5 i &)
gy BEAN, A BE AR B AN TR [RIHESE, DR RS A6 110 AR 52 AR 9 fr 2 S J i

A BRI R — N AR R, — BT LR AN TR . O W X AR AE
fH AR YRR ? QBT RS B AP A % ? I 25 o0 A anfe] 2 @ AW I B 22 30
FE U AR 2 KR IEA AT BRI 4T, 1 Je iU B HEAT e MR s RIE, ARETTR R
HHALE I AEY @ Rl R L B R FE ARk B EA L. H AR . ARG IR IX L
SH I T A AR S B A MR R AR, HES AR AR PR AL

A T 7 AR 25 5y PR BRI 70 1 S B R A B DL I 7.

7.1 DA T M AR FE R R AP IR

ARAESHE, O MAESHRVEESREENS, S ASUHEAA EEE . 4
an, GBI RAEIATER A, BT OL T EEARTER B SRS R . 1O AR YELL K AEH
FIBUA . . UTREFIRTE RIS (Birks et al., 1985); it — g X IR Z AMRE SR A,
A DRI AN A AR B 264 N AE R 0 A . AR SRR 72 M )¢ & (ter Braak, 1987);
IS AR AR R, W RL T AR AR S O R L AR
FAE Y R AL REAE 59901 A 358 10 2271 228 A RO 7K 2215 40 2 S5 5 A A A A R AR A o B 1) 5 T
(Bradbury, 1988; Hausmann et al., 2007). X% TAE, W A2 PR AR B i 4 T HR 41
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e B M E MRS AR -

IR A A A B AR SR PR P DOl Ik DU R =g sk seil: O -4 4k
P (P EI T o 2R R I AE AN AR 53 00 RN B I () T A8 4k o B Ge it 23 b F B 28
bS] F T3 Bl A A A I AAR A, TG A LR R s L T,
AT AR . @A HHE SR i ik . BRI A L HE T 2 B, 03 mlisr
BT (PCA) FIFE4EXT N 4T (DCA) Z5F-BL (ter Braak etal., 1998), JEILAf i A& FifE AL bR
i EHEFE DL, KR EA ARG R, TRIGEM AV AR TSRS, SR IAET AR 1k
R @ 2R R HITT V. A8 ARV W RN, 8 BRI R R 2= 3R bR 1 45 6 AT
A DASRAF AR S PR AR, B KO0, IR BRI DR A RE TS
WAL, ZARARIER G /BT v LIRS 23 AR MR IR LB AR B S o i, X
AR SRS, T DU TR S HOR S A2, RIS A= 904 A0 B0 A s e =<0 A
WA B, i 2 A ) E AR T B, W BT R AT (CCAY FITLAR 5
1 (RDA), #ATPIHSECAIRIR R, RIS A R AR A A A= 25 A A0 1 7T e L A
FIFLH] (ter Braak, 1987).

FIF IR A A B 1 L ROk A T R IAEE AR (b, IRk O e B RR R,
un#E R B (ter Braak et al., 1989) . Z /7 iR AW @ Fh 5 3885 Rl 7 2 18] 1) 5% R ANBE RS
(BT AR 4, ] LUK BRAR A5 PR 55 (R 7 10 R 5000 R 8 FH BIA AR 8dE AT R EE ) e
EEAE. AT, WAEY S EEEEEE O SRR 2 X @, BB mBuEty 2 M
RBIZAED IR S EH . NEAEYIRPR LB R, AR E RN EE
AR A A AR IR FR A T 25 o B 5 NIF T DXEH e AN oK, — e B K X Sl
b DX B B P L0 ST B IEAE S R, ISR T — T (s A5 450 R K ek S L — 25
¥R, EEREEARNEE: R A IR R B A . AR X R4
A=W 22 BEPERIF 7R X 380t H 25 5 T

T 20 43K, WIVAVTRIT SIS T O IR R, 2 FE A AR YR AR Bl A TR AR
ESIREZ S AT s N R s s/ T R ¥ SR B /K DS W N L B S Rt < N N P SR
ViR, IR AR SEEG A b EREE R FH IR R 72 AR A7 AE 1) RS 5 THEA T 1E 48
AR, Hr 727958 7.4 R ERANAR . RIE. SN FINEE; 7.5 AR 7.9 TWHE A
I E— S LR AE A TR bR, BFEERA . AKAEEDA . FRERR A
7.10 TR EAAIH A TSR TR

7.2

7.2.1 #ER
7.2.1.1 Ay PR £

fkrs: (Palynology) WU T AITER IR, & H ATEE UL T i —MME S
v it S R e S D L a5 A B i s o B8 v VR L p 2 e A WS E I A
R SAAA RIS, AT ORI U T AEm RS . a5 AR e
CASLEAE 2 T A f B A FOR B, W TU b SR AR JE 5 - A Bk ik 0K 20T 2
b 2 e LIS FC AR 23, W IT A R 2 B R CH 3t = A P ki 3 = %
EEO . ATAEY S CRIFTE DXCSAE A 5 22 o 5 3 s IR 7 X L i s ORI S
Vi 90 AR HEWT I ) A ERSE ORI AU B TORL AN B SR B 2R PR oG R, 2 — BT
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EFETH D7 S R SRR AN 2 ) o AT T BRI R AT IR U CRR A ST R R o
7.2.1.2 Jamy ey K4F4E

k2 AT AAER KIGRR, AR Y ETE S B N — D . BT, AR
FHA A T WE R AT Loy AW RS, BRI AN R TR . R 4R P ARk T
FAAEY), Q. EEEYARSHEY); MY AR AR Y, e e R
WE. BTATER B A NBEFSMEE =S MR, AL IR BT BE . flky 2 B
DAME 2 R, BT DU JUAS EBARHE

(1) HEPREr= AR R BAERY, BN TR L EAR R o 8 R A Sk 7Rk o
St —ZE KPR 7 (Corylus avellana) ¢, H 348 F 2,550,000 Kifedy (Pohl, 1937), wJLIAH
R EIER = B K. Faflivh, SRREEAMEY) TR A E0A TR .

@), 5T Ak B — T 10~150um 2 8] (Bradley, 1999), H
THERE, S AEoKks BIRGEr 7, KIS RGN, A E AR R &
fE—il, (FAOREEGRALEERHE, Xt Zx it 7 %A

(3) fluknkEZ) TIRAE. fRIMAME S AR R (CogH2020), X —MERIIAHAE
Yy, BARAESEAL . A2 S IR AR R LR TR IR e o Rk Py sh R 5, B G IR A (R
b NEH Y (JEART NBE) BRAER, (HILAMEENIRE CRAF TR, TRt A ALk .

(4) ASTR] 6 RO A AT R 78 1) AMEE 25 K MU A B AR R, Rt e BL2S 5 BATT Y
B &, ERMIOKE.

(5) R AEY = R R AR T B0 Ry, DR AR B A U ) SR B AT TR B A ) 2R
FBORDL, A T £ ER T 5215 B,

7.2.2 ¥R TS

T 0 BTt 7T R 2 AR 2D BR 45 B SN AE o A R A RS ol SRR DAL S8 =5 A AR A it 2
HraCEE. fokr s AL JRA S B EWRETHE (R RRETIREED . Aok B ]
Tk Bt S5 U5 T o AR MEERS b, SBR[ AU AL SRR AT, SR AR A e A R
ML ELE B

7.2.2.1 BB REAE S

FOBAE RS SR B G NN TR R, [FIARSE DR M S R R T8 A A
Hf & &, DA RERIFE M & IR L0 TE i, RAE D A0 i FE X 5 THI TR 4%
750 24 bt SRR 4 o A 0, SR AE I B ORE DT (BRARIXCON 10 m?, B 5 BE BN 1
m®) A, TR AR OIS 1 REE R IR A E i, B HE BRI R
RERBEAT M. B EERRIRMIAE RS, IR &R & BT R M 7t .

XTEARHR A i, S5 25 R SRRV (S BRI AR R 9:1 [)VR A VR FAK IS ) I Ak 2%
(N 10%) KOH #IKIR)o SHGAFAE S, T2 R 171 32 B SRR (HF) V2 A0 B B2
CUPRAS B b sy B VA A 1) P P o e b SR RVE SR B TAR M A0k () T v A8 3R an F (&
7.2):

(L) WRE: WRKIEAMEJOE e E &, WATTRRITER:— M 2~5g B n], Wb
H RS — AR TR 2 5~209.

(2) hdB7RYELERs: FERERONEERHEM R, I GE BRI AR R

(3) IKRERFR LFRRkER S, BEERRMTEAENIE, KEZEH M.
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(4) INEGRER: 758 R IIN 40% 1R UL AR 220 i O RERR 2 (U A 1R
SR, —EEER LA,

(5) A 10%~15%[) 4 HCI FE I =i ARiE, AR E K2 .

(6) FERE I 9 A BAERET LU 1 iR BRI MR A1, /KB 5 /Bl E bR A1k B R A
i, FREVEE .

(7) 1ff: RS, B PRSI 10pm FLARRIE R, USCH R AR
TR AW o

(8) TRAFHI T AR IORE S B O B4R b, InH MRS, FEHA

K 7.2 SORIRIG SR 1R K

FRBSA SO (2D R 7R AR (10%) AbFRJE, A 10%~ 15%FH S B LA
BEFEIEEDL 20 70 8hs AKVEEALLE 2.1 A4 WM ERE OIEATHIRITE: OIS0 N
(BT, SRJG TR ARG EE, SRIGHORIRAEYD: 5 /b vE H i ARAE R Fr o ARSI
MR 7.3,

B 7.3 BRTIE SR I AR AR IR

7.2.2.2 a2 BHIELE

TN %5 e R AR AT I SE A TR, R AN 2R I VR — N . Bl s Lo
R T VF 2 TR LA F0 10 6 3 AR ST, B E AN 2 5K 3 B Ot AR IR B F A T S A
FORAR Cnd ERF A B AL TR AR 7T BT AR TS = AR AL, 1976; Hf ERLE BRI 7T
WY EAN A, 1982; LS, 1994; TARMESE, 1995) TR Y. kS e s
THERME N ek, —MAREEREBIKT, FeaseEzsrt, RN rHMnaiae
% % 58 BIFP K

HORy Gt EA B — B, WAy R IR & 2/ Gt 300 RL LA b o ARy HH i
Hor e BANKEE RN, 246 VEAI & ERIERT, 6] DL SRR E . ka2t
FRAAE SO E SR AR HE, HESBER . I OREA R LR T
BB BT AR (S BT R AR B . J8 | 4 b &aT
T R B REYAE 24P A AR A P AR R B R . N SR, O A A B A S T
TEREYE B E 2 b, RONTER 7= By ARRRE ST DIRAIARES . (RAFRFIE LSS 2 IR A fhy
M E o & B 5. (H T8 E ot B RO R T goit & i E MR R ggm, i H
T8, SEA TR AT N B . F i 708 2 R IA T R HitFE AR
R

Horp Pij RoEdh | AR AR 0 T 280 Nij SR | SRR § AR SR, n ek )R
¥
TR R P A& A5 1 A AR AR B BT B R AR v P 35 PR SRy BT A SR R Ay )
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# (P grains/om® B grains/g). ORI (S BER AN INAORE, HAFE AR .

A C o AT AN B A7 FEBFE R T A RIS (grains/iom® B grains/g), A AN%ESEiT
FWARYRIE, E RRGIH AN RIE, FASMINERRI L, V AR AR (cm®) ek &
(9)-

TR B SZ DU DU R AR AR R, 76 R A, DURLECR 36 K& 5] ik
TR E HI A% o ik, AT DU I T AR ORI B SR AR X A 1) 8 o RO e B 3R B
o7 Bt 1) 76 B T AR _E ORI ok ki B (P07 grains/em®eyr).

7.2.2.3 JadiE 5%

R P 1 BT S AS A AR il o 25 e A8 T R ) L A8 A AN ZEL 5 RPAL o 38 25 R o 14
A R B Aok RIA . O RS E L IREEAE B R 2R B, — R
PERRBRIN TR R BiAERA JRAEREA BRIREES, AR5 La il T2 2 AR e Al A oK
(B 7.4). fky BRI 22— B % 141 B % Tilia Graph (Grimm, 1990)2xl. Jufii 43
MIRERESE T (8, T EAE A EE R 0 s AN B, B A SRR HE, (i g
T IR S AT ST S, O R B S e L o SR AL AL R B B

K 7.4 B e et n A e

by s Rl o BRI BLE I 2256 4R, SOnT DUAE B BB 04 T B 228 FR %A 3
TR AR 2165 v 2 B (0 A R AR LA YA AR 2 48 T SR A SR 1 A2 AL RFALE
Kty I R AR AR A4 o I EEA R RIS R Tk
R FIBUETTVE R EAA TR Bt XL Hras:, e AT AR AR it 2 TR FR AR AL
Pl AR AT AT, SRR EEAT RS, BT, & Rk Tilia Graph #ff
it CONISS #2fr (B 7.4). IMAESERRRIES, —BCRHBED 52 m RIS
WIS VERAT AR AL G R 0

7.2.3 HO T RE
7.2.3.1 Fak a8l 5 kR

AR U (AR T 2 T R R P R O SRR DR AR . IE RS R AN CRAFIR L
JH SRR IR R A, X AR v AR 2SR oy P05 B A 1) Al A [RIAEL A ) K 7= 2 22 AR K,
i H T g, AR, KNG EBEANFE, HEBAT SRR . —BRE,
BASEEM IO G R RIIE R RuE . g, W REMNEER, FERIMEHRIZT,
7£ 600~1000 m LASMERRER IS (Tpuuyk et al., 1948; Birks et al., 1980). 25 %% (1998)
S EL AR IR EAEM T S 1 FEA AR 1 km DLANLIR B RGE AR E 10%LLF; 1 3 km
DAAMK A AL 1%; HEEJEIX 50 km B, A 06 n &R B A AZ TR o A fEd £
BEREIEAEARARA, A0 XAMUAN I . BEARFBR ALY — e Ae iR EE B A . BRIk, it %y
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ANFIRE IR = B AU IR AR 1 TR, W LS BIERATT T RS R R A A8 6 R R e o F R %o
HEME,

o FOA (R A4 7 QAR 42 DA B AR Kl B 28 BITA VT R s AR 6 FE 1 T AR, Ry
SKUSIOCEE . WA AR AL R 52 2 Fh R 252, Qi) 220 o) BB ARpR 7 5 2 I FLs A R
FE ARSI OBR. K/ BEARHLIIEE B A% E B b AR . )ad . K
it A S S AR IR 255 o AR B SR B, K 2 B0 R AL R Ik A4 P PR B — A
it 0.5 km, KT E R RURL LG /N T 2 ) R BE 5 30 % (Dyakowska, 1936). i4n, 7K X FE
HAALE R R E, PR At g S It e, RIE, AR R K s YR A S Ak A AE8 (1)
IR T AR EA TR A K AR IE A S BT . — AN ARt 7 6 2R AR s 1 s /Nl
FLAty 32 BRI T W A [, RBUR R 1 7 YERE RS B T — N KRBE, 16k R
TEORIIIX S, A 2H A nT DU e X Sha A A (5 I, . WF AR B, i L XS R A 5 S
i, — M BEAR R BRI IEAT 23 BT B0 B, PRA IR S8 v w1 Rk AR 3R ) 2 X 3
RO RIS B, AT 22 152 SR R P I IRAE R (1521 - (Prentice, 1985)

7.2.3.2 ek 5. AEXAE

WEFEEARADR TN 1 B R R SR AR S IR R, NIEHMRAL AN E
TORERE PR AR, FRERIEA B, ARAEIAEY SRR R, P EE AR PR
TR T LA N 2 A A AR AU, DR, SR BRARHR WY (R Ak 4 S AR AL A i)
WA AR 20, TSI RAELA A SBAR  E 5 IAE I A Hb DX R A AN A AH AL o 2R
TEIARTERD B HR A B8 R -5 A0 Fb 2 A ARSI Aok 2H &, TR A 224 e PR o v A Mk
EIAREA FUE (Ritchie, 19760 1X vk k2 EAEIEM I A HRER B 2 S
W b S A AR A & o L HAEsR, EBs EORE ARk I AR K2 Hl ek 1
WA AT EIRE, IR R SR AT T T, S T EN R, X
WS EACTT . Hs . R RS o R Oy AR E ) E AR ALX (Sunetal,
2003; VFHEIFSE, 2007; AESE, 2007; THESE, 2002; X|2xF-4%, 2001; Shenetal., 2006;
Lu et al., 2008) . IX LR SRR R, AN [F AR BE R BUAEAEARKT B A 20, B ERARTER
-5 L A7 B (PR IR D 2R, RS 2 S A [ A A 5 e HE IO P X A B AR 55 5 i oot
MK FR. #iltn, Luetal. (2008) 383 i i J5 S HL b IX 800 24~ L Aok £dle (1) 7
BT, TR T AR A AER F- B 5 0 WL B AR 8] 3 A L MR S 2[RI OR R (BT 7.5)
WREH, = AEEMETEZMKT 20%, FRR/F T m g mtik; M2k L _EdR 800
mIGHE N, = BT EZER 15%LL N ELARKX, HEEAEE 6%. =, B
TERY PR 538 B = P A2 2500~4000 m, Jf HEL & BRI il . =. A et
DLRIAE ARSI - 1° ~10°C, 4F3FEKESN 450~850 mm. TR T = WAZIER:
PR B 7 2 18] o A _EAFAE B B 1 — Bk, IO R A A ek TR R T S
A

K 7.5 e R AR X BUACR H A W 2 A2 R A0 S B AT (Luetal,, 2008)

Tk BAUERRRE 1A R DL TAR T E AR A, AEAEIE AR by i R 24, I
P AR A & S R, T A A AR E A AL BT R AR 5 KR
FrR, SRR 5 DA 18] RO B Ok R P RE AR MR DX — R SR iz — . 1963 4F
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Davis (1963) 2t/ R MIMES, XHARMHR SHEPOCRES] 7 ERIEM. FRAMTAIR,
R EE A FREAN AR 520, 171 LA RIS AR R AR B AR (Mary,
1989). Davis (1984) 2 T EAETEE A MRS, HLUE BRA AN SHBISC R . Prentice
(1985) #1 Randy (1995) &t FH AUk IS TIAR . Ak ™ S AN PR b I /N RFR Ak 5
FERER R EFR, ERESRIUDIE, WEEST (CA. ERS 71 (PCA). B
XT3 At (DCA) S5t B T 1k S 14 ¢ R B 78 (Hjelle, 1997; Vincens et al., 1997;
Jackson et al., 1995; Caroline et al., 2001).

EVAEKKEERZIRA . B HphIn . LIE5% BRI R R, AR E A%
AP ARTAN (] 2ER oty 359 A A AN T3] FRTREL A A o AR AR 25 TR 52 TR B Vs PRV 12 DA B AR
oh BRI AR SRR, ATRE— PRI B ) AR O S LA R . e S — s E Ok
BT OREERMR . AL R R A RAER, W] DAHERT N IR I U ez,
RHbJZORIL T KBRS EE. RN, R T RIS RF .

S £y Vi 1 A e WAL () Rl R R D SR A LUR = A7 1 © ity A B R 3=, 4n
Lt SIEE R U2 AR B L AR ) WO R 0« AN [FIREL D A8 7 B S50k A 1 i 15 LE 0 S R
RIAIRKEEN . @ BRI R . A LR S0 ) — o R KNS, Hod DUXUA
TN Ry AL AR SE M oK o S8k, DURRARTT 22 57 . DURR) vh A8y £1) 0 A5t xRk i 5
. @ NNTFIMHER, WHEEISREE . LR E A 21 LK S8 K55, #HE— 12
S A R AR 1

Xf EIR B ANEEI R 2R, /Y S PR 2R AT DARR IS F8 A% 3R A ST T AN RN, 3K L
FHEDAER I I R B AR R 22 s T AR RGN, I EAE T AR b A& 2R AN S 30 KT
AT BV AT 3 A o

7.2.4 BIATIAR AU E v PRSERT 5T LA

WA A YE BB R, FA A A0 e 15T D S 3T o AR A SR AE AN o
F R AR SRR A, SRR A o, BERT DAR R ETRR IS S RS R, B
] AR AN (R I 1A) RUBE (4 X AR AR 3 3 A SR AT o A, WTE IR NS 3 A 2 1) 7
fit, HUURII A AU BORAF T IR E AR . BHEAOL A5 S, mT UGB Ak it FU 4R s AR
BN PSRN A SIS, PP AN SIS SR IA I TIN5 A 23R AR T
R 3K TR AT HE A0 8 AR Sk S DA R 7 N ST sl i S 5 T £ T LA T S0 e
Ja T3 B AHAN DA AR AR A B E B T AP A S RS

7.2.4.1 Jaky e Aaak 5 & ARSI P 69 2 Al

AU AL FL A A AR Rt bl F T 28 DU 2o S EE 2, th e d il A R U < e
BFEAE B AN ATERR o I8 XHS AU AL A A FR A B EURD 5 7 L Fk B B b 3
TR T (1) 20 1) 15 i LA R R LA AR AE IR 25 BT » T AE 7 A 7 [XC R 4D X S A o 7 2%
AASEAR T s

XIP4HEEE (2002) Shen et al. (2005) 38 I X F ¥ 2 pa 38— KA 795 em &G LA &
HEAT T HER AU I 9T, #8712 20 cal. ka BP LAk 75 Haibf 7 Joi R e e 25 0 [ 33 S A A4k
(I H S o RIEVURYIAEN b & RBHBAER 12 EERIR FE AR AL, Rl 6 Mkl & (LA
7.6 F1E 7.7 R G RMLRISHE R T T TEB R (£ 20~18.2 cal. ka BP, AH4 T Uy
HEaw 1)y LE. BB N ERSRARE R (18.2~15.4 cal. ka BP, HAW 1), Ui
FAE N EHMAE R (15.4~12.1 cal. ka BP, ZHAWID. LM, BRAPEANE—ZHF. &
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PSR FE 8 RAFE} IS T AR S B kb (12.1~5.8 cal. ka BP, A& 1IV),
PLE A AR AR R (5.8~2.1 cal. kaBP, H&H V) PLEER (2.1~0 cal. ka BP, &7
VD % 6 MRIEHE M B MR AR, S HH X 20 cal. ka BP LIRS (%4
ORI FE : R IR VKIS 94 T 505 4%;  18.2~15.4 cal. ka BP [0k )11 i w13 X A M
TGS S UF8s, N TSR 15.4 cal. ka BP J&, SUEit—SifiE, REMRELE T
B, RR B RIERFIE; 12.1~5.8 cal. ka BP [t A iy, A4 b R AR AR T I BRIE AR 5
ZFEapi s, AAEZRETE AT, 2.1 cal. kaBP LUK, SEMRE T K E.

Kl 7.6 A FLICSRA EZAER A SRR Gz, 2002)
CHARBRIE BN, FIRIATRI MG . R BRI 1 B AR MR D

B 7.7 FIE LD AR . REATERHR AR SRR Gz, 2002)
RN 7 U El T4 )

TR 2H 5 8 7 T R X 25 2 AR LA W R B AU R AR AT (B 7.7) 0 BR UK
), 7£%)16.0~15.4. 14.1~13.7 #112.9~12.1 cal. ka BP #i[a], HHL 3 A THME, 20IH24
FROMEIZ . dy Bl ok 4t B30, 9.8~9.1 cal. ka BP #iE], FFHEihX g 1
—ANECECBH R A, O IR B B PR SREXTEL TR B, AR R A A R B TR
WAL R, 2 JT4F DSk iR AR 2 X 5 . BAT AR p 6], [RlJE Bk E 2K
PH 4 56 O 3458 3 21 f K A S DR 53 R TR) AR b — B0, R T T R LR 2 X
IR IR I FRBAAR S A 0% . MfETF~E R, RIS TR M rT fe 52 b koK 55 1 5
Wi (X P45424%, 2002; Shen et al., 2005).

=% (2007) I AHE PG ILES PR 737.72 m K AUHIATIUR A S AT s 20 R
O FC, 4878 T 2.78 Ma LUK AS B kb i ] Ll b ) A G 5 T SR 0T T 6 ORI A8 4k it
T (K& 7.8, B 7.9), HI2.78~2.729 Ma, Hff 71 X J& [Hl 1Ly th = EEREAA MR (G4, 3 AR B Ty 45
Fyfai B, SMVSARAXHRE T 5 2.729~2.608 Ma, FEIRAFH MMM INE L, &
FEAE ST A8 0 2 BT 1, ) BRIV AR X s A iR B IR 1 s 2.608~1.553 Ma B.P.,
B 70 DX T L M R 2 AR AR BT (8, SRR BT AR AR BT, S B S A B T
1.553~0.876 Ma B.P., 7% [X J& [l 11 M () 3 B AR B v 38 %2, I HAEB A B IR e AR K,
SRS ARARBESG N A5 A A AR SN 52 2% B 73 i Sk %5 0.876~0.252 Ma B.P.,
A5 X [ Lt ) RIS IS B BTG R R vl AR Y B AR A B AT o B
B, EATEAFR A K, BAE S, 1 H L R IER (R B N T R, &R
ISR P B KB AT P AR SRR E S IR 2%; 0.252 Ma B.P.ES, HEFEIX
JE L L 8 D8 4 B B S A PR D ) o S B I AR 5K A, e AL e B ke P B AR
IS A A B U B R BE Rk /N o 7E B3R 6 ORI R 5 o AU 5t R, TR 2
IR — R E B SRR NS (MBS, 2007). fEHLEEAE F, 3D TR A
FE R 5 5 S AR A B SR BN, F120 A 93 32 B s R 3 2 BUE S EE AN R &=, (A7EM
0L P B S R TR — I DR ) A 2 BT B0, 75 v D o P 0 0 S R X ) A S5 A
feie 7R EERE .
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Kl 7.8 = BRI Ry 71 23 L

B 7.9z S DRI B TR A I
7.2.4.2 Ay EANLESZ TR A

ik 5 N ZRE 3 18] K 2R 2k N TG Sl g i) s e st a2 ok 1 . FAAE 20 tHad

30~40 A, AMTHEC LK b= TR ARAER AP0 AE K 1 AR A T8 7= AN 2R3 Bl R 5 e

(Firbas, 1937; Iversen, 1949). 20 th4C 80 FARLLK, AFEiEBhHIsZmHT 7L H MRS 2172 %

T, IXEEHE T ARE AT A ABCBOM R AR S SO 2 (Dimbleby, 1985; Behre, 1986;
Birks et al., 1988; Hicks, 1993; Carpelan et al., 1995) . HiACHH; FE MK [ 35 el Al AL 2530 450 0%
b, #5 NZRIEhH BRI (Gascon, 2000; Achard, 2002; #Ri#E, 2002) .

FIFH AR S NGNS B, 75 Z 08 B AR T PR AN A A SO0 1 A, SRR )
BN TR AR TEAS, BFEEEH. HE AR, N TR SR 45 RFIE DL
RAEVER T SFESEAE B thah, BARE AT IR N R A SR, HAE A
iy e A RN AR A o2 A 220 1R, AT LU i e o A = Bt NSRIE s S 5 AT 52 L.

ARk, FRE AR FAEHE W ARG AL R . N ISTE B0 2 M S5 7 T A 745 2]
MK fE (Lietal., 2007; Shen et al., 2006; Z=EIR%%E, 2008). i Lietal. (2007) JHidt X
=1 T 20 | I NG o 1T B S 62 N e 1 R B S 2E e 1/ E = AN N P N =R i
B BR0E T E PRI A AR SIS BT RS S R RHIE . FRAEI AR B, AR
VRSN S AR b, AR T AR PR T E AR R AN SCA AT Rl ) I S AR . 2R LIRSS (2008) 4
S BNV B IR RE R AR VA 25 5 AN 5T, BRFRARAER D S Bt Ak B2 38, 4%
AP AN 8] 28 S e R A AR A L Fek 18 B R B2 AN =5 B2 ARG . B B A7) 28 B 6K
M.

WA IR 2 AN AT 53 (), AR5 3l 51 1) A S B AR AAE B I8 W o A% 12k A\ 181
T, IR ORAFAEDTRR Y o PRt RR e 2 T B RIS SN IME 5, AFE R
ikt AR K R | 3R A IS E5S (Lagerds, 1996; Higuera-Gundy et al., 1999;
Nod et al., 2001; Vermoere et al., 2002), 7T A5 HSRFH EAE 10 E 245 Bk, EFH
AU AR B FEN IS, 2052 B se SCikid s AT Luxt, 5 HARAH S A48
Fran s g AR REAR « TURRY B B AR bR i 542 b SG IR FR AR S5 REAT 27 -G 20 A, DS B8 A
PRIE N30 7 2ORH 58 FE 1) 1 S0 v

FHEAL T = FEPEALES, A asr ARG BN E | il 2 Xz —, FhK
PR B - N R B e 8 (AR AE 4000 SERT G o VAL O — A 6.62m KA FLUTAR
Yoy R AR A (B 7.100, BT 1 TEE RIS 4 S AR Bl AR A ) P SR AR

(Shenetal., 2006). £ K/, %1 12950~6370 cal. a BP, 18k FR4akAZ flH ki i J@ Fr 4 45

ST IR A L T B A T RRE . i B LSRR BN T, IR DR A
P T R AR AE s  LL b T S R0 2 1 ) DA AR BB B FLARRSE A, AR
THE SRR, 276370 cal. a BP J5, IR B BAZERMOAH 4k KRB Wb, Frt
FAMGRGE 588 7 BEANRIRE) R 7 H X o SRR BIIGINAENE B, —SER A B QIR AR 8
., ERTAUKAEREARINR S MG RIS 2 . 2140 cal. aBP J5, FEMREE R S R %,
TR 7S N AR AR 75 I Y PR AR
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K 7.10 VEGUTRES FLAEAT & AR 4L (Shenetal., 2006)
CIIAR BB AR AN, XIAR B5EE0 L AN ZHh F Fl  EEA A 282, WAD H RZ A B R AE AR R, R AR
SRR G NKTHA K. FH MC KRIEFEMR)

TERHR RS FLAAR 2H & T I R A0 % 3R FZ IR IR 4/ 6370 cal. a BP AT Je UL 7 — k&
KIFAE4E . 6370 cal. a BP A, %X LA E SR EAEHH G K B ONRFIE, 5 SR AR TR R 5
SR RFNERAZ AR AR K B HB7R 1 Afn i o B BE I AN b A R 2 XU 3 i, B 2R
IR 2 I SAEIREE o (HIE S, LA [ 4 1H  FEAR w S F A0 RE 4D B Ti] P A U
AERAMRPITERAR, 5 255G VR 7 1 R BT T (R4, IR — YRR RIIAE . R BRI
FEAEXT A4 (DCA) S5 3 IFIFEE M o T HEAEAE 6370 cal. a BP JG M KH& . RAFH
RIS N NFE RN (1 BRI 3G 22 SR 38 N i) — o SE R X R W, NG sl 5| e ARk i
BRI EEIRE K . bR, RO RIE B AR A T IR R R,
TEM T SRR T AR I(E B . 6370 cal. a BP J& ¥ S A 55 X AR - Tt #k. #% -
BRFER FRERAZ [ AH 4 T B Sse e 7 N 1L s AR AR 4 FH &2 P B R AR . RA
B B 2R ERTRUSTERSE S & 03 InAR 38 VEREY R IR GG A (0 TR UE Rl e J A B,
[T 7 B BOW AL . IR BV 28 A de stk vh R IR0 SR g a8 . Hhzs . B9, 3
VB B S I AR R B B (1) N RIS Bl LA AE 4 2 450, (BLERT[a] b, fEkid ki)
NGB R R A 4R (%) 4000 a B.R A AT) . HIN 4L & 487 K 1E 6370 cal. a BP
T JE N 2R3 B0 T AR A e YO AR b dahr P 5 748 A B B

FRIEAENT IR, VEIE A K T AR B S8EMk g T2 2140 cal. a BP i 5, Jf—HE 2E4LF] 20 (i
20, k& BN iZ M B (2140 ~1100 cal. a BP #i8)) RAFRHS B & 0. £ 1100
cal. aBP J5, ARABMGEMAT BT, Faon TP AR EEHES It — S8 K. ik p ol
FIARBLLCH (1G22 385 58 J& RO 220 DK GE S wst i BBl st N TP ] P R 0% o TER IR B J
WL F 560 27 BRI GG T 8] 5 7 S BN B — RO EEIE N 2= P DA ST 3 X5 — M T X
CHHiEL D BTN (R AR o AR BORCER, Wi AL T LA 7 2 S A —af, 4
(1% e RS PR A SR ] PR o 1 7 SR i, SRR HE S 45 A — 2. RTINS A A 1)
K& T ] i AR 7R 5 N SRR B e

7.2.4.3 jaty AR AR T E A

AR AR TR FeEEd, RPERHfERME (lversen, 1944; Churchill, 1968;
Grichuk, 1969). 1% /7 AR HEIEAN Bl LLREAE Fh 1) AR AR 25 26 A SR HE iU RR B 1 ) oy 5000
W ZAZAE R HEWTREOK IS B AR B2 e — MR i S A7 073, 245 UEN A, (H R 7815
et FeErNg R, HEAZMM. REXMITEE 80 SR Mul, HbTETHE
BAE B0y BB, fESCER R BRI (A . B KRR R PR i, ek B0
% (Cole etal., 1968) #iteH, 2 JudethmVA77 748 T SR S50 w2 2 HEH (Webb et al.,
1972; Imbrie et al., 1981; Bartlein et al., 1984), {HiZ%J7iEIF1%A 2 BACK ST () A A0 A ks
Mo TR BGEER 55k A B TR R, HodHHERZE. WrEILSRARIGEHZ 7%
IR E T 7000 A LK SRRk, BEILIER E E AL R A A AR (Overpeck,
1985),

80 ARG, FEky-SA5ma BT J7v2: (Pollen-Climate Response Surface) #% & it ok, It
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BT BT COHMAP 25 % B B S g iF 72 5 H - (Bartlein et al., 1986; Webb et al., 1993).
PR IR IS T AR ME AR 22, T 28 BRARAE N =F 5 7 b3 25 8] 1) 20 A % R 70 S Ak
75 B (W PR 2 5 B R AR A, ARG IRE = RS T i 1 7SR R
Tern oA A e AR GRmiE) Sm ki (RARMED, A fER 46 %R 5 % F
TR A ST, (R SRAG A AES B BT R SRR SR 10 A 25 40 A W Rl 3k
fih b, BB TR 5 AR R, RIEA R Z &Y . (BB
WAL SR FIEA R4 5835, FITS8s SR — P DUE, 5 B RS 1 1 Bl —
58 (5K JE%, 1990).

H A1 B br_ B A R 2 16— Fh e &7 1A R SR L (Guiot, 1987). Z kKIS
i ORI A0 BB Bk}, alad S8 LU 7 k3K H folai LA fE R 46 I AR AR &
FL A SRR R FHIRR IR BE B T S A AR ek R T 0 22 e, R ARTEAH LB R IAR R LA Y
SESHOTE RS AUESEUE . ZONER ARG, nEE R, RS A
Pigd S E A (Guiot et al., 1989; 1993; Guiot, 1990). I 5ikELE A Prentice 2542 Hi
AEVIBEXAEAY (Prentice etal., 1992), £33 7AW gt fi5e3E (Guiot et al., 1996; Peyron et
al., 1998).

It 5 A (7] DX Sl A A s 2 () 57, Fk o B T B FUAS BN W R R, B Bk 5 i Ak,
HAFRBEAES T8 77 (The Coexistence Approach) (Mosbrugger, 1997). FE£& {4k [A] )5
R BOTE. EYIREX AL (Prentice et al., 1992) J7 kS8 h R AN o A 0% o B 5 b IE
RO R 2 (WA 78 3 Bl e 52

3 [ AL A8 FH AR VRl AT 58 B FE T R R o AT 5 T TR S A, (B R R, A
20 tih2d 90 4EAX, Hh Bk S ST AR 80 T B 56 DU 20 ok e e i . b [ 36 DY 2 ffaky
HHE /N, 2000; 2001) RIS, DRSS bR [RIAT {5 FH flok e B B T AU v, AR
[ S5 Pt T i e A B AR AR, U TR A RCR . inpNARE 55 (1996)
i EAETT 200 2R AR ERE, R ARk - e ST A A v, AT T E A DT
X EAFHE AR 0 E & EMAEREFZ R R; KKES (1997) Ll EILT 215
Pk AU FE i 1) T 45 R 13 FhAER KBS 4 P S HONIERE BT R AR - SR R 7
MR A, JFNHT NS AE T DI LA, e R EEZMIX 10 000~2 100 a BP
(RANRASAY, . RS (1999) {4 FH v [ B 77 FE M Fvty 265 AN IRACHIN B, S8 FH 28 byt
B I I 5 DY 20 A BE 3R AT T AR - R A, IS IR E By H X 40 TR
04 $5) 0 P AN AR I i Al 2k

73 KR JE

7.3.1 R

Ko EAREN RGE B RSB K 22— (Gibert, 1962; Johnston, 1970), fL$E KR KAl
NFERK, B8RSR EENEZ —, J5#H R NG BREE . KA — PRy B H 2
PAESHER T, TRl R RITE, #AXIHE =45 EIwm. Kk, K28 m
FELRG (i Ak, B o AU LA R R R AR KIS SR — AN B @A . VTR KR 8 = HE )
AT, ©R] ARAF R R e 254, tmT DU S5 MIMERIE AR, 7E1E8:
ST DL R O 22k S (Morrison, 1994) .

R IBAE R KR EHAIEYE , RV 5 TR AE T K. Rk, TERTEF51 b, R
DAFR AL KGR RE: R b, AT 2 B5 3R, RN R 5 2A i
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R, AHESREAEE 20, BERE ST M S B I AR BOIR I . AR R S 10 % )
B, — AR B W 5 R P s g A SRR 7T 2S5 AR AN K 2RI AE LR R PA K
o= NTE SN 52 (Patterson et al., 1987; MacDonald et al., 1991; Clark et al., 1998; Whitlock
etal., 2003).

7.3.2 3R B BT

IR G & HAEYMAEA 78 R I AR 1 — PR i & T LB A6 & 47) (Patterson et al., 1987),
HIE R EE 7E 280~500°C 22 18] (Chandler et al., 1983), 5 i ilf BE B 56 45 WL 5 78 20 A e As
BRI, W FE S AR AN A A AL o3 4% B e £ T A 2= B ok (Whitlock et al., 2001). 7k J5 7E
T N ENEWH, AWM. BOBERARICRY (B 7.10. SURY i H A 2B Ay i
W FEE AN R R R S 2 SR S ARG, (BAF A S v DX 4o RS — i i
H e Z2 B R (Umbanhower et al., 1998) DL & 2 R T A (Clark, 1984; Sander et
al., 1990) K47 45E

B 7.11 kiR KT 250 nm FIKIRIE (F73kFi7R) (Whitlock, 2001)

7.3.3 KB HIEHESUIR

W JB BRI SZ K (FBRE . FREET ] . R R SR AR A R
FRARAELAY 1055 B | K SC 46145 %2 IR 2 5% (Erdtman, 1972; Rowley-Conwy, 1982; Pyne et al.,
1996). RIETERUE, MU EPURR i S SNKifkiz (Patterson et al., 1987). &k
JE& P B PR S AR TS B K B FUBR R B B, — AR, RiAE>1000 pm R 5
L UUR (Clark etal., 1997) 5 Kif£>125 pm F5 JE AL 5 ZEITRE AR 25 KR HE 7 km DAY )
JEH P, X ANERR A BiAE>125 pm (5% 8 SURLT RS s T ARORE 2] (1) 2% 5 UKL AT R 2 4t
FEI6F) L HE LT @ity . SHvE IR B B0 s SR, 58 TR e S 4L
KR ERVERZE L H4ERN (Whitlock et al., 1996; Anderson et al., 1986). #iith, #iZid
SR H ) ¢ TS VAR A AR T R K R AR A ) A K AR i A K — BT TR] P g 3k (RIS R i i, B
W, AR I F ) R i = R AR 2 K P A P B R O/ R A R

7.3.4 RIBHIBT S5

TR IR 8 0 0 T 73 R B e . 2B i f s /- #ris. (Whitlock
etal., 2001). ks ZI0RE S BT LA 100 pm B0 476, S5eiiE, TR EANLE
WS BB FR L, SR JE AR S e 0 B2 KT 100 pm FRIR J8 B0RL 4R, R N
RARFIRE S A 2/ KRB (Millspaugh et al., 1995; Long et al., 1998). # F i 42 2% F 75
A RE SR, SRS TERE S RIS G, [k, SSaYIsaE . EAERRE TR R R
TRARS R, Guit iR — A RN B E AR s), 12 KRB (A
££>50 um) KR JEHCEA R (Clark, 1988; Rhodes et al., 1995), X il 572 32 B H Tk
FEZR R JE I % e ANt AR X B A V580 h (R JE mT DA gttt 7 K BB o o i =
TR MR EBRAEM AR, s HEAERTEIIRYFRERSE (Winkler, 1985;
Laird et al., 20000, IXFf 755X FE it o BT B R S AT T 04T, TR T8 O T o 8 /NI
Z T BN B AR B, (RS A KT EE, TR AR S oR g & R, bek Rk 5

300



EHZRIEM (MacDonald et al., 1991). FUKY L FRZT 5 58 I HEL 572 WARHE 1 ks 2 55
2%, Kk riE R FH— AP EfUn v R s, AUGeih 5 2% 2 38 R 8 Rk, H itk
P SR 5 11 THIRR o S M 7V 5 T X A S 2R AT v, E A ) X 3K ) I 52 (Swaiin, 1973;
Cwynar, 1978; Clark, 1982). T4k, 4Gk AR FURE T2 AR R U3EAT 2R 8 SR U 7 V5
Bk, BRI 2o0 A it HOREAR>125 pm (ORI HEAT SRR GE vt T fs AR i AR 3K
R /NT 125 pm /RS (F/N5R5E, 2006) .

7.35 RBIEFRIIERE

TR R KA () LS55, B B AN (R K /N T8 ¥R 748 A R A A 2 85 AR Rz a0 m K
BN R JE RIFHEATHIE HIR, BT RA . AKSCERAE RS IR RS S5 IR ], o g e A
£ 5 4 K FAE A TR AT R (Mohr et al., 2000; Anderson et al., 1997). 7] 4
b, VIBWIR BAERTE SRR KRAESZE, REE ARG XSGR
HZR DA 7 RN A 5% (Millspaugh et al., 2000; Long et al., 1998; Clark et al., 1996),
ANEERR G A S ARAMEDS 73 HoRU, HME AR AT AT HERHE T o DRI, FESCRRRIF b, AR R
JB o3 i sl RS IR AR PR an Ry AR IR S A S AR LR FIWT, 8 DRI & BERO MRS .

R IGHAE SRS AR S &, 1T DR A5 A B T AR SR FIENIE . KR A S5 S AT AE A
KA RA AR, R Idz BRI LA AR A AR H & AR s B KA 5
T SRR AAEYII N, ARAAEY) D o R AR S AR 10 S5 A AR A 2R 2 5 2 BR AR 1k
AR NEE IR, ATE— eI JOR AR RN, DA KR AR R RR AR 4 5 35 1520 (Swain,
1973; Patterson et al., 1988; Rhodes et al., 1995). ‘KHI&K4A S BE. MRS E R, M
KRR N 55 EHYIMER (FNHELE, 20000, K5 E AT bR &tk o] LU T3t
Fuik RAE . FEPEATK Z BIAEE SR 7507 LT, P 46k ol DL IS 2 N5 3)
XP AL AR 2 SRS M [ 5 S

IR G HHE 5 BAGSEAR G 455 7] DUR T8 B3R 8 (R SRV o WA DTRR I A G 2248 05 S ke 1 4b
SKHEJE YR % N & (Thompson et al., 1986; Gedye et al., 2000), 15 5% J& 1§ A8 5 f it 5%
IR R . TC R IR 2B AEAR A — B, 0 DAIE B K S R AR AR s R B
WL SC PRI, AT ok S SR ISR R . (H2, XEETRFR THIEE R 2, X R JE i
IR AREA T I, HARTAH BT X R L MR T KR AL B L KRR
S DA S 3 SR SRS BN, DURRYIREA R d i — A T T BE ), X
5 A B R R 7 (Millspaugh et al., 1995), 1 it &2 3 X FlfE S AEE AR 55

PE I A U XN 25 2 I3 S A&, SRR P FROR R R 10 AR AR AT T A
FiG B 5| AR AR P 5 . 2757555 (2009) XHEAIE A AR AL X 153 cm
K mfek . mEo R (& 7.12), 1310 AD B (L% 98.5cm LAR, fUpd a1 ~
D), AOREHA SR T DLk S AR I ] R A AR S T R VRS AR F AR T B i e, XA
WP E L HIOIRE (5125 pm) WIREZIEAE, JeBE 1 K FE LR AL @M, IS K
B RARAAN . HA7E 850 AD A f5 8 HIL— AN/ RS (<125 um) UEH, SHOBMKER
UEEAEL X R, FEACH S B B ) — BEN s DA SR S A & & BT, IR — O B A X P ok
#HF. 1310~1710 AD i8] (LR 98.5~55.5cm, M AHIV~V), KA G HiaRIfE
TR AR & BRI gk, TARARH TP IEREEAT O S 8IE 2, R E A BT
IR NITEBNFE o IO R S ks, MANRIEZAA KR, B 2~3 IR/NE(EH I,
I 5 HOR IR FE (WA XS B o T30 B AN B A b 1 7 P K e A IR B A, 1T X 3 K A2 gk
AN, 1710~1950 AD HlA] (4fL 55.5~24 cm, FMYAAHVD, AU AR iE S
R CLR AR 9 5 R R TR SE AR, S B D s AR PR o 188 380 7™ AR, e N SR iE gk — P s
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TN BEK 18 R Bk 2R AIRARL, T /) 8 AR 38 Vg AT Ak 38 A A T (Y e et 7T, BT IX
AL KB R, NIGESNEEY KRB X, X 500 A — 8 1t
I} BERAL A AR A A RGN =y, S BRIATIEAR T A P N5, 5 XSk K SR (8 A —
B WIS D98, 1950 AD J5 (RS VID, /IR o R R e ) B (I A
5 FUH A R S B 7 i 5 0 R D — B, R B IR B R B AT RE 5 Ak 2R 7 07 U e
A%, LR T IIH TR KO

B 7.12 KA ALTORIOfORy s A5 B BR BE AR o iR A2 A

7.4 SALE

7.4.1 BEiR

LKA FURIL, BT 8. SR IR RN Z R, A SEAEARE
% 56 4 I R A R LSS TS, A9, A AERs I SE R AN i e A A AR R A, R TEAA AR
T, HR A A A AR AR, 1% 7E AR B 1Lk 1 R 4 12 itk (Ritchie,
et al., 1987; Z=30¥f%, 1993; ZSfH%%, 1988; Sun et al., 1988; Yu et al., 2004; Jackson, 1991;
Jackson et al., 1998; ¥Fi&#i%%, 2005a, b; Lietal., 20000, ik, A LB IR 45 th
fEE—E WA, Ak R ef LS e BRL, ok e g, HBERES LA SR & #E i 74H
VB o XML GORHHELA PR AR AR F0 0 R MR AR AR T R R A o PRIk 75 22 HL 8 T Bk kAL
kB R SRR R, AR S ALE R — AR R . LA T U AER —FELE
WYARZECA VUL P BRI RO, e R ECAT AR AOR $E R B 12547 (MacDonald,
200L). AU I SFLEE R B AN it B0 KR, DRI E 3380 - 2R B )
KA, KRB L . WA KmAER, H BT BLE S A AR W 1 ] [
Hi[X (MacDonald, 2001).

— BRSSO =0 ORI O mIR PAIA RS ORI LA,
LA AT (Piceawilsonii) A, FERASRHE LK 7.13, AL EES MMM . 2.
RER LG ) B =, Hoh e Bl % . SALERHEMIR S SNSRI EE TP, B
T Be 2 IR (0 SRS RN IK 43 2880 SALSS AT T FE R CO, IR BEFN A R AL 46
W EEP A EEER . AT BN TR AL E 58 A T TH MR

K 7.13 HFFFAALEE
(aa, FESAFA: b-b, FEARA: cc, SFLBUGEEE: dd, MR hh SILE: he, PEREHIOKE, GG,
GRAWMTEEE; 21, FEARN SR LIMIA; £2, FEAM T BAMIEE, H5RCS, 2008)

742 LR 5K E

ARG HIEE A S AL A BB, PR AR SR A6 =, PSR TR M) LA S BT LR
HF &P 759, WIS Ak SRR B 2547 (Fragri et al., 1989). Ak, fEffabRid, N
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T EBRBRIIANIIE R, AR, A, ERFLERICER S, AAEARRIX
FEIO, B2 B RFEM BRI, SEURILEIRER L. e L= EZSRIMA
FEA, HEWETER: REDAE R I, A BRI N TRz — R, R
BURE, 0 10%01) KOH ¥, In#bHE 5K Be itk Fin 9:1 BERR I AR IRIE G,
IR 45 o i 7K 2 P A

RZH AL KR/NE 20~80 pm ZJ8), FEFRY %€ Go vt (1 [F Il v] LAgEAT AL A 1 48
SEGET . T WIRATTARY T P B IR B A% T 2 B M R 2B AR (<2000 Mem®)
(MacDonald, 2001), #&giit AALEE T Re LA AL R B Z TR H AT, AR ILAME
SERZr I SCHRIR 2>, Hanson (1995). Hanson etal. (1996). Sweeney (2004). Trautmann
(1953) FI7GAICEE (2007) SR ALE B A B E A .

7.4.3 SABREEEHEE T REH
7.4.3.1 ARG ERBHAILSFHR

LML IR, AILAR IR -t o R BA HEMAEIER, Hliae
R R RHARI I A74E (Hansen et al., 1996; Hansen, 1995; Leitner et al., 2004). 1417 P4
AFNERE R RS FARMARIX, BARIAREA =24 K, (2B EIHRZ R
LLBIIAS] 1%~10%, F&MFA (Larix) ORI & &AL, FUAR IO 7R
TR ZE, (RSB LA A R ir thF R 7R A [ RE 47y S48k (Clayden et al., 1996). 7
P VAR AR G0 R E AR VS LS ORI 5T, AR RS X 20 & R 5 AR MR B, EVAR M X
DARME R SHN. BREESERMAL, mAFLAR P X X Lt 2R A! (Pisaric
et al. (2001a). Gervais et al. (2001) X PEAEF A - B IAHTH 2 2 1 ok A1 <AL 28
FLAE, BAFHERRIL . KRz I REIHR ZEm A ISR (E 7.14), KR
AN TRIMEAR e P (R A R JZ TR h A & EAAER (R A FLAAH LR L v,
FEm WA AR iz WAZSILE IO F BB IE S it . R IR S A
P T B A AORE— 80 IE S AL 88X R e 2R A A 1R I B8 R TE T

Bl 7.14 25 pg U AL X v Ly L TR g LA AR B 0 A RS LRI
R THI0 WU BEZEWT. SCEMRARAHER R B RIAEH LR L)

7.4.4.2 AR BMAILBE AR E R T LA

FIRB AU S AL Sk 456, BRRcar Hh 8 g sl b 3 bk 28 48 9 1 A2 fL
(Ammann et al., 1993; Tinner et al., 1996). #l#1, ZER/REHTILIX, Welten (1982) FfH=
FLAS AT B R A DY 20 v Ll X A A 1 AR Ak AEAEAR AL AB X, Hansen fx M
FHAA L2 Sk 4 Bh Atk B 2 5 A0 (Hansen, 1995). #R1 2 H AT N1E, SFLESHRT 5t 3 B4
FEACAR & T H DX | P AP ) ST DX RN A R o 6 5 1 X 2 AR 2R A7 2 A 7T (Y, 1997; Hansen,
1995; Clayden et al., 1997; Pisaric et al., 2003; Gervais et al., 2002), H& 1 [X FHF 57 5 ARG
FEXTE D

7.4.4 BESILBHARRE
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FERRSE, AR RS FLEAi B o A A LR S, (BRI EIE NI
WIFaG o EHH AR B T2 ZEARMAE PSR 2 —, LR 5 ARMCE T A 49.8% (A LA R4,
19900, JEHZAEVR . ZRILAPEILIIX, BT 1 Z MR, XX TR 7
BrHRL . A2 Rk K AR YE, A PRI R 5K, R T Ak -t o R
W (REA55F, 1987; Z=fHSF, 1988; VFif#EsF, 2005, b; HERESE, 2002). tbAt,
MR PEACHBIX 0 T2 st oA, HAR T B g E S A B2 S (EARRHER 2
RACKRNEA Ry, HACREAS S 80 5 R T B L, S A INXE, A R A et
PITA T 6 D] 2R S8 AN TR AR P2 1A B ) o LA B A v A I o e B v SR B v SR A R A
Fr A SSLARIE T, REURR B SALARAAAE S 15 r] DUBHS L FE s BHATED 2 15 B ARARb < fLas
FERHMAER IR P S EIR S, W DR AR 1 R IR S .

HIE AT, B SSLARSIRABE T, AF b SR 7L 0 — R br, S fLask oy B e
PR A FIR A 2 15 2 .

7.5 TEPE

75.1 R

ik ¥ )& THE#E ] (Bacillariophyta), 19 th40 FHAS BN A3, EEIREEM 2R R K
W, MIABHRBIEZBAEY, MIAAEY) 18 (Battarbee et al., 2001). fi 52 S HE K]
HEEYRA A, HAEPENAYE KA S ER B AR 25% (Werner, 1978). FEREJL
PO AR IE A AN FEZR B KR . BEEEANMA Y BRI, HISR R AR R, — A
2.5um~2mm & FEEE 5 2K F BEURIE AR RFIE, BAESAARIES . WG, aufi. K
5. IR, WD THRARKINH, FEEERNS R RSRS LR, T2 1% i A
ME R G5y Bk (Battarbee et al., 2001) . #E4tit, CORILEEREEZ) 250 /Mg 1 5 2 /M
(Mannetal., 1996), Round (1996) ffiitH RS Al A7 1000 J&, il 10 /5.

Stoermer etal. (1999) [HlJii [ fEE IR TC AR, REU D =B 5 —Fr BRI B
(19 thad), DREEEMRGA A E, BRI R, fEEAEIG s, AR R A S 3
W, R THRAAF RIS 5 BON RGN EL (20 tHEWIF] 20 ] 70 AR, EE
Sk AR S G B AR, R RIS R R DU —SRERIE RIS B =
BORHEPRMN B (il 30 245K, METFENFARRIE S, mEsES s A K AR B A5
BRI 1) % 28 R DA B I it 0 e ko %) S A FE A9 B TR R S R b T34 855
EHEARE A,

TR AR TE R, AR BN R DU RS P B B B SRR AR, FEEETF IR LA
K2 (Smol, 2002; Stoermer et al., 1999): O # il H & VF 2 R K KR L AR, @it —F
PRI Fm ek R QR R EERIE AR ek, HRRGHENEE, BHEE,
KRZfed e BIF A A ZKF, FbREEEERIEEEE; OFE HITEARZAEMK
PH, AR A AR A B S IS R RN B, A A A n UKk e B 2 AR
B, QWEVEIEE. . KA. KIE. pH HE; @mEEAaEYIE. Zabh, AR
PR P ST 0 AR B, JCHOE T X IR SR R N s © T B SR AR Re 8 LU Hh IR AE R IBTADT
B

7.5.2 REBFEEREN LR E 5T
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7.5.2. 1 EREHSERE

DA Ak i 2B 25 R A A R TR T SR A R Sl R LA 0 0 I B2 ek e P A 1) 0 A 34T
VAR . X —ANEEF TR, G SRR — A A AN [F) AR B e A o DA BAH PR K BT iy, R
SRALTEATE @ I (] )RR R, (RN SR AR JE DT e A i (BB 0.5em BY 1em J&).
T8 I AR A S R E VTR RS B, A AT DUAR A R B 2E S AR BRI DG R L TR
R AR R AR AR LSS

VA REFE LRV AR R R 282, J5 5 B FE A 28R, RIS e KA e
PR b ANFRIZEBRESERE S PSR 4R 7775 L Battarbee etal. (2001) F#fid.

NSRRI AEASE BAEE R, T AR R A T, R X, X%
DX I TV AT R JZ DU S i (R R B , FRAE RN RURER K RE i o I3 [RII 12E 4745 L
PIKSHEANE TR, pH (B KR EWEENE . R IR S KR R N E I,
B DEN KR IAT H A, TR AR 2 8 B 0K N IR B B0 SRR R IR

7.5.2.2 EREpMA ik

DURR AR FEAE i (1) 5256 2 0 A T AR 1R (1) 5 72 b 2 (Batterbee, 1986; Battarbee et al., 2001)
(E 7.15), %, EIUTRPIRE L 1~2g, N 10% HCI FEIn# L BRIKER 50470, FEIN 30%
Ho0, LB o DL R A B A B, FF S 5e 484 5~8 /It fa, FHZETR/KE
42 3 IFVEH B O RV A SRR ERN ), W LA BT H0, b . ngeid -
AL B TR A R E RO A MU BCE B I ROR R B nT LIRS T (0.5
mm L), EEFEMNH RAMBRCN L. SRS AR e 2, SRS E,
A DA &K I 8 DABR 2530 00 BV AR o it B i 4R ORE B AT i i, mT LA R &
TR IME SR BEIRAG Y . 2Rk, PRE S TR BT 8 PR A, SRR AR A B
Blo UIRSEAR A B, FPRAE Sk AT B AR B . REVERE STER A AT, N — e/
BR, M TRESEIRBE TS . B o W REEIRAA, N E KM BB Naphrax #4 b4 il e

VIR Je B KORE A7 B SRR [ e (B3 1000ml FH7K 0 10ml E%455D, 7R
AR YTIE 48 /NI )G, W 05 B 2B XM EREERES, BUbERYIH A2, Fgl
BRI 3R, AT, R e 45°C TR E, TR
FEREE s XA AERESERE S, AR I BRIE] R R RIS A R, 2K TR, R
BE PP, MR A RER A (S MAEEANEE S A DI REEEIIRE .. XL
P 0 S50 =35 Ak 24 A3 73 5 ORI R T S A A [

P 7.15 FEERE S I SZIG = A ATIRAE (Battarbee et al., 2001)
7.5.2.3 AR K w At B

STRESEALA %5E, O IE ML E R IR PR A RS . A Krammer et al.
(1990-1991). Round etal. (1990). Hustedt (1927-1966). Patrick etal. (1966, 1975) %[
TEBE R, DAROR R BRI SR . B, [ bR b — SR FoH LR o 38 S FOK 2 B 38 5%
AF AT O A B T RE AT 7T T (www.geog.ucl.ac.uk/ecrc) (Battarbee et al., 2001),
HA sk BE SRS, TTES%,
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FEWE I AT SR B B RS2 MEX — Hef LU S A I RE IR, 9
LB AT DA BRI E  REMEL BRGSO, B RS, SR
Avo MR, o BUARTEERE M, EERE UL 500 KL L, XAARES, 7E 300 KibLE.
Geitit, RESE L FSSRIEE L HEOY 2 KL BBIR (I Aulacoseira) FIZZIREE(E (ln
Fragilaria) SU A4S, B I FE AR AR LT &, A BLEANSEk, 18
J9¥Hi; 4 Eunotia [{IFIAN Asteriorella [, T DURRHESE RISk IRFAE T4, HHIL— 4K

7.5.2. 4 HIFEE LA

T M A TR R A ORI R o WREE B Rifg siki/em® i+ A R
SR WSRO AR, R IR W URDRTH SRR e ia s (I 7.2 79),
8 R B R A

7.5. 3 EEEEEH R B

IV o B FU46 T 20 48 60~70 FFEARKRIMMEI A RRUT R A 7L, B2 T T )
AR Zh A SRR AR AL 51 K A A S 19224 (Findlay et al., 1992; Battarbee et al., 1999),
HH IR e T ) A A A A HE 87K pH B ) 5E & F-BL (Charles, 1985; Ford, 1986). 80 44X,
RIET Z TR RNARERY, ZJ7 ik 7 B SRS AL, RN sk 7 HE SR
(Battarbee, 1984; Charles, 1985; Ford, 1986; Findlay et al., 1992; Hankansson, 1993) . iti % FX 3%
I AR &8 TR DL LSRR 2 T B R B I H (S, 22 T2 [ A 8 B T BE
HINARR] TR AR, R 2 eI ml AR R ST R S I R BOC R AT, SRR
H-NERMBATIE, RS E - BRI SR £ LI K (Anderson, 1997,
Whitmore, 1989). E.F| 80 EAXJ5 HIA 90 EMTT4R, AATA VIR BNVF L J& Ffonf M5 48 58 1)
M SR LR M1, R ek sp e AR X, (ter Braak et al., 1988), Ji & J& 2 LA 11 AL
SR RN 5 R IR ek BT (ter Braak et al., 1986; Birks et al., 1990). 7ERLHY ()it I,
I3 B AL ve e 1 S MR AL I 55 A, ARIFHUN MR AR S S 1R A, BIAE— AN T
X, JEFTIAEEFR A % B G B A A KR EE (ter Braak et al., 1989). b5, #iE
L E B TR Y R BT . CE IR KR RAR I E R (Fritz, 1991;
Pienitz et al., 1993; Bennion, 1994; Gasse et al., 1995; Yang et al., 2003). H#l, MMACTI#ER
(WA B8 OR8] 7B 5EsE, JUHO 4 R 8 Sivt 2 40 7 s A ik 2= Hoi 145 2.
PEHCH B .

7.5.3.1 R EH ALK G Ao %

fik v BT 9 B B A28 Rl AR IR A S A OC B A B 5040 2 (calibration set 2% data
base 24 training set), EItHHEE T FBL, $EHE AR A0 I B B R IR bR, DAL ST
e 5 H AR PR AR AR O HE S AR Y B e ek B Y, R P A 2H & AT W PR AR A
rEE (K 7.16).
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K] 7.16 TR S BT ARAEE (47 Hall etal., 1999)

A bR BOTE T S S S AR P, B R R 5 T IARRE T - /K IR A P A
WHRBIEE. W78 F A TREE- SRR 7T, FEEH TS ERE. IS K
JRBEFEALFS n RES CJAE 40 DULED . m ANESEERA p AR E (ESR men),
P R 11 328 B ZBUAE — 5 DX 35l A2t i K R BPR B0 152 o B I3 5 K 3R SR DT A T Rk
., PUNERZDRY) (05~1cm) @HEAAE T —EMEIERN (1~5 F08, KIETRESR
FURFERIEE) REEEDTAE, T LS —/NIARER B R . WANREVIRIE S
T B MRSy, fEREAR RO, — BRARD I A R S AR EE 1)
ZNUN M f

SRR AT (PR S R AR 22, (RS2 BT I R ST FR n 8 BE A% 15 ek 1 7 Y 35 1) R 00K
o MBS ESERRE, —RINNZA 500 F B A TR SR A K 3 B R
BiAr R, BIFREIBEEE 0 (Gradient analysis) (ter Braak, 1987). HfJ5 43 My G145 [F]4£86 5 43
#r CIndirect gradient analysis) F1 B #4565 4> 41 (Direct gradient analysis) #Ff (ter Braak et al.,
1988; ter Braak et al., 1986). [HJ446 5 7041 X M. 204t (Correspondence analysis, CA). [§4E
X4 #r (Detrended correspondence analysis, DCA) %5, ilid xhk i it 4r i, &8
il 5 2 BEABARER T BREOC R, 15 HRFVRIRE s 7R AR ARl L A HREF RN, KA 7R AL AR AR
RMELEIREERAEE (Hill etal., 1980) . {H X PRI 55l 1) AR R 06 UK S8 AR A 24 I KR, BlsEe
THRESFEFR BRI LR (ter Braak, 1987). B340 T R A1 FEHE B T 09 J8, 7653
MmN TR R, @ A B 5 AR AT R TSRS, BT B R S PR R AR R
BORRWA, I ER . FESENEERE LIRS, R b oA IR ST R (ter
Braak et al., 1995; ter Braak, 1987). H RITE iAW FiH, — P U HEMEE 0 F
B BRI BN 201 (canonical correspondence analysis, CCA), ‘& [RlI ¥ R As B . v J@ b
FRE S R TE— MRGER 25 (8], BB R BB RS 0 A7 55 R AR 2 R (Hall
et al., 1992; Bennion, 1994). FRUEARBEBEERAH G MIRAER, BEgRIHREENL R, ATLL
T & )2 B A SRR d (Smol et al., 2000). #R1f7 CCA 43 AR BT $2 2 8 Fhot
PRER (1 B Ugema) B, C oy S 2 ) R R, BV R PR AR )b 1 A A ) P B L P 3 = A B A
K 7.17) (ter Braak et al., 1988). X it ZREHE h i 4l & NG BN, HA A
B BN AR . AREOR E R SIS T CCA Bl e 2 RIBR EE A Bkl
AR s BT, FEREATIX G AT T, v LAdd DCA 23, Al Je Foh 5 (s 5 B
BE K EE > 2.4 ANFRUER Z BT (standard deviation unit) f, B @R EE B A 50 B
R, AIHEAT CCA Z I T AL [ A P e ek BB B A 7 s B BE K RE <<2.4 SD I, 4K
PETEIE T OU AR H (Redundancy analysis, RDA) A3 T~ 22 7o 2 [m] VA i 56 e sk Bl H 550 Cter
Braak et al., 1998).

707 AR OGRS S PG AR BRI 3 0% AR
CBIh ¢ MIRERE, u S BROE RS, CARF I 5. ficlis ter Braak €t al., 1986)

IIACEE [R))7 5 4% 1F (8 3 2D #%! (Weighted averaging regression and calibration model)
Wt 3t FH T 4 R O AR L e R SR © [l ARG T E
JE M A E A A AN RS, @E g FIAIMBCEY, HESIREE LR (B E
B, ZERVILTRY, J&F PSS B AR K% @ Bl T R B2 — M fabn - 11E, i
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TR R R0 2RI b (25548 (Birks et al., 1990). & Fh 15 Efi .22
(A 520 A4 B F

. Z YkiXi / Z Yki (1)
i1 i1

JZ %(Xl% o
y.

P Xy JeRFE AR RAE, YK NJE AT k72 | SHEMT I E 2SR, w B K R EE
H: tNBEFEME, k=1, - M= 1, e N (FIE)o

FEE D IR, A IR IR BTRPME IR S, SR SR AR ) e A A B I X R A
AHE TSR & BTN, X ISR EYIHESE (nitial X):

initial X; = Zm:yikUk/Zyik‘ (3)
k=1 k=L
FHNLHE, WIIEPAEAR A Cinitial Xi™) H#HEF A X :
initial X;’ :(Zm:yikUk /t%) /(z yik /t%) (4)
k=1 k=1

BT 7E R B AR AT T PR OIAL, S 8T HEN PR R Cinitial X, ATEIE Cinitial X; )
4/ (Birks et al., 19900, A T3 SLPrHEFER, DARVIEIA AN E TR, X
P D JE et i BRI 2 M RV T vk e R, A AR Siik J52: (Classical deshrinking) i1 (7]
i3 CInverse deshrinking) PAFRIEAE . F5 WIARHEDE AN SR BB I e M [ H 28 RERIR AN
initial X;=a+bx:+ ¢ (a. b A NEEEFIRIE, ¢ iRz, WJLLZEA), RANHEHES
EIFEAX:

final X; = (initial X; -a) /b (5)
KL SR IR 375 SR, R aa HENE R R a6 S IME 26 HE RN S R R OR N X
=a-+b*initial Xi+ ¢ , WL MAETHEFETHAXN:

final X; =atbXinitial X; (6)
A S i SR B35 o final X A B e PR b B 2 4 .

DL E WS RP 732 94 2% CAnderson, 1997 ). 2 [A ik 5 U5 4 T BRI HE SR
(RMSEP); i85 L4 H T 5w e S S se i 2 A A5 R % (R, Birks et al.
(1990) A4y, FRASFIREAY (£ 95 F BLE I LS B M FE e R UG 30 45 5 (L R 558D .

TENIACES) (WAY J5ikfdsat -, —egudt e S aoEm A, RaREERZ

/N —IREINRCT- g[8 )7 54 IEAE RS (WA-PLS #7), WA-PLS B e/ — 3 J7 kAl
SRR [EA 7 4 A, HAR SRS T i S sk 2 450, JHE g — IRk E 454
#3 (residual structural components) FIAWIHRHL, $& i fik v J8 P i PR B80S B AR T 5 AR %
FEAHE SR 2= fl i KMl Z (ter Braak et al., 1993; Birks, 1998; Cameron et al., 1999). Birks
(1998) HANLL EAFIBEAL RS, AN WA-PLS KR ZRBUS, WS n MG GE
WAE 2-6 N Z 18D (PR R BORS I FE L 28 — N 3 s 5% UL E TR, Ui AR T
AL, M RS FE SR =i 7E 5% LA N B A 1R = i 1h, 10 R B v SRR (5 B AT DA
MR, ] WA AR R B A
X TR PR AR AR B AN R BRI FE AR L Gl <2.4 N ZERIT) IEURE R,
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R B L EOE S, Wiwik/D =3k (PLS) ZiE[EHEEA! (Korsman et al., 1996).
7.5. 3.2 #3 8 FE4E

T RE T HVEAL AT LU IS DL LR &3S OIEfhRZESTHRE: @M BdEtai;
@ ER#vE (bootstrapping) Siil kil ; @ JIEW: (jackknifing) Stk sE. IELURZES T
For g 2 FH [FRE OB R N 2, @il e ok H AR IR B R B, S Scillfa thi. 3
KRG 2 R 2ol TEARA, AN DU BRECSE L (Fritz et al., 1999). M7 e 46 7£
e bR AR MR 7, i (R —AN DX B AN R A, SRS T AR I A
P E, AR Bk H bR AR A, AR5 5 SClE He Ao Sedle s F oy vE A AT B S 5%
i (Christian et al., 2002), {H H - [A]F1 22 2% (1K) PR &1 CRLFERNA 2= MR AT L SEi = 70 A
BF 58 X — S [RVE B R IS R SIS ), SR AR5 7 V2 I B FH AR A STt . R A R 1 PR
ERTIERER G R I HeoAR, R B 0@ i BB BURE (Resampling), 1 8 R 208 5 N 2%
X FE e bR BOATRGSG (Birks, 1995; Fritz et al., 1999).

7.5.3.3 THLERIIE

TERHAT AR AT, 75 20 MR br e B 1 H @ 245 BT R i A ESIE . BT a3 EE
MFEBEA S 8V, i e B H BV REAAAE 2 T IR Z . — Pl B3R AW ERIE T =2
R A A U3 4 (A W Kbl . Fritz (1990) A1 Laird et al. (1996a, 19960b) 4371 F|
North Dakota i [X Devil i#iF1 Moon #ifT 100 4k £5 FZ I £ 8 A5 & sl il sk () T 5454k,
5 S R B 2R dh SeadbAT 1 LU, BRI 1 e B R R EE M, fEURIRR b, AR
T3 2000 3R Z X T 5407 525 Bennion (1995). Bradshaw etal. (2001) %5435 F 31 &
Tl W S 5000 oF B4 R Mondsee AT Fi 8t M&anren i 3 25 L H4E ) S i HE SR EAT 7 3001,
A 5 e 40 R B P R ) B R AL T T FE S SR A AR

X K 22 H i = A IS S M A v R, R B AR A R T DL H e AR 4R bR

(INREWL, NERSE) S EES R VIR BB IRE AT RS . W
Verschuren et al. (2000) [7]F S fik v AR SO 2R AESEANHIA AT K SGEAT TIRE, PFPAE
Ve ETFBASH TR . 1A, s 2 8o 5 IARHIa e S A AR DR S . e &
FIRZVR 44T (Anderson, 1997) 0 R] Ay 5 w45 B APE AL R (L 5510E .

sE A JUAESR, RIS R] U= 777 3 a3 A ek 35 e 4 R 50U A 9 F0 A 55 B 2 A B Kk
B, X e gy R 32 AR AR RN | ALSEFNHEDN (Fritz, 1990; Hall et al., 1992; Anderson et al., 1994;
Wunsam et al., 1995; Gasse et al., 1995). 7EFK[E, Yangetal. (2003;2008) il 5w 5 41
AWIEFIRTL A R IE 49 MARZ DU AR R A, &0 Rl 1 A X IsE
BRI RS DR R, R TR AR E R (SR ZREE, 2005; Yang et
al., 2008; Dong et al., 2008) .

7.5.4 FREBEAEH SR EE RN

SURA SIS S B A T, BT DOE I S 45 SR LA TR s v A2 2534
o DRIE, M PR A A R RES BRI SR SIS S5 2 o 14, £ P kit P,
B /KA AT ASEM K B P 1A A, P i AR BRI S BENUK AL AR 1k F, HRit,
A DUR R A A 487 U R AR A o VAR A0 70 A B A W R R, RE DR min [ 7K
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IR, VFZIREAAEYK T (KR 2 KSR AR AR . e Bk
PPAE) HIREA R, Kk, MRIEEEARA S, ATUERBURERIE 5. fEANIIEBIRNEL
R, VR T8 L S T TR A AR AL T 3 S S /K A SR L PR AR AL 5 A
ARMHRAK S AR P58 M0 51 RS NS TRV N 5%, BRI T ASREsh {5 2. Rl
CUREBEAEIRAE . KAz HhFE. B IR B S 2 i 4

7.5.4.1 EL5RE

FETE SR 1 R CVF 2 IS NE S T 7, IR e 28 5 OO -y e 1 e PR R e
S #ilhn, Kdster & Pienitz (2006) i YIRS A8 X £ [ Bates W IAEBELHAT T —4F
IR, RIVEEEEMZE T A R B SRS BER BEERR, HEMKEERKARIES B HILL
T RERAEAN A A TE R0 E R S 4axt R 3. RIFIXANSE R, R Hh g re 1 1%
i 2% 1000 R IR AL, B8 T /N UKIAR Be AR KA TR A I R B S 0. 20 402
Z 0y IR WSROI RE o 70 BT R G301 b, TSV SR HE T (R K VA A LB FE BV PR T
MR, R TR AR = 1 SR AR R B VIR DG, FRmEFE R 7 GRED A
1t (Sommarruga et al., 1999). P ERESE S/K AR A & HE VLB, MiEa EEAEFEEFE
K, KRG IBRE], R — 2 L, M AEREBEEE AT LR KA AR 1L, TR
T KR R4

PR S A R IR, e K Rt R e 1) e B U7 VE A o Pienitz et al.

(1997) WFFT 7 %= K63 Whitehorse A1 Tuktoyaktuk =f &5 IV A4 DL K2 6K 59 ANHIVE
FZURYIRESE, AT (CCAY, RIUKIEME ZR Z /KR SRR a
B B M M o AL AT 487 [ VA RIS IE 90 8 ST (R FE M R B, 5 — IR R M R ek 2 5 B
HATWAK IR IHES: . Joyntetal. (2001) FIFHFRIFEI 7%, 43 IS T InEE K v dLiEs 61 4
WA S B KR A IR R 2, IR 2 M3 Fog WIR)ESALH, e HEE T
At A B DR KR AR AL o AL BT AT AR B L AL (Bigler et al. 2003). 2% == 4L

(Weckstréim et al., 1997). B /R Bl (Lotter et al., 1997) Fl7iRiE B A7 V357 J LA IV 1L it

(Wverman & Sabbe, 1995) SFHIX A BCERIE . DL FiX e E B L2 E T ELES RGAT
TE R A . Smol et al. (20000 YORTEMALARARM - & A0 28y . ARpR - FEJ5
AP w5y 1L S B AT 0 R F BT, BVEEVE SR T AL, IR ERR AL T, AR A A AR U
R, & BT R R B E T, SR, R LT BT R O P B AT, 3
BRI IR R M — MR A SRR R, MR AR pH B 2R A HLEK
FUSRESS, WHEEEEGR ARG R EA N 285 TIRE (Anderson, 2000). Bh4b, FE#EEXT
ASAGE I N AN B, T AR A PR i B S A R, ek R A
A SIS 2 1AV B 24 RE T BAk (Biirks, 1981; 1995), KUk, ] M Kot v 20
L AR A R, R e AR XA 25 S A, A AT IR e E )
—ANORERME R . H OO R R RIS R, v B I AN R bRk ST E R A 5 SR DA R
A

7.5.4.2 A% 5i#ia KA
AT BN 32 P T U A R AU R AR DL S 2 R AR, IR AE— s REE L2 miiiyn
AERGHAZL (Wolinetal., 1999). 1ENAES RGHIEZANAR 7>, B AT DLARE

SEAKAL, R R TR FUEIAE . ARSI AR . BKIAK A 224
f15E BRT DL I AN ) AR 2R R e B 2 B ok e, B JECAV m i e i SR R 5 K B A K
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TR 5 T i X R KRS ¢, 3 00 LB R B i s 7 7 VA /K A7 19221k ( Gasse et
al., 1989; Wolin et al., 1999). 4RI, MR AWIVATESE A K BENI B LLE A, XSk A8
AR AT TE,  FR B e HR bR B I LS HF

WEARTAAL T N SRR GER, WIAHDTR S I e A A e s R B (E 7RSS, 1995; Xueetal.,
2003), MEyKIAMAE], *E#EE % H Aulacosiera granulata A/ Fragilaria f#i28 S8%, &
B T S TR BT K R HG 0 R A s A4 (10.0 ka B.P.ITJ& D Vi fE#E Aulacosiera
granulate. Cyclotella. Stephanodiscus 5 K& L, WIF/KALEGE BT, )G, fEEIR R
B>, BAHHF ] (7.2~5.0kaB.P), AR AE R SR, WK

AR, AR EEM I T AEMR, SR T ARASHE . BATE L A
R I 2 A N REE S 7K UR I D% R AL 7] — I8 DX AN [0 R PR ek i o0 A AR PRI 7 o DX Sy v e
SR I bR O 7055, HRIIEAT KR . an, —SURE AR, A R4S
JERA P AE AN A A % B AN E KR BRI 2% 4 (Wolin et al., 1999). i &% &F Sadi
Ali S KR IACEEE /47, Barker et al. (1994) & B FiAINS 5 Pl EUAE 5 /K IR 2 A A7 AE X
BB AR; Yang et al. (1995) jEiL Ontaria Al East WA [FVA FERER R A, BB N
ANF AR RAL, R 2 o lel 3 FBOESE T PIE KR Lotter (1987) FIH F s 70t
(PCA), XI%ii+: Rotsee WIIARAIFEEAL A AH G AT THEF 0dfr, 13 Tt a0 A
HIZKIRSE L, et B 7 A kAL AR A . B AT, B s ok T a5l T oK
Prff e EE A FLH (Wolin etal., 1999).

7.5. 4.3 EESHKEER

PR 5T R X, AR FITE K SCIRLE BRI R o BIVAICH 3 A K AL
IR TR EK . BRI AR PP R, HFem 20K 55 . B 4 R 24k
(Cumming et al., 1995; Fritz et al., 1999). 1A= 4y b oAz BURFAE (14038 LA AR I 4 R 1 £
A%, LR B TR SR AR R AR . BRI, RV PRIV A vT DU T E R K AL, fEOR
Z R TT 3 BRI AR bR, UKL B KR, TR SR EERE b, ST K S
RVSAZAAL BN 122k R . I, Gasse et al. (1991), Van Campo et al. (1993), Fan et al.
(1996 383 75 76K o S5 7 S50 s A B R I AR T ANV DR B AL B A %, 0T T VRIKIR
TR S AR R K P B B AR AL, SRR DA SRR AT 7 B . JRSE P IR AR A
e Eor (Laird et al., 1996; Fritz et al., 1999), BRyKI ~ 4p i I3, WK kv dl &bk
A RUK AR A AR, S MR A K SO R R AR BIRE TR AR, R R T A P AR,
J2 K PR S 0 5 VK SR 1B 4 AH B F 45 5 .

AN TR b DX (1 2 S DTRA IR SR PR T B, FE SR FERRRE b, fik i RO IR I o A
B o RSN TE X, BEANEESEM5 A & E B A I 5 R 1 B (BRI 52 08 2 (Fritz et al., 1991,
PR ot DX A T RV 5 ER FE I B R BRI . 32 ik, ReE - SR R A X s
BRI HRBE A DL AR JE 6 b S (Fritz et al., 1991; 1993) . & A P #E (Cumming et al. 1993;
Wilson et al., 1994). FEP ZE#E AL ES (Gasse et al., 199) . 4 35 B A 4E W /5 )5 (Roux et al., 1991;
Sylvestre et al., 2001). PEHEF 4 (Reed, 1998) AR (Yang et al., 2003) 231 [X
ALK

LR A iR B, TR - 2R R R v o SRR A e e, S B R
AR B, ERCHERPE L, Victoria 155 FLUTAR ST S4B~ 1 FE44) 8000
SRR G, REWEAL A RN 5 BE (1) 2SR AR AL S b UK S B FLIC M AR a4 — B, I MR /K SCxt
RS APGEAR L S. (Smol, 2002). 7Tk & LIX North Dakota [ Moon i, %}
T2 2300 A VA TAR A 5 A A R ) i R, 37 A b B 1 X RS 28 T 0k T SR A,

311



T8 NRREEI A A b, #GEE RO RGBSk 2 f5 (Laird et al., 1996a; 1998). H /g
Naivasha W IR TR EEFEAL A e S Ay SR RE s 4 IR, 47 13 25 1100 R /KA ()3 4274
W, REVEFES PR b, SRR R BN, R R, BIKC
AL 5 N SCIR IR ARG, ans kAL BT N E SR B AR B 1 AR AR
175 S (Verschuren et al., 2000

AT 75 8k = i R S DTS AN AR A2 520K ) AN B PR AN BRI o AT B R AR
BN T2 200 ZERBIAS AN CGEMZRSE, 2003; FREE, 2006). MAMEIAYT
Bkt Aid xRN (B 7.18; 7.19), H 18 ek, mEBA A HIE D> 4 IR B
Ak, ANIKIIER G — RA ] (£ 1830~1880 A.D.), -/ MBIVAE LM K EESER (5 L 38, Dik
PLZNEY Fragilaria #1288 3 MEYNALE, Aulacosiera ambigua & & W] B % . 20 22 LIk,
PRASEIA TR A SOF GRS N, B2 60 FFAALLSE, J8/KF (Roicosphenia curvata) B
IKEE IR (Stepanodiacus) 53l 75 B N4 H I 238 ke s . ) 75K = Jir ok v -
K% (Yang etal., 2003), B [ i EBIKER AN (B 7.20). HEARMES RER
INGK IS ZK IR A FTIE 40 AR K I AL IRt FE o 3k — 20 06 Ll i SR, X Sebyr #h 1
AT A8 Al o DX 3 AR AR A PR e 97, 3/ T SR M iR 5| A ) DK R 7K R 25 = PR3 TS A f2 BAR
K EIT

K 7.18 JUEHS LU R A &

K 7.19 GOAREEEFLUTR RE B &

B 7.20 YIS RIGN A R v B T AT /K oy 4k
7.5.4.6 A% 5F g R

BB IR A BRIE E kE HILRK IR I, S BUKMRERE KRG B 2R
FRAR AN WG s K AR AR e S5 22 Jim S, L B 1)/ o . e 2 T DA SUAE A ) BRAX 2478 B 117 K
A DL R A 7S R SR AT BE IR 4L (Hall et al., 1999; Smol, 2002) . fif:5 & £ sk i) 2
I3, W EFRBFE FRIRE R F UK, 1M HAE & EFRIUKT ESEH AR
FIEF G, S/KIREFRIIR R T K E M X 7 FriEsE. #1U1, Yang et al. (2008) i#
HKAT A I HLX 45 NIAR E DU B & SR BE PR, 15 HREE R R4 & K
FLAE B A A BT 5 TR A R AR, 55 R AR Ak BAE KON R S TR 1 & TR AR LR
B (B 7.20). WH, E—EREFEREE L, SRR A 1A W 5 B0 A R a5 DL
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FHNEFREREE.

B 7.20 VT H R U R LR R o A

FI R T R & B SR AU 6 T 20 12 80 AR 511 (Smol, 2002), B H{H
ST BN DA XS AR A A T I, & el 90 SRR, REFERF AR
M E PERY B FE 32 58 B AN E BT UM B WS A b B S R I 2 WU, R PR A
Pt EFRAREE . NS BRI X 5 A2 E 5 (Hall et al., 1999; Flower et al., 1997;
McGowan et al., 2005).

BT REEAE SRS, FIUAVIRESFLA SR B B A =E BRI AL, Y27
AN E BT R A Ao . X R, e RN, 20 tHarimE Bk
LR T NIEEN TP, IBRARIAR . AP A0 Tl % 2 36 1 1) TR USRI S35 4% ( Anderson,
1997). 40, Stoermer etal. (1985) HR#EILIE ARIEIX Ontario WA R, FL Ik EEAL A7 4H B A1
FREMAAL, BT T BRI RN LSRR TP AR R L, 456 M 0T T
PREHEFISCZIRE, 0 Tz E SRR A TR . WFFiR, At 1770 460,
A L -HE SRR N, B T BRI R BRI B B ARSI EE; 1770 Ff5 % 19
thed G, R G R AERAR, USRI Cyclotella Fhaym/b, AF A E S I AIEEEM H
W, XN YIRS R RO R sk — 8 20 AT IE, TEFRMIRE L, HE
FEFRRPTHUR, KA S TR E, ARSI DG, Aol A Tl s 30 bnag
HKs 1945 4FJ5, WEEERAEEA= & NI, IRIEREEA R, UK R — AL,
T P R AR A ek o e A K A SR AR R - o 12 B 7 A B B n 5 e N T Rt
s IEACREHES AR A L

MK IR, Bl — AN FER ARSI SER RS (2002) @it iz
— AR TR T, FUH 2P SRS FLAEARHEAT T HE, WRE T3 M DUk RE
EYIBEB 8, JHER T KBS (B 7.22a). 19 thad, #EiEEDURMERE
Fragilaria 11 Amphora libyca S5 05, B4 S FRRREMIS, AKIEE-E G, KA
BRE: 20 LW, R Aulancoseira granulata 34 2, e B B 7K AR B BT,
AKARFEGTVE ML, WA T A6 ) TR &8 FOIRA A, 20 el 70 FARHIIHLIOR, feE i )
Coconeis placentula. Epithemia sp.. Gomphonema sp.Z5 A= & 448, it 7 el JLH4F
K, KEMBERE, WARFEMAESRGEN (H7.220), SHEBHEER. R4 NLE
B 5] RIS TR R BRERNA L.

7.22 R FLEEEE AT () 5ASHELEL (b)
(& b 3 FiRE S B 4 MR AN A AR, B AR ERERER S, #kFom B )

A E BT RIRIEE TR SRS IR B e 4. MR 2 Bk, whEs
SEWIAAEFE I R B REIER R (Hall et al., 1999). Ik, A I feE - SU e 40 ok 502 vl ik
AT ZHB K SR I e R E . Yang et al. (2008) FIF AL 4rHT (CCAY J7ik, 4%
B VAL R IR R UUR R 5K OC R, s MK EBE (TP) 2Rk s
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AL B I A B, ARG R INBCT 3 B SR IR T73, AL T I IRl 4 iR 2
JTERFAR I SR, % EE R H AT IR s i S 54 S A B A S R B (R%0=0.82) Al
BARMHESIRZE (0.12) (B 7.23). BlJG, KZfed ek 5O B KA. e s At
IR ES DU R ik, R A A H A 7, X 200 Rk SBER FE T T 8 &
Fd, o, REEHES IR BERE LS 80 SRR DRI MIESR, Wi ARk s
HIREFR AT (& 7.24) (Dong et al., 2008). BFFt &I, X LIy A RE R 4 5201k
WL AR SR, (HRE A R(EZ1E 50/l 47, IR BUX Seilyg BA S AR
ISP R A = (P4 . (Yang et al., 2008).

7.23 KT AR I VA R - L B e R BT A

I 10 ZAER, TR EE- S o JE V2 M XS 4y i ST, I RSl It L Y 213 2578
IKEBRERME T (MR 7.2). HEEFRERIBR. HEER. WA NS F € Z0

7.24 DRI BRI P B AR T R
CSRAAR AN BBHRIE A, 7 AR A R BRI, Ry SRR T 298D

TSR G RIE (Siver, 1999; Pienitz et al., 1999). 43 L iX L6 Ktk P2, 7 DL R IR S AF
SRS BRI AR AEE DL N 3 B RAY, BEE BRIRE AR N, REEE AL A
TEAERAEME, EWZREME (N, Simoson 850 2R R,

7.2 AFEH XA BB H R R

WHTHLX WAEL  BEEEE (u RMSEPjacinoot szack/boo! ik
= g/L)

B C Canada 37 5-28 0.21(ug/l) 0.73 Hall et al., 1992
Michigan, USA 41 1-51 0.41In( 1 g/l+1) 0.73 Fritz et al., 1993
N Ireland 41 25-800 0.16log( 1 g/l) 0.71 Anderson et al., 1993
SE England 30 25-646 0.279 log( v g/l) 0.79 Bennion, 1994
Alps & Prealp 86 4-266 0.34 log( » g/l) 0.57 Wunsam et al., 1995
NW Europe 152 5-1190 0.21 log( & g/l) 0.91 Bennion et al., 1996
Alps 72 6-520 0.19 log( © g/l) 0.79 Lotter et al., 1998
Denmark 29 24-1145 0.28 log( © g/l) 0.37 Bradshaw et al., 2001
Sweden 45 5-370 0.19 log( v g/l) 0.49 Bradshaw et al., 2001
Finland 61 3-89 0.16 log( » g/l) 0.76 Kaappila et al., 2002
NE German 84 9-1680 0.43 log( » g/l) 0.86 Schanfelder et al., 2002
Minnesota, USA 55 7-139 0.25 log( » g/l) 0.68 Ramstack et al., 2003
KILH N 45 30-560 0.17 log( 1 g/l) 0.75 Yang et al., 2008

A S AN AR A AT DL BRAS [R) AR A5 2R Cn B RS IRIBE AL ) A S R IE A Y
571532 FE (Anderson, 1997). Brenner etal. (1999) i#id % HLik Orange 1%k FL AIHEFEEAT
FURIL, 20 4l 30 AR LRI AR A IR F, FRKAEEERE. RECTFIERTA
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WVE FEAA N, (AR SEHE T KR S 2 R B, MR, TR & 25 0 5 Y
% o FIAEZ DN /K AR (1 8 0 /KM B A IR E L, ITTOE A 1 L AR R B K
BIHE . XG0 FEFE AT N DR SR T T IESE (B 7.25). e FL
1920 4F Fifik e T 0 SVBHE 5 TR [R5 A4k, LT 7K AR A R R FE AR IS 1
HICSE, W 2R R AR R, WK BRI 1 B A A S K A A A W Tk AH
X A, AR DL SR, SO TR LU TR o 5 3 S 9 /K AR A 3
FEARFF—8. AEAE, KA T A — NI A, RS BRE N 2 5, s
B IR0 R AL L AN R RO B AR PR LA, S B T R R VA G 7R SR 0 B R T D RE R
Anderson et al. (1993) FI Anderson (1997) L b5 /K 2% —A & & 77 Lough Agher i )£
PO AT, PSR B [ i % A 2L PSRRI S BRR AR, R T 7
FANET I T INARREER S BRI, SO B (1128 5 Al — 3. {3 40 FERU5
FHLIK, FEAMEBES GG B A ARSI N, DURIBRR B — BEgs/b, A Ok B ik FE
Pigk s, BEAR 70 ARG A IR B . 1945~1970 4[] TR i /K A4 SO BIR FE
(1 S ) AR A SR B T RIS T 1 S WURR A R R AT B T I K R AR P T T e
ThiE, 805 JE A K o i B R 4 25 FF 2 A (LB 7.26).

K 7.25 JeRIHRUR AR M0 S K e B R B

(20 [ AR B 3 Y B, 137 KRR ROV TRt R AL 2 B 5 D

] 7.26 db3% /K== Lough Augher Ik HE S I K B 5 TR W B = 11 L s
(4% Anderson et al., 1993; Anderson, 1997)

WA ST A A 2 B AR SEES 3L FE R R IS5 3, Bl iR Fabs e 51 A
Wk iSRRG, BEATIRE S B NS B ARSRE B SRR SRR AR 7T, A U
] B vt ¥ VA 2 A0 B — AN BT O . H T BR BRI RSt A, it A S 5 5 A
FNKIESTORHEAT G, X BRI, $am A FEAR BN B AR AR SRR Y
SR 4o, Hall et al. (1999) JEE XN KALH Qu” Appelle Hi[X Pasqua % fLAE#E
(o At , DLACRRIE 100 A7 SR A5 A sk 2k (0 N SR B s, R TR i

(Redundancy analysis, RDA) 177 % 78+ R (Variance partitioning analysis, VPA), A 2
7~ H I E AR NS 2 A SR DR 30 Rk R Vo 25 () R 4 801, DA P R 36 4 L& T )
S YA, HAR R J LR, A B IERI A (EZE R B T AR AN & H =D Ikt (&
PIHEBO F B & TR,

DURRPIE SR 7 S LA BRI BB S, B FEUE T B, AT DRI S %
DURREBFR IR, MR A SR B R AT BRI BN R 2K . EfBRESE (2007) FIFH KA
WIUURREFLIORESE . AU fOR . BEMLR . JeR. REESIRRT A, e i 1 i v
AE, K RIS B R E N A &, s TR, Tk SR R
FYIFRFE WA R, WREANER RARTERIREE . SR AR . i — P05
RO (B 7.27): 19 LRI 55 28805, WWIVARE A0 AR A 1 257 SRR R 5 s
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20 SR, JISARMBRARAN A HUTT IS IS ik AR R A AN & TR A AR I R
Pl 70 ALK, IR T 2 (I RN I B N B 1 RS 22 A AR & R R
W\ N e

7.27 KA LRSS ZUTRR R IR &

7.6 Y KA A

7.6.1 MEid

TV RACAT I H TR IR TR, SR AL s S IR AR, AR A
Wy 2 Ty s 2 fESEmaE AN AR RSHEECK (0.0001~1 m, {HZHfE
0.5~2mm), Wil 5/AEEERIH TR RBIHOK . KIWMASRABER N “ B, 4
IR AT ALE AR BRI e 3t AT BT kB SRR AE L KA SR A RE P AR KR R
TR, AT &R I R GTRR b BBAh, IREEREA NS AL M AR B S AL R R
R AR . B 7.28 TR A I

K 7.28 it & A BL A
(1: Carex vesicaria -, 2: Carex paniculata #-¥, 3: Eleocharis palustris f'¥, 4: Menyanthes trifoliate #-¥, 5: Najas marina
m2%, 6: Najas marina -, 7: Juncus effuses ##, 8: Myriophyllum spicatum M2, 9: Myriophyllum spicatum F/-f, 10—13:
Potamogeton crispus #F*, 11: Potamogeton crispus M 2%, 12: Potamogeton crispus M|, 13: Potamogeton pectinatus ft=%, 14:
Potamogeton pectinatus ff -7~
LEBIR: R S50 ImmX Imm. ZfEEHHD

YA TR — 8, Rt E it BRI G R, FbEEmaniEtrg 4, 3t
FH . RS A S A E R (Birks, 2001; Birks, 2003). 1Y) KA AT B W 7T
F= BRI s HARE A A AR AR, B ARSI AU R R, AR PR A A AU R
PEE AR A EENERN . MW B RS-

(D Y25 Waky A ge % e 2R s R, MY rFh 1 RSCEFR A NE H fe e 28
R KY, DR R — D AR SR A, AR B B b B R RN E

(2) LMD BILER A ) ORAF B EARAC, 2w AR AR R, A Re
B TR ) () L SR I

(3) XM=& ¥ iEe R, @m0 2 ST LR T S
HIWHEYIN B 5 5 (Birks et al., 2003).

7.6.2 BT

7.6.2.1 KA R FAMHERE
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UMM KD R R O 2T, — B oL T ARMEHEWT— R s 2 IR
AT A o T AN HEARBOR A, SR > EREY A REgaikia 2 UK X . B,
XX, — BB . V0 B XBEATHURE . AHLEZ R, /N S S
KA BT, Watts (1978) AR MFHLIX, RAFF (AR R BbE . RIARIL 50K
Wb . A NWHRTR I HKIIAE SE o R AR 2 AT s LW, A R AF R, 2
T A KA T BRI B SRR d R AR, BORMFEE i, 2t
TR PATFLEEATFE AR AR o SRERIUFE R ZORAE 4°C R RAT -

7.6.2.2 RBAR Tk

F B 14— 2 AR A R R (50~100 em®), NN 10 % (1 BB R4 (NayP,07 *10H,0)
VETCHEAT 28 S /KRS TR AT LA 10% 1) NaOH HEAT /0 fift, W BRERAS & & & IR b
AT 10% (1) HCL b3 . EVTRRMI A Wi e, 40 ml FHLAE Y 250pum A1 125um 134T
Gy, FAZK/ANGPRYE,  BREXIIAEDD R AR F /INA SRR AT -

Pk IR 2 A DL 7.29 FoR. B B0 0 G R A E T 2~3mm JKiE
PREFRIL (BN, BEHER G 0 8. B FRILE T 10~40 504 S e T,
RN B BANE PRk BV R BT E M, RN DR e St

&1 7.29 PRV A ST AR A4
1T—41A): FTFAREUT IR R BT E I, 2— DU A REA: TRt
3—HEFEIL: FHTHRBHEAI A BT A—MEE: AT Pk, SRFER: 5—RIT (A0000 A%5): FITHhik. #eefbfi: 6—HET-
FITHEB ML

7.6.2.3 R K7 it

FEA) KA AT 11 65 AR e 32 A i P i DA S SO R AR IR 4 o B T BRI AN A1 55 b X A7
I8N G 22 112 2% R i 5K ) Berggren( 1964, 1981), Beijerinck(1976), Davis(1993),
Anderberg (1994), Webbetal. (2001) Z&f) 3k,

B, SRR AT I A, B T HRA R R 4y, PSS AR M
&GN RSB EEAMENO, s T, SO Quncus) FIFT,
FEBRGEIT AT LA H o X BEAR KA, T RLE ROy — /N K%y, Hln 500 a1 1000
Ao IR BB 2 BUE BEA ReA AN HEAT TR, v AR DA R 55 4 DUR & B ik CRA D
B H W RETIANERRHGR) (Birks etal., 1978). & TR & &£ 10 Si 0 5071,
Janssens (1983, 1988) A V441,

7.6.2.4 FIEERE
M RAAE AT DU 2 FR51ER . HERIACRER R . X EH, T reasi 3 Mz
N AR B R AR 100 ZF TR BT S 2, )5 F Tilia Graph & (Grimm,

1990). WIRPIAREER Ca1, B ki qiEE’. i TFARAEE EME KER,
o LT A AS B e i B o 45 5 (Watts et all., 1966).
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7.6.3 YA R EREETIER
7.6.3.1 i KA G GAE A A IR 3E E 32

TEYDACAT B S5 8 B FP . X YA By B BARm & S, I8 Rk T 72 456 3k AT 17 sk i
WM Y E . B, Birksetal. (1978) WEBIEMLA NI AT, VR EZ 7 & Hrt
B AR ASFEIE G RRRAE ,  FRHENT T BHL- R AR S TR

AE Y E AR 2 MRS D, R, KA A KRS A RO 45 (Spence, 1967,
Dieter, 1990), Pt a] LAFI FHE P4k 20 G >k S8 g S I A S0 A8 4k AR /KA1 % 31
LRI e EFER - AR R HE A TSR e R EE. o
Dieffenbacher-Krall et al. (2000) 4%} 38 [ 2 ALHS 13 /M) 189 AR ZUTARIFE: it —
SEREBRAE P A0 AR DA R B AT T ORI ()R FE I A ) o0 AT s 25 SRR IR — Se R ) 1 tH L)
KRG R K Tz ) A K R VG, (H I R R IR B R 2 B — ke, BiREdER A
BRI HEWTIEIA KR, IXAS 7 VA AE () DX 3 3 e R AT AR A5 21 T 3 IR R A

Birks (2000) @i I8 7G5 Krakenes SAEAIML A G RWF 7T, 678 7 MUK LUk AY
PRSI AR T R (LA 7.30):

B 7.30 $RER PR Krakenes I UK 3 DL R 32 BAE YA A RIS 43/ N LB 4k & B T =X
(& 7.30-3 1 Equisetum 1 Sphagnum KRS (DL B (o). HH (D, K& (@) UUREEFEK. Birks, 2000)

ik UK S AR 1] (12150-12000 a BP). /KAEREYIRE VA il S )@ A Ranunculus
A Nitella #J/%. Ranunculus J& —FRELE A B AR AFIE BINAZ R, HLAZ AR 3L i g 24 0 1 [X
AT AL —FHEY) (Hulten, 1971), i\ /2 H LA A8 kg B 22 va iR o i
L@ Fh (Fredskild, 1992). T Nitella ()1 2 Mt HAA BRI N2 A8 /1 (Stewart, 1996), 7EfE
JE 1) 1000 E N ER AL TR FERE . HZ J5H TSRS, ZEF R4,

By 2= 2 48 ( Allerod ) 3 (12000-10900 a BP), 7K A A #7% LA Nitella J94f %%, Ranunculus
sect. Batrachium & &1K. %4 &5 M MEM G T i 7F 2 308 FRlm i 4G JEF #60k. K
A= 5% Daphnia Al Plumatella #0535 . 7€ Allerod B #1714 Potamogeton. Carex nigra fll
Potentilla palustris 212 Hi 3, 1% L8 & Fh#0E B AR R K I B IR AAE, R 3,
ARG, ELR R R BT P S AR i SR A P PRl vk R A

Bl A (YD) i (£ 10900~10000 a BP). b1 M A& EIR{K, Nitella, Daphnia Al
Plumatella & 2P D, R —RA A POERR, BIKKE R EK, #ErR28E
WU T 1735 o

At L] (47 10000~8800 a BP). SEliZZ AR, R EIFaa i A T+, Ranunculus
A1 Nitella FEFHI, 76 10~30 FREEH G m, MG HERIUUKFZEFE R R H I
Ranunculus sect. Batrachium % & %5 I (8] ) SURI3E 22, AT BE 20 5 B T s AN VK 9 b Gl
JKVE U BEAR) AR Nitella A1 Hippuris vulgaris 78 30~40 FEHN AL —E & &,
Ranunculus hyperboreus 7E#4~ YD W AN & A HILIF BAE B W ORFRAH S & &, 2
7F 100 RAFJFIFHTH T SR (H2~HL BB, 73— A3 Y BV 2 1soetids
FIAPJE AL . K2 ) 1soetids #BRELEI BN HAE 35 A 2B K (Farmer et al., 1986; Rarslett, 1989),
R I Hh i 7 1 /K XUTR AR AR B RV K YDA IR, AEABAT AN R AE e DT AR T 28 (1) 7K A o A7
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(Farmer et al., 1986). 1 Elotine hydroopiper =B/ i £ I A U080 25 F 5, FH b0
Krakenes 18] [X 5. 4 th g S5 A4 B8 1) T KBt PSR BE. £9 9000 a BP HifJiE, Isoetids 1
KZH W Ui/KRE Y Ranunculus sect. Batrachium, Nitella #1 Myriophyllum 32 ¥ 4k ¥ -
Nymphaea #1 Potamogeton fTft# . Nymphaea 4 KR EZ) 1~1.5 m, ‘B HIRAEIRAJe 13k
BUE 3%, W REPE A eekitim e A UK EM A K, HIa4EsR (Preston etal., 1997),
RSP I, RGNk T RE MRS =Y, WA R, KIEE FRK
LT

7.6.3.2 MM AN EEASRAAELG TE

IKAERE DS M ST I B B AR B R Y —, RIS RN — AN EBEH R
(Carpenter et al., 1986; Marshall et al., 1990). fEZRAEE A H eia AV A $8 br ankE

LG, (R, BRI RIS, MRS, WU A B EE SN T AR EOC R, Btk
KR RGN E DIse22 4k (McGowan et al., 2005).

ERAHIAES RYh, WRAZ R (Scheffer et al., 1993) Tk I\ N 2 i B
AR, RN, BTEZ DM BMAS RGARMIE R, 1ZES AR WIS
WFFE RS BRESL, A YA LA 70 T DUOAZ IR S 0 B AR

Sayer et al. (2009) X7 T ik 22 45 Norfolk BRHI—AN/NEEK Felbrigg WiEEAT 7 A
TSR T, HEE A IO IR SRS AR bR AT, B T K AR S R R )
FEEH R ERFENEFR Bt (B 7.30).

(1) %3 1900 AD Hij, YR A & B s, A SRR iR & & 5 SHAL,
UK RS, AR IERK (B 7.31a). X4 R Wiy B Ak s Ak f
KoMt BFTIESE (Davidson et al., 2009).

(2) 1900-1950 AD i1, A VItRTF & &, HINAEAEYN Piscicola A1 Mollusca
TR BIARNE, RN REE S 23— PN (B 7.31b), WA RS
KA NE, EEEAKRE.

] 7.31 9L Felbrigg WAkt 2 200 % 4547 e A K TR A A W) 5 251 B AR X
CHY A K ZET PR R 32 2@ Fh P. pectinatus, P. pusillus, Z. palustris, Chara F1 Ceratophyllum 2: K 753547 (55045 5 . Sayer et
al., 2009)

(3) 1950 LISk B, #5904k LA Zannichellia 1 Potamogeton Y, {ERYIMLA & &
W T AR FEAIS, W% IR 15 78 o 08 N 1% (B 7.31c-dD . BERTTIRKIE, IR S
KA AEKZE . 207K Z. palustris & B 75 S 77725 & A = A AL R e A
HiAEK (Barko etal., 1986), St 20 20 LLJS Felbrigg 346 BB B 10 & & - b kadh, 1%
I R R E R (E 7.31e).

7.6.3. 3 Kk B5 "C M F
DU “BRPE RN At i 2F i T B — /N XERR (Olsson, 1986) . VA TTER Y+ i feh

RN — SR AR R KA A AT LU TS 1C AEARIIE  (Hattehéet al., 2007). ik
FEEA R R T B S R R AT A #, AR A T DA S ““ Bk P 24N (Wohlfarth,
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1996; Turney et al., 2000) . FATT X —LERAAEYIAT, WIZKAEBEREAE S AEY), BRUONAHL
B 1C K AR R RIS R TR T A 5 S5 C 8L = (Deevey et al., 1954), LA KL
T BN SE (K 1C 4RI 2 Sy e, BIFTB 0 “ B e 2580 B “ /K 28 7 Ténqist et al.

(1992) HF 5t WA F /K BRI B AR HEAT 10C MIAE I BN “TRPERUS 7 5155, BRTZR
Tl A Ko AR TR B T E ISR IR . 9140, B Potamogeton spp. 1 Nuphar lutea 47 *C 4R,
T P 2 S JE R B & s 1T Y Nymphaea alba FRill#3 1) *C SEACRIBE A AR — 3. Rk, |
SR M A TR B A A 34T M AN SE , A AT RE SRS T AR K IR £
£ (1 Barnekow et al., 1998).

7.7 BAshdALH

7.7.1 88

IR T R0# H (Diptra) #2I50E} (Chironmidae) Edt, E4BRCAIDARL 400 MaE,
RRKKESRZGPHERZ MR, JUTEEIAMRKAEE (Wielderholm, 1983). 7E
AT, PRI R A L e KA A 5 . TENTUB I &SRR (K
7.32), FRISCA: i A AT O o0 B ) LAy B )8 sAE 7K A b B, Ak T 58 = R0 28 DU it A P %
WHHRE T IUT HRNSLEE, o DUREFhAE KR R R A7, 5 THEEUR 4 (Walker, 1987).
AR RIS 4y 2 BT 22 R B AR A 5 BB, FehVF 22 PR ine &) s ) A A R A X 07 o BRI
(RO AE iy J 0, A s M i B R BE AR 4K (Walker et al., 1995). FZISC A 51 £ &) o 2]
Ba KB BRI ARV B AR, KRR EL M PR B A L B R WEALRRAL .
I Sk AT AL 7K P B S5 ) 2 850 73 A A 1) 2 R M LT e o 2E B R 5200 (Brooks et
al., 2000).

K 7.32 AR AETE S (Borror et al., 1976)

Gam - 1927 4 & N P R el SO AL A 1 S B bs, s B2 B4 80 4EAUK,
PRI A AL A A T o iia o AR AR WA E B IR R AL . 20 tHEAD 90 AEAR
PASK, PRILA) HROA AR I a3 B Tl S s e R, AR SR
E IR RS . REE YT — RIREAE S R AL, BRIUE A ) A AU R
BRI R R FT, CLA e 21 e (Walker, 2001; Brooks, 2006; Walker et al.,
2006; Eggermont et al., 2006; Brodersen et al., 2006) .

7.7.2 LW AT 5EARRE

MGTAR ) B B S5 4y HRO AN A 1 SR8 =5 5 kA A [ e AR #E - (Brooks et al., 2007,
Walker, 2001). B 7CKEFE AN 10% S AW T, 78 75°Cm#k 15 %05, 1 212um
F1 90pm BT, JEHGRIREE SR PR R N, 1E 40 58 N B RR k2t
FRIEDTRE IR DA S 75 5 A Bk R B SR , 38 T UG P AR 75 8k s 30k i R 55 0 V0 e
fEAL3E (Walker, 2001; Lang, 2003). R4 A 3 B e Ve, AN R B9 75 a0 Bk i Sk se
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Jve Wnkkiz Al Euparal £530 7 SR A S, WU EE Bk ORE S AE 100 %6 154 257K 5 35
Js WSEER Berlese ¥ EL Hydro-Matrix®25 KA E I M vy T DLBRHk 1) Sk 7 L%
B e ke JEAE 100~400 5 AEY) BAEE FRT S E, AT ERRAK, R
TEOL T AT 55 B K 58 BB BUEAT KRB B R e T N —A, KBS0 D, AR —
FWAGETE. PIRAE R g WAL A Gt B bk 50 el PR Al du @ A e
{4 Wiederholm (1983), Oliver etal. (1983), Rieradevall et al. (2001), Brooks et al. (2007)
FR P SRR o BRI A HOTEAR A () Bt 2 I8 RN EE 7 M S e AR R (L 7.5 79D,

773 BRAESIEE R PN
7.7.3.1 B 58E

IR A BV A A HEAT I 25 A BRI AR A0 1K) 8 BRI 70 A2 A AR [ s B3 % ) — A
FLH R (Walker, 2001) . £ 7€ SR FL AT Z 2, T FE 1) B i o Bt a2 AT RO ER I 135
W FLAAEX AR TR T IR RN BRI AR BRATLBE (1) 32 35 820 (Brooks, 20000, AT 7F K F 2R
B B2 T BRI AT AE R LA (Walker, 1992) . 38 i3 X1 VA 2R 2 DR PR 2 I 4h B AL
FREE MHA A5 E ZEKIRR R 04T, FHINACE3 BIBCE) - fids /N — iS5 AN ]
HEET7E, Walker et al. (1991a, 1997) FEJIEE REAL | HMELC-E TR 2K,
BEJE, — RAIFRI-E 23R 2K 3 R B A 7L TAEAH4R/E S5 2% (Olander et al., 1999). i
#it (Larocque et al., 2001). /& (Brooks et al., 2001) A11k3% (Pofinchu et al., 2002) ZEHh [k
BRI, FERIhH N TR e EE AT (Olander, 1999; Brooks, 2001; Pofinchu et al.,
2002). HITRE/KIRERZEL —RMERS, VF2ENAGESINESE, KX E
J7 A A R B TS AN, IR B pR A It R PP AR R . A T R ORI — TR R, R
7 HAF AR, PRS- 2SR bR BB D ST B R (Lotter et al., 1997; Olander et al.,
1999; Brooks et al., 2001; Larocque et al., 2001). MIX3 EFH, N IF 58 a5 e = E
AR T 2 48 TR AE L SR ARG o 3000 3 KA AH S BHF 7 2 B ) FH e e 8 B 2 e KO oy U fie
FIEEAL, AN RE W I A8 T ALl 2 R S A T R RS B2 () IR FE AR Ak, T ELVE 2 /N B B
Killarney Oscilation FJZEA F 4115 LAt K B (Walker et al., 1991b; Levesque et al., 1993). i
IR PURR PR ASEAT B 75 4% 22 78 B Whitrig Bog 8B UK B iR B i 45 B oR, iR Hh 2k
kg 22 0GE I R 2k TG, ARAgR T aT UGB, DK 3 & AR 1R B RS fige A
HEIFWIAC S (Brooks et al., 2000) (/& 7.33). fEFLRE 2 PG LA Hawes Water i, 25181
FIRE IO TR B, HE S B VKRR S TR | R Rl ARSI G, XA RS
Phdsk 7 ARKIEIKEAR U434 (Marshall et al., 2002; Bedford et al., 2004). Cwynar et al.

(1995; 2001 3dH ik xof 56 [l 2 PR MM AL HT 27 A A 7R M SRR IS AT i 98, R IRR I 7R 1 ALk id
ST R e S B UK IS 3, Bon T RIS IR B A L AR, At IR AR
A1) 5E B B AR AU T U632 B0, (HRH PUR BRSO S 3 T3 ) A R BE e 41, HOHE
JE£ S U R KBS AH G T RS 2, X 32 B2 DR Dy 2t P2 () 0 33 Bl 5 R I - %
e oK B HEAR R 22 LU o DA, Al tHR e (0098 8 DA B L 38 1 8 R S B G DK S B 5
132, BIXHEIZK LA S GUAR P A 2 1 ot B A ORI A S B2 ), It AR 52 T I3 A 16 DK 5
BRI N AL R pH KR E TR RIVA A SR AR IR S0t R IOR 1) 52 1 ] e BT
LSS S IR 2, AT 95 1 38 R - 52 % 46 R B RS 2 (Brrooks, 2006) . R MEEERCK,
{EF P RR A0 e B EE R A B R B T T BAS 7 —2Edt @ . Velle et al. (2005) XJ#j 6 /N8
THR BRSO AT 1M, 133 7 XS ) 3 iR B A it 2 . UK BORINEALHE A &
Ty L b B AH SS9 38 2 B R e ] RE SR G M E I 2 IR A2 {6 (S S (Caseldine et al.,
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2003; Dimitriads et al., 2001; Rosén et al., 2001; Bigler et al., 2002). £ b3 AR ) H g o [X
AU 7T A 1 B (Palmer et al., 2002; Korhola et al., 2002; Langdon et al., 2004; Brooks, 2006;
walker et al., 2006). It4h, 7EEGHLILHS, Larocque etal. (2003) FJF I E AR EH S5H
Bl 87 F AL I BERMEAT T X EE, 45 S BRSO /N i BE IR AR R UK, B
A A B R A R R I )

K 7.33 PRACEE #7544 22 AR B B Whitrig Bog HEVK IR FE 480 5 GRIP yiGES B Zid sk I EL
(S ARFKIKBY, 1s RFRAKET, YD AREF A AEM, HARREFH: 65— 1, 6T —1, 6S-2 ¥ GRIP FfLFHEHLE >
HE; vedde ash AT EEMKILK. Fia k2t LOSS 1. Johnsenetal., 1992; Dansgaard et al., 1993)

7.7.3.2 # 5H K

35 PRI R R (R AR A T P 7K -2 R I~ i Uk . T — e RV (0.05~300g/D
[ 85 MR VTSR ISH A AE, Walker (1995)%E 57 1 3@ F T+ 115 K G 0 3 B 0 ) 42
-6 FE A M RO Y, JE SRR R T AN [ B VE I (Heinrich, 2001). 2B B 1 1)
S T2 X YA VK S5 B ORI Eh FE BB 4 (Heinrich,1995; 1997; 1999; 2001). 7EAE,
Verschuren et al. (2000) R#EH JE W 45 ANHIVHH IREEC AT, EEAL T — DM RRI-Eh 3 4R
B, LA —AMER AR iZ X 57 (Merschuren, 2004) . FFZARRY, SR 38 K)
EhEEEAL I FEAS LA B8 (Verschuren, 2000; 2004; Eggermont et al., 2006; Krépelin et al.,
2008), 25 5L 7 RE o A 1Y) R R o EE A 1 SR R AR AR A 34 B SRR — B (Verschuren, 2004;
Eggermont et al., 2006; Krépelin et al., 2008), #§# 1] 950 UF . 3 [ 55k =1 i DA 2 P Ak [X
IIATAE R A2 R ) P SR s R A K R FE AL T IR K . B A1 R v B T 4
I -3 FE R R B O 2 55T (Zhang et al., 2007), B NiZHb X K IH1VA £6 FE v A 1) o B E g
Ak KSR AR A IR TR .

7.7.3.3 #E¥ 5k

IR, WHAREFRE . A THRER K & A& SRt a BV KR,
Thienemann (1921) i F3HAT THHCIAF AL TAE. Lthad 90 ARk, W2 AEEIIT
I FH AR s B ) R 4 e S I AR R (A [FC &R . 7EJESE, Quinlan et al. (1998) % 57
TR R s A O AL A B R K S A AR 7 Quinlan (20000 R HAE# (Hall, 19993,
1999b; Clerk, 2000; Little, 2000a, 2000b)> 37 F #Eisc 4l d VA A7 A 1IN S K M AV i) &
FRAL P, ERGM, Lotter et al. (1998)A1 Brooks (2001) 43 27 1 B - DA K ek 2% b Fl
R R R SRR . Brodersen (1994, 1997, 199) M7 T4k 5 P21k /K i B 77748
fh-rt4 R a I B 715, FRRHRIC S S FR AR K 2 AR Ok R IR TS84T T 1834 (Brodersen
et al., 2006). TEFREARFBALILH FHEHLIX, 5KIEFESE (2006) HEAL [ RIS 7K S 4 Ry
i, T I AR L K S B AL I R (P 7.34) 0 [R]— b X BRI ek A 6 bR
s (Yang etal., 2008), A AN AT Fi5 bs B a2 45 A ISIE SR 6L T T RE.

K 7.34 S ALR B & 5 S E E
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7.7.3.4 #FEI H5KIK

) PRI AL A S AF FE I 22 KA AR FE B B g -8 (Hofmann, 1998; Korhola et al.,
2000) . HIAZR Z DU PIAE S A 2 S0 7K TRt A2 S 37 45043 A 1) EE B TR 25 22— (Walker,
1995), FESF LWIVARR I AT A A 3L AL -, Korhola et al. (2000) 37 1 RRIS-/K IR 4 bt
B, Aib R B IR TR R, KRR A, IRMEX S 3 I RN, T
HACKMHEFIRZEUESS, RAAERNHKALE BORE SIS LN RIS KRR R A BA SiE
RN BT RN KA AR R R 2, PRS- /K ERFE BRI L P sy
A RERR A B IHE T A5 R o T EAR T RE S I A B R R AL, AL R AR Y
REN T X B Z AL 5 i ie AT HE S . B Hofmann (1998) (AT 1A N, BUE VR
BT R R 0 BE S B8 (L 5 A RS TR B B % o BA L 3R W ZKRHE SAR R K S A — 2 1=
PRYE.

7.8 i

7.8.1 iR

B 2@ Te B MESh W15 I sh 1] R 52 sh 4 A2 SIE M 0L B A A I E o A5 A 25 B il
FaAN, KA, K- RAED 1Imm, DEFSARKATAIT 10mm. B4 PR3
PR S, A KERNRAKITRE X, BMEMERIFE, BUKXFREAANZ, (&=
HAEAIR K o A FEF R ARG HRr e AR5, AR BIR e KIE T, AL /KAy b,
A SRR B ERIAYR . A A ADER Lo Ak, REBMAISKE. Bk, hE.
P 1 5 TR 5 DR 7 (19 3 3 BB AR Mt AN R] - R AE A [ 7R3 AR T b e VR AL (9%
3R, 1979; Jeppesen et al., 2001a).

A RAE AR KIS AR TP A T RR I 72, X 600 7 R 55 0 DL AR BE T 5 1 P R 2 A8 T
B, BR T —Lehb R BESS IR, R ZRURRR LT AN A REAE TR LLSE . SkH
JEMEHE R, R A B AR TE AR B ORAE, X SRR AR REAE — E R b KA R A 2R
TR B AR FEE (Jeppesen et al., 2001a). A EXIACE AR 0 A0 EEEE. i 1h2%
AERFEEABIER T, win] AR TR R A R R R % RS FIESE R
ST 7 5 B A BRSO IR R SUE AR bR, BRI T, ARG TR
PRI A SRR, R0 R MG, 2R G0 1 A 5 R 2 R S4B 1 AN K 22 (Frey, 1986; Bos et al., 2003).
HILA PR TR ORI, BB 25 R S E 2 MRR TR E R, R
B A 2R A PR s AL E R U SR i R LI

7.8.2 SEWE T

AR 2 AR IR IR A A T RS 7 A R TRk . B 0 280 36 23 BT D7 V2 A
Frey (1986). Amsinck etal. (2003) FIN4H. w5k, WIERMLAFEERE, —MH 39 E4FE
i, 10% ) KOH ¥ IR I IEAE 60°CKIBER TP INF 1 /N, DLRBRENUR. FEMETRS,
= RS UEM (80 pm) FEATIEYE, SRJSHGUER E sk RS BB O L, N 1
WE[E e, FEEZE A 5B 10 ml. REERECFIR ARSI, TESE BAE N AT MRS
T
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BB (1) 55 8 EERRAR AN, v 25 A — L B A SCER (Frey, 1959,
1960; Brooks, 1959; DeCosta, 1964; Goulden, 1964; #4555, 1979; FR3ZL, 1990, 1991).
FERI AR B RBMA LR e, e, JEREEE. Sk . KRR P A5H0 T B R AT B A 4
€ Hh Bt R B R RE AT DA B Sk LB = AR 7 AT %00 7R R R REE 1 S E
B 1 Sk UARHE, B AT AR SE R AAAE 5 B X KA G S i S g R . 3 B 88 & U R AR A
FTNER . R NSRRI b e R R 2, 3 BN FARIR O 24T 4 (Frey, 1986;
Jeppesen et al., 2001b).

TERA A AT MR, T3 45 SR SR G Rr RUBEAT RS E, WAl 4 e sl sy 7o i
THEHRH S EBREL 2, Sk W Bl B RO 2 M BcE . AR SRR 2D
A3 100 AL, DABCUMNEGE G R 2ZE

783 BHERE

A SR 18 P AR 3= B AN A0 = B2 W b 77 23 o AH = BE DR i Hh M G R A
KB E s 40 =F BEAR AL U0 BT & R A 28N CRAZ: N5e T B BY ind/g
dw) (Amsinck et al., 2003). [&] 7.35 [E]IfF1%¢ [ VEIB A FLUTRR P b 1 SRR XS = B2 A et =
FERE AR BE AR AL B 00, e rb 4 ok = BELE 24cm B3 (0 20 A% Ak 22 B SIA 148 A 77 1 1
FHog AR, MAHXTFEEE, Bosmina spp.tl— EA2LAM, £ 12cm Pz 4 Chydorus
sphaericus ([RTEA R A0, RUNEM/KESME R AE 7 H KA.

7.35 JEHITTAR M R A S BE ORI BE RO AR AL
7.8.4 HARAESRIEEEPFRINA
7.8.4.1 MAXEERAE

Kz 28 RS 2H AN 20 A SR S35 A5 (Jeppesen et al., 2003; Bigler et al., 2006).
Korhola et al. (2000) [P 7T BAAESLRRIBITE, B 2R /KR Z 52 M A A REE VR At I B
TEAEER T Lotter etal. (1997) s S A M 2R 5 AUk 2 R B 8 KT E 2k, K
DURL A28 2 e BB A SR R Ydabr . UL ST TV AR M2 5 B P35S
IR EHES AR (Lotter et al., 2000; Duigan, 2000). JAb, SUEAR 2 S HE 2R £ kel
FFIR AR )= BEARAY, AR IROK A i M 2R A A PS> B DR JERR R S35, B4
BRI, AR IR S BB A SRR BN (Korhola et al., 2001).

7.8.4.2 MAXEHE

EhFE AR AAEIR RFRFE Fsmn | AR 3 FE AR . anBl SR FEEIIE K, B2k
FE2 K (Boronat et al., 2001). CARFTERM, MIBHEK H LLFFEREYI N 3 R B # (1%
JER I SR R 72, FBAEVE IR SRR T 2%0119% 7K K # Hf (Carpenter, 1993; Jeppesen et
al., 1994); AT /INHIAS A 0 (B T4 v A AR v PO R 1k, L 38 T DAZE 3 2R R ik
56%o (7K AR H AR AT . e AR T AAIE . KA G 5k R AN AR . Jo il K = i
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ShYEHAEXT L2 (Aladin, 1991; Wolfram et al., 1999). K, HEIEE A2 A HEFAME
F AL, RO SRS AT R AHKHE (Amisnck et al., 2003).

7.8.4.3 HAXEERAKF

WIS FEACT L 2 BB A ks 2R R B - B B E R A5, A
i, FIAB AR AT AR E IR E R L BB IR AR ] FREEAUR &
Fagh, X7 IR R %, 1 Boucherle (1983) HEHEVTAIM T G S AN 2538 1 15
KA R N R S R BTS2 1, & B IR BN AL AR KA G S, LA BE BB R
B0 9 TR AL 8 TR KT I AT SR S 3 SO K B T SR B T A,
A SIEAE FR AT AL S . Shumate et al. (2002) FFH TR i /i Ak 40 4L AR
b, HE T B Apopka WIE FREMA T, BN HAE NSRS I, FAREE
KA TR, Apopka i T “ AL AR HILA I “ERANH 7. Liu etal. (2008)
T8I0 3R E = B P — IR R A R A B R 7 (B 7.36), 15 H B AFE B IR IR
L. leydigii  CHLHFI KRR, A. rectangula (FEJERZER) A C. sphaericus (FTEELIGRR) 11
F A 20 thad 70 FEAAR ARG N, £ 20 th4d 80 EARH JE AR, RHTANIE
Fr K IETE [ I R A AR R

P 7.36 TALTIGTR M A 23 B R VTR AR BE (A8 £k
7.8.4.4 ¥ AEXEH AR

WA TR A2 T 8B M R I Fh 2 FEVE RIS B2 R B, I 01 BE 5 10 34 Fh g i 2 e 5 4R
(Paterson, 1994), Barmuta et al. (1990) HI#f5ER M, KZEH AR pH KT 5 BF27H K,
EREUR SRR T AR B R T R RS i, 7R LB A SRR SR N e I 22 O B
BAE pH AR T 4.7 LTV 2% . 245104 Hann (20000 A 7845 AR sE . FEWIAIR IS
EREE R, BARa g 5 eV ettt . miEs T4 8 70
(Battarbee et al., 2005; Charles et al., 1990; Renberg et al., 1990).

7.8.4.5 ¥ A X5 AKMY

UUKAERE A E TR A58 . AR BRI oK AR 2 B B2 S5 06 spm (AP,
1996; Jeppesen etal., 1996). > & T UKV AR (EEREIEED BIAa T L
TR /N UUK MY 78 55 5 1784, Iy B @ PRI B e PR gt E 5. B4n, Thoms et al.
(1999) FIFH AL F1E . Mm% 5 R SR AR b, SR T R 2 ~F i dh X RR
I BRNIE LR T KR AL UL S KA S 77 & B2 i id 72 Amsinck et al. (2003) FJ FHFEAR
TR B A A0 s SO T ORI 7 76 FE AR AL .

7.8.4.6 MALEE XA He

£ 2K A] LB A X — R AT 28 (Top-down effect) i 35 7K A4 i Hu g A= W i e e 8 i
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TR K AR AR 25 R GE IRV 45 0 L FLal AS I R =R 520 (Carpenter, 1993) . W6 i P 1 25 1)
SINBECE TG N ] S BOR I AR M R K A, T 51 R e TR A R AR R
FEIBEIN, e ZAT45 L/ N RV A RN R BRI 1) A SRk (Carpenter et al., 1987). Xl
1E3CE (2002) 3@ AR AP & PER A RF e sh ) (B X R AR I, AR A m
I, KRB SRS, /N AR R S BB ENIR S AR A EY =R
IRAIAEfy , RT3 BER T R S 388 ) B T R 2R A A 2 1) 3 B BB IR S8 5 JR
HEFFIR. Liu et al. (2008) I8 PoAlEITTR S SLAOE A R Al skt (K 7.36), &I
20 20 70 FEARRLK,  DURRM TR AR BRI IR A AR 35 Fh Bosmina spp AHX /D, T4 Y A/
) B. longirostris cornuta (24 M KRG S0 TITRGESE . iR¥E SCkid s, YO AR
SIHE TR AR A TR

AR, BRI MEEY) A2 — 2 e Eih, 0 Jeppesen et al. (1996) il
X FHE 30 AMERAKIAR ZUTRIIR AR, s T H S mR AR A R
KR, HULES T & 2 RS 5. 0L, IR DU R 2 #E St 2 f 2k
AT R — SRR R, A TBAER R AT 5

79 4

H

*

7.9.1 MEid

MATRIE DGR 522, BAEMAFRK — M 0.5~3 mm, H 520k lAREE T i A 4Rk
FEWIAH, AT R —MAEIETE PR B KA, fEIX RIS IR b fR
175 MAERRME KRR IR o HAS L SR 2> (Holmes, 2001). 1472845 & R 1t A p: AR
FAWAH, BT SR AT I S AR — B REME AN, RIMAR TR O ITME A 5 5 9 1 2R B ) M
T PR AR 12 52 AR A I AR5 5 40 %, AR S P P52 iR L — 80 — MOk P PE B B B B
AREME X o k. MATIABLFR S, ARG AW 7~8 K. NMTERAFE
A FAZ IR, WLAZJUVEARSE, ERXZHE TR, BUA iR
IIERAK AL K Z= AR KK FR (Delorme, 1989).

SHEIAMIAEY —FE, MR AR GRED /KA EE (B FIRE. pH 1H.
K FEE. BRI MAERZMS UKD AR REBUR (385125, 1985; W illiams et
al., 1993; ¥4, 2002). FET AT AMALERE, A TEIAE A A AT 7 A ) B 22
PER OB, JRg AR E I s AL ISR SRR . Ak, REENTER
PARAE R WA R R TR, CLE T E AR F B &, RIS A T A A5
Hid, O N EMRR S BOR 2 E &P Be (Forester, 1986; Smith, 1993;
Mourguiart et al., 1994). EHF 422, MR AH TR — N EERE, MENTEHKT
PRI ERAL 2B 5 T, BAEA AR FAL R (P00 At Be/e). mETE Ot
Mg 1 Sr), BT KR S H 3R ARSI e B A E EHES (Holmes, 1996; Shen et
al., 2001, 2002). AFTE KM AT ESHRITNE, A RNTERFTARR IR A0 7T AT
%6 % 6.2 fll 6.3 14,

192 MRS ELE
WA FLUTER Y, TR SRS BOL FE RS0 . TR 0 fft . TOkL o e FNBkAE (4%
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#) K5, 1988; Holmes, 2001) . HIERIEANE, HI—E 2 TUIRY GEF15~309) ,
AR B (—M2~3K, JerERRIER R o 2R AXUEmE fise (EEmTL
ZN1mm, BI20H/~F; FJEFL4£0.061 mm, #H24F250H /~1) o Bt rFe St T
VE - JE/KPA K80 CL30~407 4 kT /5, ZERRFERL BRI X H BB N TR A Fe iRl AT 52
o ffa, X 5etk 5% XA K Ab BB A FH 8 75 g AT ML A 38, s e AR R s v )
T DA TR NS EAGE, DUAR R ST BT

NT TN TR SR AR i, A DB BRI R A T A i A7 R EE o« KA
IKRIZVURY), — AT RS AR L8 REAEFE i FIRIEEIM (FL42 250pum)
TER KT R TR I B, RGBS, 2RI 9006 /) 2L WAl i 240 S8 3k 47 [ e A1, LA
fESRIG M. A RIUREE S IBhIE . TRAFAIALIE 7%, V15 IHolmes (2001) HIHEIA

IMTERAAT 2 0E F BRI AR SNER RN SRR B B LA G HRlUREENIE
B WGHHER BB GE8IT4. BBEKRR. BHELWES, HENE., BHE
T TE B S R BRI CSERHIE . B H AT TR R0 o0 B FA AR X 5055, PRI %
AR DX Y P R SR (A RS, 1962; Moore et al., 1961; Meisch, 2000) , LA
Holmes (2001) 21 H %1 B 1 AH 9< STk »

7.9.3 ArTERAEI S E & T I

SRS A ARERAL B SRS TIRENEVIRR, EFZHd,
RN A T SR eI R IAT H W5 ARSI R E . SN TR RAEK
3 R EEAVRARARAL T3 T VL AR T ZE A 2

7.9.3.1 M EX 5 KET

IKIRIE S T 53 A I B BRI R 1, JCHAE KR ALITH - Mourguiart et al. (1992, 1994)
T R 4 Altiplano Wi TE R A R A I, TEARFRIFRIKER AR T, RS AR R
W& RIEN TR G AKIR R FE R %, B T Titicaca 5155 DU 28 1 /K AN v K AL 284k 1) 1 e,
HAEBLIERE |, RS T KA S5 K AR R 5 R . Holmes (1998) It 2 S FSERH ) A FEE 2K
5T, &I Cypretta brevisaepta F1 Candonopsis 73] SR /K FR /KRB AL, FHRIHIX—x
REE T ZWNESR KRN L, ZE R S IR ARG 5

7.9 32N A5 ERBTFRETL

AT KA A B R R 88 . AENTEISHZERE T, 2422 10 R 5 TR A K AR s
A PR E T EARETF TR, B A2 TS m
Sl ZE R BRI G4 5 (De Deckker et al., 1988; Holmes, 1997), B, MR AIET
) A R B 9 B R AR AL AT DA 7 /K SCAE R, 3 T s by DX A A 380 P A8 ko 7E B35,
TS HARA TR A AR A 22 B K = A A, Smithetal. (1992) iZHGHHFEL, 2
B T AR A K R R A A (B7.37) .

K17.37 R38N 47 E @K Tb 3 Minesotadt [X ENKI 1A B2 #h A ER #h & B2 (1 A8 4K,
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CEI S22 2 B AR A 22T RS P, AR IR R LS A R, Wi & B AR .
(Smith etal., 1992)

TEFRE, RSN A A AT 3 A I 7T 2 45 A0 T ek B Hb X A pE J T 21X
(Sunetal.,, 1995; ##%5, 2002; XIMRIEEE, 2007; #ET5%, 2008) , {HXIFFEEEEEEN
WA I E. HE, Mischke etal. (2007) 38X 75 78K = Ji 5 350 145 AN 7] 3 5 R0 A= 455 2 14 i
AR IR TSR IR B () A iE e (B 7.38) , 87 T A XA 2R 6 B A B8 IR Y
Gtk R, JERAIMBCEIEATE, B RKES TR S SRR, S
(R?=0.71, RMSEP=0.35) 5} 5 [X J& T~k 3 RIRR IS0 2 37 0 6 60 B B0 AT AR I 1A ol Ll . R A%
B R B AR SRR, EXRT T XU, IR T i e = R T SR H R RV SR
fRft T — AN EENAE 2 BRI T B, I TR RS R T A MMER MR AT

Ry
%'fl:ll%»o

K7.38 i RMAR Z ORI Th EEAN B R EMEE R (RS FREIR) BRI (Mischke et al., 2007)

7.9.3.3 B X 5k AIZ

TEIE A X, WATE AR X TR FL A A TSR A e sk T WG AR R Fl AR PR B A & A
s B o FRIE X T TH T 70 R AR R 2 GRUURPSAE, 1980; XIS, 2008; T 50%%,
2008). fFll, F5msE (2008) (KIS 2 MG FLA L M it 58, 7R TiZXM IS
BB LR T 2 IR A s XIFFESE (2008 ) 38 I 5o BRI = A1 33T 11 B3 45 FLITT AR
HH AT R TR A PR SR 7T, K 5 DU 20 PR B8 A ARG T T 3 5 RS (g 2 1 R kAT T L
5 BRI UK 5 MR P46 172913 400 a B P; 9 000~4 850 a B PJy4x i i (2 i 1], bk
W R A T7 500~7 140 a B P2 JA); At B LS N Fraig B 11, IindE F 3 o, A DR
AR b = AN AR

7.9.3. 4N EXE5FEE

IR EKCHIR R, WA S R (KRR RORED A8, (HE
A EHE T AT DUE A TR SRS RO R TTR S . Martens et al. (1985) W\ MR FE R
M TERA IR KR RKAA a5 AW, RS AR ENRE &%
FINTERI— N EEREK, HESN TR SRR A B . AR A6
X, fiDelorme (1990) I TR EHE, AL T AT 5L 1) k%0 Forester et
al. (1987) @it/ HrEE T % 8 TRkt X R E KA P AR AR 7 51

7.9.3. 4 AR
M IEAE T BRI TR 7R g, T O dE AT ARSI A i — AN EE AR
Fro Holmes (2001) 7 [RIEiALE£5 M TEIRA 7L R I LAl b, XI5 E M TERMA BT iR T

TARATT A Z W, BARREUN LT O EEMERDRRS: OMmIINIE
RS ICA R, LR X TR B s O 1 3 2 AT BN A i I S 45
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@ BEIRANTT A TE A58 [F) R 2 AN Rl TC 2 1 I 9

7.10 HAt A A

Wt WA R ST TR AN LI HOR B BT AL A e, VF 2 3 e s AR AE S22 X
LWV R, FAR AR BAFIRE SEAE DU R TR O B, e AT i o AR AR T A
EE PR AU 2 A B E B . SIS E 7 BN, R A 0 I T EAR YR A
FRAL AR SRR, R ARG AL T AW E 2 . ST, FEE X e BT R A
AR FIR AR IO T, EAHE A SIS AN A E o (1 2 ], 2
N T TR RS XEHIR RO AR R AR L S WOKIHELR . .
AR KB BT H AT LA TSR e B K2 AR T
J&, #or T 1SRB A Tt S MIRUTT R AR IO 7L, a0 52T A (4%,
2009). EHTREMRE], Joik——vedindd, o E AU R, BB, RN
IR YA AEBAA BT 7C b S A AR Tl 22808 (I Smol, 2002) (114625 N 4 iR -

7.10.1 JEHDKY Y 8325

FEAUB RS, BATHE HE B EAFRRIRMARCA, WsU 2SR 2R, KR
s, mTHARBHCRAERZ 7 RPEAET I ATRR (Van Geel, 2001), HfE%E
SE ST AEAE e, (B LR E vl BE A A ETIR bR I 71, W] DSk I FT 4R
BN e B AP — 2 WSR2 4

7.10.1. 1 2 # A} (Zygnemataceae)

XU R TGS RE AN 22 RGP THROKRZDIRRDF, SRR Ais)
FE S SR A . I, BB (Van Geel, 2001). AEFEHD)Z AR R TE I 2 HLif 1 BE,
ZRHIAA 12 NE, tnEE i JE Mougeotia, XUE & Zygnema, 7K 407 )& Spirogyra AR
J& Debarya %5 . RUE i RHI T R38R B XHIE U 5 AN S 785444  KIRSE A ¢ (Van Geel,
1978; Van Geel et al., 1996).

7.10.1.2 & 2% (Pediastrum)

TR R UPIR G FR G SR R A, e AT O A A BT A HE — AN BRI S/ (Nielsen et
al., 1992; Jankovskd et al., 1995; Batten, 1996). #% 2 #E/2— N &M #E2% (Batten, 1996), 4
W MEEIT AR R L, AR E R EE . TR, SR A IR ER KA
EIEIRMAD pH B AL A TR~ & . T Crisman (1978) Ay B i@ i A K AE /K B
BEFEHIIVAY; Cronberg (1982) WIHEAL B FEAVE AIH E & FEL KIFR R

7.10.1.3 ¥ #EmE (Cyvanobacteria)
WEER AN B T AEY, Hoprnr DAFS B S G b 1 i 9 ya Ayt 3 AR AR AL (van

Geel et al., 1989) . 7t vH UL AR ¥ b & & tH 0 Tii i % J& (Gloeotrichia) « W 22 3% )&
(Aphanizomenon) F1 £ JE 8 J& , A T i i J& ] CAFR 7R K AR R 1 AR K DL K B0 R /K IR 858
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(Van Geel et al., 1989); i ¥ 22 i J& Al 2 JIit 5 J& 18 2 5 NSRS AN E B TR A % (van
Geel et al., 1994; Findlay et al., 1998).

7.10.1.4 A#

KEMAFNA R TRE T B TAEERT. A, XSelET2RIT
VeGP, Rl T T A T B2 e s = b o AR iR b, @ E AR I
R R I2E . ELBE 7R R 2 HUE B0 F UTARAE FL P AR b B PR T, BB TR 0 B 55— MRt 4L
. R R, R FORFE A E A AR R R F ORI 41E . Blhn, (E3Ef T
R, 7HE/NEAFLFEE (Amphisphaerella amphisphaerioides) &4 )& (Populus) (#2574

(Van Geel et al., 1981). H T @M IRMEIRAT, DRI+ 25 /N B fLoT B #E A1 I n] LA
R MEAEAE. B (Ustulina deust) & —FP2i LR, mI5— S Fiand A2,
AL HEL REEH B KT X BRI S5 A TR B R 42 o (B EE TR 1) B 1 % R PR B AR,
W RA K, HORB A BGAFEDTRR BIFE S R AR I (van Geel et al., 1988). ikl
B J& (Neurospora spec.) A HGERRAR K S Fi5 7~ 5 L (Shear et al., 1927; Dennis, 1968).

7.10.1.5 ®%©

b bR WIAEfR B A A, #eHL. #4# (Botryococcus). ULt Wukik 28
TEFING 3 BT R B e XX S A A, H RIS S D VAN I A 28240 50, (AR R IR 4R bx
PInl e B R R . B S0 HAbtb a2 S e RS ISR, MR
BEARER LR B o

7102 &

7.10.2.1 BEix

SR T SR BUERRER, B EIRAEY, MBI EFFEY) (Sandgren,1988),
TR A%/ H BB AR R S B o i 2R AR S P S B K R b, {H DA B E 7R 103K
KRR B (Kristiansen, 1990; Sandgren, 1988). 7E 71 FE ALK AT, &t &
A BTG, AERHEE A LElE T T 20 An (Wilkinson et al., 1996; Lotter et al.,
1997). fE = R E B & B IR /KA T & A TR L H 8 7% (Duff et al., 1995; Sandgren, 1988;
Siver, 1995). FERKPNAIILSE, H 20 thad 70 FEAREHILISKR, S COBE N —ANa rfea
EVFRRR, BT ARSI ISR EE. A, ERE, A SR ERT LR
H. FHZH Zeeb etal. (2001) MIHIAR, XTEHEEM 52, LI L IHLAEAR ST E @
[ AR TN 21

7.10.2.2 &% X 5RIE5H

BT AR BT A, LEDTARY 32 BEDUE A T A S B AR JS TA H 3. J& 1Y
I RRGHTJE v MR A Y . HJE 2 285G K. Asmund et al. (1986). Siver
(1991). Takahashi (1978). Kristiansen et al. (1986). Sandgren et al. (1995) %%, HL.ZE[1)
%oE BT R ERE AR FARTEA . AFFS0 RTEESERME, FEMEE TSI =5 AT
ik (Duffetal., 1995).
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S S EE PRI SO VA S R Y, B, JE AR R, BdEr
FiA T R EZRAXFLE, RISFE F & B S B AR e . DA R HEp . 3 o G 3 S )
By te AN EG R A RS B 3CE AR, DS S A 2 i) ) 4, ik LS
Siver (1991). Cumming etal. (1993) ZEf{Hiik .

7.10.2.3 &R AR TEFHEA

SRR ATIA A AR P S bR R UG T iRl 30 47, BAZF AL SEEAIINEE KE T
Yt 5t A0 (Smol, 1980; Munch, 1980; Smol et al., 1984; Battarbee et al., 1990), iX4bF
AR TAE £ EAE S E ot pH AE B B IR R FH S5 A i e 37 7 TR 96 - B D 1)
N FH S5 2 R B AL FE A PEAE (Marsicano et al., 1993; Smol, 1986; Dixit et al., 1992;
Cumming et al., 1994).

EFZHAt, @8 KEECR O SEENER T HHEME (Smol, 1983;
Stoermer et al., 1985; Harwood, 1986). fFl{iE i, KSR E S EF FEWREE S
A, RUONG A a8 FE R KR TR 55 4 0822 (Smol, 1985); TEM il v Z LU AE M F T4
DERUK AN )48 4 (Smol, 1983, 1988); 1£ 53 —L6iiiiH, X LU(E Ak A T-Hamid k3R
F£ K928 4k, (Cumming et al., 1993; Zeeb & Smol, 1993). JIARWIH 1480 3t F T4 51 40
JeZTi451k (Battarbee, 1981; Peglar et al., 1984).

AP AR — 1, B ST 70 32 20 T 2 vh A3 A& AR =E R, Ay
WA e YRR . Ak, &¥E B S 2K &, VF 2B iEsE . B3Rk pH
A8« 5 FE RN H S R IR K] -, 9 R4 B8 23 (Facher et al., 1996; Duff et al., 1997; Lotter et al.,
1998). AT, FE—LUE EFMEOKEAY, HT&ERAEZE, mMAYMEAEE, 5
e e AR R LG, S REIA R R SRR AGE A @4 (Lotter et al., 1998) ., HIAEE
I R A REEEUR, (BT AN A S R R R A1 B

7.10.3 Hig

7.10.3.1 #Eix

Hig§ (Oribatid mites) & i, HH 41< 0.13~1.00mm 6], AERAEWH. HER
M, BRI, FRAREE P AT 285 R E T 2 S A B RO R H o R
WAVAE TR R T . I TE ol G BR85S FH I 7E Bl 4 300 (Solhg
2001). CLAWFFLR, WAUTRHLE B RS A AR, wT DOAAEAIRER AR A
TR AL AR AR I B 4RI B 262 (Erickson, 1988; Schelvis, 1990; Drouk, 1997; Solhoy et al.,
2000).

HFEZ 2 ISR SHFFT, Harxd B A S22 A0 T e R 4Th, e
Hor R E RMEAW E B A, MO RIS g . AR &, H 5 2540
XT IR A Hydrozetes AT Limnozetes 1™ &, BRLELHI 78 B SR Hh K 2 HOA B 45 B 32 2 X
A B AP RSS2 445 (Erickson, 1988).

7.10.3. 2 LB A7

SRR, TR R SR IR B AL E (40~80g), A ILAERY
AT RIS Sl B AR L — AN PATRERA RS o £E S0 56 % 56 1T 125 i 9§ 1 8 o 5 K RO RIOR
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1M KPR B T R BIDTRREAT 43 B o 85 FHZ8 187K 70% TR RS B AE B IR NI AR BE . G SR
DURRA 5 T A AN T R 5 %, SERT AT 10% NaOH ¥ A HLst, F 10%(1)# HCI
FBRBRERES o A FRIUTT FAE S BRSO EE TR I, R AR R oK 12 %) 3T
PRIEFNTHEL . = A WA (100 21 1000 £5 ) F T Ak A 148 7 o HRIB 1) %5 58 1T 2% Sellnick
(1960). Gilyarov (1975). Baloghetal. (1992). Norton (1990) %5 A M f i) %, {HANH
HI X RFPEE AR B2 R AF, RICER 7, B 28R E TR IbR A [ R AE AR A 2L

7.10.3.4 RFEEE L B AT

P05 e A 7 35 2 7 T P 9 0 2 2t DX s A QA 25 1 2 R oy Y U R SR T IE
S — LRI AT AR S B A A e S mT LB pH {EARL 145 B, (Behan-Pelletier et al.,
1998), HT#H7T pH (EMEE. B2, 1 g R ph 3= B fe fr i
IKBLAAEFZ F711) 424k (Behan-Pelletier, 1996; Solhoy et al., 2000). Behan-Pelletier (1996) i@
AT, RIEKR S ERA, KA TR AT Naiazetes reevesi 415 K& H ISR DU 4L
HZ e, ] LR b S 2 RO IR A A8 Ak . R Krakenes 437 H:38 A TRR 47 06 WF Ak
FFidsx, Solhoy etal. (20000 k& 1 1 KA A= A4 . [FIFE, Erickson (1988)
i1t 3£ [ Glovers Pond YR HHg AV A B 7T, B T A sE = ) SoKA A I 5 . i
&b, Markkula (1986a, b) BTy 7 Limnozetes 2 L REVERIHE 08T, KRILXEeRhE
ZREMER AL SR R IS A B R

g m] DUAE VS TEAS KR FIRE AR ST, BT — Lo hh g B RRR AR B R, Rk LA
7= AT LURS B4R 7S A0 AR S Ak pF, ki s SR IR B AR 4. 5lln, Fernandez et al.
(1984) i@ H7t, IAA Hydrozetes (IFELEF LR A2 AE KA —E R R 5—
S g R 2 5 R (R P 2 R AR AR . EEME DG, IEE A S, AT E
AT B AR ZR AR ST 19 5 5 (Wunderle, 1992; Behan-Pelletier et al., 1998; Winchester, 1997).

IEWS e AR YIFR bR —FE, R DU FR A A B AT AR I A, T R, KA
MY 55 2 BERAR AT L6 FIR, A RS TR R

7.10.4 BWIKEEZHY

7.10.4.1 BEix

BRAKGARBYA AT 2 EE VY LW TA TR Hh s i DL IR R 2 S S Ak, 0 05 ot 2
BEAEE FEE, ERATER “NFRE” 80 “ERE”,  EAE RN X E X AR E S . R
FA VA IR K SR AR sh A Fh 2R 2 /083 700 ANFh (Burch, 1975; 1989) . WA ARSI ML A A
AR R R S SRR, A B SRS T A R4 R = L (Miller, 2001)

7.10. 4.2 Mo R B Fo LI F AT

Xt R AR DURR B, ARIE ARSI BTG DL, KA 1~2kg HIFEARRIAT, Bli7eg
s = Amm WAL AT EEAT Rt i, SRV etk XTRGALA TR, Sl REE—
ATAT AOREDE RS I SE56 2 0 AT MIBIE 7 o SR AL B R B e REAE dh BT, Bl R R IBAE VR K,
RT3 A, L 0.7~2.0 mm (I Gi0E 25 BRiitle . WERFEARMTTRIAREE 20 B,
SO PRV EE TR, AR FM MR NN IR N B E IR N, B
PR G BUR R BT . SEBURAR TR Y, TS AT+
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BAR BN S 8 A BEAR A W H AR T 5E R (10~40 i) . %558 F ES RIE
EAERSE AR A, LR R %R (Lozek, 1964; Graham, 1988; Clarke, 1973, 1981; Burch,
1975, 1989; Mackie et al., 1980; Jokinen, 1983, 1992) . £ & o 5 SRS W Fh S — M5 1 43 EL AN
WRERFRIR

7.10. 4. 3 ARE M A AE SRS E 32 F 89 2

FR AR A SR BOE A A SRS R, —FE B 7R R A R IR AR A7 30
5, KA R RN AN R AR SRR G, ARSI B B IR AT A A S —
% (Clarke, 1979); 58 —FhJ5 ik RARIEA A AP MBI A AT AT 40 4. A dHA T al Reid
A SRR AR B 4R R . BT R TR, FEAREE A A P 1) RN LA R LA R
A, T E AR BRI AP AR I S (Piechoki, 1977; Miller et al., 1990).

BARSIIA A JEIHE F ol SRS BRI R R IR B S Ak R, YF 2T
FR AL SRR 4TS (Sparks, 1961; Harris et al., 1973; Miller et al., 1981; Keen,
19900, fEJL3E KK, Taylor (1960) 2t 5 MUERMESI ), JRAEXFIAIAAAE EWME, H
TG SRR fff SIS AE X IEURUBE B B T IR FE AR /K (R SRR AE o 940, XA 2L AL 5 ol
FEH RGN, A S A AR AR VS I 2RI B R T . Promenetus exacuous 2 35 [ 5 B
78 A DX AR, R EAERKAER K FEVKIARZ M E AR HLIX )02 4040, Ui B 4 9 TE4
SRR (7S L

AR, PARSIYIA A CEPR I 5 B B a0t 7 5 T LS R, I A TR Al
TR BRI E R . B, Rousseau (1991) F:T-3% 2 HAAZ MR BEAE 122 5 BUAR A A%
IR R, B TS SR AR FIRA RS F RS, Ei
T At ) Burgundy M [X I BRIV R ) ARAK .

SR AFR BV A2 77 0 o K OSCRN TR AR A 1 EEE S (Miller et al., 1998; Bonadonna et
al., 1999; Leng etal., 1999),

2 F W

MRz B, skithdg, 1990, mseiJm IR RTIE. Rl RE2224), 9(2): 194-198.

MRz, skithi, 584, 1991, WIFgE /N SeEh R AR RE G R, R Rl R 222441, 10(1): 86-94.

W, B, RwEE, KR, TR, 2008, Sk AR SR HLIX 5 T4 AR A A S YU SR, BrsR AR, 29(1): 57-60.
HIOME, FRR, XRME, 2 2007, JTURHT (RDA) LEMAVIEF ST MR — DUK ). HhELHEIT, 26(3): 477-484.
eftit, MREEDR, 1962, HE MM A. B ML, b5t

WA, MEE, W E, 1985, TIRILBIARZE DR R AT, Sk & B4R, 2 (4) : 369-376.

AR, SR, 1979, HHEFNE TSI T — WA, dbat Rl ARAE. 39-41.

2L, NRE, EFE, iR, R, D, 2009, A VR R HEIARE 52T IR RV, BETUA L. (AR,
20, 1993, PEAL. RGO SRR O, AL WV R AL, 1993: 14-26.

I, 1998, E BT 53R, st Rl L. 16-19.

AN, FBER, 1 T, 2006, #E bR B 5 R GeEITE R LAE KIRAL I ST R L IR, 18(5): 540-544

A8, X4, 1988, PU)IVH B4R E L4 A ik SRR 10, HhEE SR, 43(1): 44-51.

BEIR, AT, B, 2008, AFSESIFIfK TRk, BHAER, 53(9): 991-1002.

FRifE, 2002,  [EH A ERAAL BT RIS R . #h2A T2, 19(1): 19-25.
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