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ROARAT) U R B, A > 2 m (B HE PR 2 05 X
BOMEMERO. 1 m(R2,5E3),
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Fig. 1 Sampling position of close treeline of northem slope Changbai Mountains
F1 BEFANHGLERAERHAE
Table 1 loeation and environment in plots
FETT S #HE/E HE/N IR/ m b 1 BEEER

Bl 128.070 7 42.0577 1 940 18 7
B2 128.070 4 42.057 8 1948 19 9
B3 128.070 1 42.0579 1953 11 5
4 128.069 8 42.0580 1959 21 6
HHS 128.069 6 42.0581 1962 19 7
HH6 128.069 3 42.058 2 1968 18 10
=3 128.069 0 42.058 3 1972 14 6
B8 128.068 5 42.058 4 1 980 18 7
HH9 128.068 3 42.058 5 1984 20 6
B 10 128.068 1 42.058 6 1990 19 7

R RS R AR TRRE TR A,
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Table 2 The field survey data for shrub Betula Ermanii height on quadrats
B s
K942/ cm
1 2 3 4 5 6 7 8 9 10
<1 0. 600 0.400 0.500
1 1.759 2.000 1.646 1.684 1.800 1.000 2.000
2 2.225 2.391 2.143 2.600 2.689 3.000 2.000 2.200
3 2.000 2.200 2.567 3.200 3.200 3.200 2.900 4.000 3.000 3.000
4 2.867 2.500 2.933 2.900 3.250 3. 800
5 3.720 2.867 3.800 4.000 7.000 4.880
6 3.200 3.075 5.800 3.500 5.500 5.300
7 4. 600 6.900 6.000 6.100
8 5.479 4.825 4.000 5.400 6.000 6. 000
9 5.600 4,800 6.800 5.600
10 5.600 6.280 5.640 5.500 5.750 6.720
11 6.000
12 6.033 7.533 6.000 7.375
13 6.000 3.875 7.000 7.000 7. 000
15 7.000 7.500 7.500 7.300
16 5.800 8.000 6.800 6.200 7.300
17 7.000 7.000 6.200
18 7.550
19 5.600
20 7.000
21 7.200
22 7.000
23 7.200

R3 BRARFARREUFBHERELR

Table 3 The field survey data for single tree Betula Ermanii height on quadrats

HIr%s
Wi/ cm
2 3 4 5 6 7
<0.5 <0.600 < 0.500
<1 1.500
1 2.000
2 1. 800 2.600
3 3.500
4 3.600
5 5.500
6 3.300 3.400
8 4. 600 5.000
10 5.100 7.200
13 7.000
14 7.000
16 6. 800 8.000
20 7.000

W SN T MREITRTERED;8.9.10 ARATTARER.

1.3 HESHALE

R F EPR3E B9 SPSS13. 0 SE it 84 % JR iR 4K

FEHATHMALE, B, RA—JTEBPHEER K
-SH5TREAMERSHEZHEHERKR; H
W, M RNE T BED R AL B
AR FIRSEREEE, B m s R R SRR
PR A Ba R A E LR Pk REACRFITE
AREHHBERSBBNER, BRALL
EHER AR IR T Ko
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HerET7 AR B AR O/ NE TR R Y

WE, AR, BROE A SR/ME M (R 4) .
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Table 4 Statistics of shrub Betule Ermanii height on quadrats

Mt/ em i B {E/m i BKME/m B/ME /m o WEJ3E
<1 1. 059 2.243 2.000 0.200 0.399 1.905
1 1.716 0.172 2.000 1.000 -0.678 3.667
2 2.421 0.629 4. 000 1.000 1.003 1.713
3 2.830 0. 500 4.000 2.000 0.070 -0.067
4 2.929 0.446 4.000 2.300 0.351 -0.171
5 4.211 1.334 7.000 2.600 0.780 0.050
6 3.978 1.282 6. 000 2.400 0.758 -0.997
7 5.800 1.158 7.000 4.600 -0.193 -2.972
8 5.341 0.833 7.600 4.000 1.275 2.202
9 5.733 1.007 6. 800 4.800 0.586

0.141 10 5.923 0.711 7.200 4.300 0.322
11 6.000 0. 000 6.000 6.000
12 6.736 0.823 8.000 5.800 0.198 -1.486
13 4.750 1.943 7.000 3.000 0.107 -3.028
15 7.333 0.577 8.000 7.000 1.732

-0.507 16 6. 662 0.744 8.000 5.800 0.953
17 6.733 0.462 7.000 6.200 -1.732
18 7.550 0.332 8.000 7.300 1.096 -0.050
19 5.600 0.000 5.600 5. 600
20 7. 600 0.520 7.900 7.000 -1.732
21 7.200 0.000 7.200 7.200
22 7.000 0. 000 7.000 7.000
23 7.200 0.000 7.200 7.200

2.1.2 WEHESER
A T BIE 5 X B F AR B A spss K A%,
Er — B BER, $0UR BE 84T ( Sig {HAR) R B

B R
Y =2.6330 +0.2376X  (Sig =0.000 <0.01,
Rsq =0.787) (1)
Y=1/(1/U +0.3862 * 0.9458X)  (Sig =
0. 000 <0. 01,Rsq =0.716) (2)

A Y EHE(m) X BEK(cm)

AL REAR R B RN ERSE 2R
JnHL, WK (Sig = 0.000 < 0.01,K = 0.2376
> 0) HARH—FREL(Rsg = 0.787, REHEK
Z(74) ) Bl F# logistic HiZk (Rsq = 0.716) #i
M, ETIEBARRE SR8 0 S B S 3 K SR
KGR, IR IIRAKRR - iR - RENIHE
B IR P B — e, AR AR AR B
JR W RS G 3 X h S IR B B I WAL L o

Hyitt— BT SR, AR
fate 53 R B O BAE AT /DB (B 2) . B
20, BEE RSO, AR BRI RK, B R
H7.13 F19 em B, B R AERAHBRE, £ KT
AR

W DBSHTHRB =D REL, THEKR
REMHR SR ERS OB HE—H B
R0 R EARA spss B, RGN
BRI (KS)

PR ER 5 — G BRI AMCR 4T (Sig
< 0.01) , RIEEHEE KT, SN HEE,
EREEA R B S A K 5 BB, Bra s s
SR T RE(Sig. > 0.01) , B BEAMRIRFX i #EAE
KA BN 56 = BB, B B R e A B A
KABIIE, F A K B logistic Hi L TLIATUH, B
/N Sig EPFEE] 2 PR R, RUFHABr B
HMERIRIB BN K, WHEAE A KB R o
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Fig.2 Wavelet analysis of shrubby Betula Ermanii diameter-height mean

®5 EAREHNBHE(EEE)SER(8ER) HBFEER

Table 5 Mathematical models of height means of shrubby Betula Ermanii ( dependent variable) and diameter-class ( independent variable)

— 2% R 12 BOHE BB BB
(<7 cm) (>7~=<13 cm) (>13~=<19 cm) (>19 cm)
HE b0 1.439 8 1.439 8 5.878 4 10.261 1
bl 0.4555 0.4555 0.0722 -0.1411
Sig 0.000 0 0.014 0 0.788 0 0.282 0
R phsk Rsq 0.929 0 0.900 0 0.0450 0.516 0
b0 0.457 8 1.270 3
b1 01713 0.051 1
Sig 0.000 0 0.011 0
Rsq 0.942 0 0.9120
logistic %% b0 0.6327 0.280 8
bl 0.842 6 0.950 3
Sig 0.000 0 0.0110
Rsq 0.942 0 0.9120
(i b0 106.724 1 79.411 1
bi -12.208 1 -6.591 1
b2 0.372 1 0.1511
Sig 0.000 0 0.103 0
Rsq 1.000 0 0.103 0

I :Sig <0. 01, BERLE T KK o

MERUMEE , B E R R AR S RE
18 (1 ~4 BrEXIAIERIE S B4 0. 4555 = 0.4555 >

0.0722 > -0.1411) , RMHEAEERET —F

FIEAL SRR S, REIRR S W R K EH
WBY R SHREKBTIER.
2.1.3 WEEE RESRE

KGRI IR S X R R AR HEZE AR E WA

spss BRFHEAT IR ST , SRIBUI A BE AR O R

Y, =0.2984 +0.1317X - 0.0067X* (Sig =
0.003 <0. 01,Rsq =0. 44) (3)
Y, = 1.7096 + 0.2263X - 0.0143X>  (Sig =
0.001 <0.01,Rsq =0. 50) (4)

Y, 5 Y, SRR AR 2, X AR (em),
BRI I OB F iR, B mMER, Bl fE D, X
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FRB5: 504 10 cm 71 8 om, BRIF MR (S) 451 2
0.388 8 Fil 1. 005 4, UL AIE IR — A S HBUA X
(6], 5 —MER SRR 5.6.11 13(RESF R
0.5447.0.4349,-0.936 4.1.064 7) , 58— 1R
MIFHEMINA 5.6.11.13 (24 B R 1.916 4,
1.047 4, -2.468 6.1.765 2)

WG RARBUR M B B A K R, B
EHHE ERRI G , B B3R5 5 T AR A 25
SR, EAR UM IR) 3 s (FRMEE BRE/N)
HAEKB—EH B (72 8 cm 5 10 em) , fija] &4
IR SRR M B K RSB (R,
WER) G, 32 H B A KRR B A b i
P, WK, B PSS AWK T
FHRRMES W T bR BED) .

MR KB P, AR % M (Rsq
0.44.0.5) :42% 9 5.6 cm BRAEZLAS K, Sh R 414
KA, AR FEHEE K 3R SRS 3 E R E Kl
BEFEAES 5 R H 11,13 om I 3270 254 PR 5%
B BB [FI B0 , B U 22 SR o
2.1.4  1ER S FIg R 5154

HEGETH B G5 0 AR 8 0 RIS BE (B A
spss BRFHEAT IS 4387 , BRADURI BE I 47 AR Y

Y, = -0.1082 +0.1947X - 0.0114X*> (Sig =
0.178 >0.01,Rsq =0. 206) (5)
Y, =2.5542 - 0.6179X + 0.024X> ( Sig =

0.036 >0.01,Rsq =0. 453) (6)

Y\ 5 Y, 53 B3 B e, X 2424 (em)
ARAER R R I, B 2 005 B S i AU M TR e, T
i, R HRERBRR L, RMERBRERAT, &
PERIE RV AL, IR B KA

ML
22 FAREHBESEENXER
2.2.1 SitHdE

HEEETT A B T AR B BER R RS H W B 1Y
{6, PR B KB /M AR BEFIIERE (R 6) .
2.2.2 WEHESKEX

Ko BERE 5 % BT MO AR M 5 A spss BK 14 i
A7 —JCENE 4307 , BB B A e i B i A

Y =2.0883 +0.3107X (Sig =0.000 <0.01,

Rsq =0.850) (7)
Y= ®7Pr0MM0 (§p =0.000 <0.01, Rsg =

0.718) (8)
Y=1/(1/U + 0.4868 * 0.9209")  ( Sig =
0.000 <0.01,Rsq =0. 718) (9)
Y =1.3599 + 0.6204X - 0.0169X>  ( Sig =
0. 000 <0.01,Rsq =0. 925) (10)

XFFRE 18. 355 1; 39 Y AR (m) X iR
(em),

DIRHEL IS —A™ S BB, BLRBiRI(S =
0.863 2) MM FHEHA 5. 20(R2E 072 1. 858 2,

®6 FAREHSZITR

Table 6  Statistics of single tree Betula Ermanii height on quadrats

M7/ em i E A/ m PrRMEE BKfE/m %/ME/m B 354
<1.000 1.345 1.000 0.200 0.544 0.992
<1 1.500 1.531 1.900 1.000 2.920 6.863
1 2.000 0.997 2.800 1.500 2.510 4.431
2 2.671 0.111 2.800 2.500 -0.249 -0.944
3 3.500 0. 000 3.500 3.500
4 3.600 0.000 3.600 3.600
5 5.500 0. 000 5.500 5.500
6 3.350 0.071 3.400 3.300
8 4.713 0.155 5.000 4.500 0.644 0.592
10 5.450 0.860 5.000 7.200 2.420 5.887
13 7.000 0.000 7.000 7.000
14 7.000 0.000 7.000 7.000
16 6. 800 0. 000 6. 800 6. 800
20 7.000 0.000 7.000 7.000
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-1.3023), HMEKMELERI(S = 1.453 8) fLFIH
FEWHA S5 20(WEL2.3985,-3.6749), —IK
BRI(S = 0.612 6) BURM BB A 5.20 (R L
1.4606,-1.1239),

SRS SR AR A7 PR B T R R AR S 3 B
(Sig = 0.000 < 0.01,Rsq fE#:E) ., JLAERIK
REAHEHIERL S om 4, BRI SEXHE
Mtk KA A R 12400 13 om AR K A28, 42
99 18 em BHXBIRE BB IR W FRB Y 18) , B4
FRER A 8 4 B 5 2 SR B
2.2.3 WEHASIHHRS5R%

PR SRERE D 0 HAXTEE(50% ) , T
W FIRERIBIRN, PSS REAC ) K ~ S AR IR Al B E
AT KR MR L SR TR L, A
AR T (R, Sig. (2 —tailed) = 0.185

> 0.05;#% 2%, Sig. (2 —tailed) = 0.587 > 0.05)
ZRPIREA L TR L E, XY BRI,
TR AT MR B 1 K R 18 5 B MR A K - S
Ko (bRfEZ:, Sig. (2 —tailed) = 0.000 < 0.05;#%
#,8ig. (2 —tailed) = 0.003 < 0.05) &5 R i BHAE
ABUEA /MOES: R B R R R 55k
B 6 ~ 10 em X [8], [T TR 554 /Mg 3
o IEEFIEEE (8.10 om) ${E K, M7 4 B 5 4R
W2 SRR

2.3 BMANSBEETL

2.3.1 RE¥ESR

FIFKE L RS R0 (WK 2 624 m)48 a
(1953—2000 4F ) F < B B AR K B 1 L3 <R
IR HEERE M (R 2 000 m) PY S IR 8 AT
MEERE Z B SRR (F R -4.11 C, 5

MAKEBEHEHILT2 C,Tt =210 CHIZt =0 C
YIE 4 51k 710.829 °C .1 148.877 C) , 4Kk
((H¥HE =10 C)M(HEA = C)a5lRe624d,
153 d),
2.3.2 KEAML

FATHES KK E LI 2 000 m KB
i , BAPHEE S HE R KA R AR AR, IR
(Xt=0C),HBEFEHEEFEH(E3), AE3
MIAAH R (R R 2.9374 > 0) 8] I, M 1950 4
RERRELABHE(R2=0.1344, BR5BE
s EASE) .

HR AW 2 000 m 4048 a AR (It =0
C) B et A DPS 44, B B /MBS Hrds sk ik 47 4k
H(E4), 857 BR:1960 FER WA —-KBEHE
11,1980 ERRAEL A —BUE IR, 1990 FR 5
MR EERA RPN E KRS, B
HE , SREAANM B ETHES X S5 RILHX
50 AER MR IR A Ay &1,
2.4 EHRESSEBETUNXR

RIEARR AR K2R H ™
FoRAZITOHEA IR R R K 5508 %
IR
2.4.1 EHEENEAR R 5 SE PR IR I 2

HE AR RYIE S IR 734 T MEA R R S K B,
2 P 2R U AME 5 SE BB 2 250 R 3R 55 w4 v 1
KRB AR, RIEW R0 E B E AR, R
F iR RS R R e B AR
SRR MR KRR B R RS R o
HERER(BRFE/NT 1 em HE/DNTF 1.5 m B4ME
Rt LA RN SRR SRR AE RS,

y= 2.9374x + 1121
R? = 0. 1344

L T R A T B

— vt — — — — - —
.

B3 KAWLl 2 000 m 458 EE T #h 2 F

Fig.3 The temperature change on 2 000 meters the northem slope Changhai Mountains
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M4 KAWLIEHE 2000 m BB( Xt = 0 C)/hESHE
HARBKALARENK

Fig.4 Wavelet analysis of accumulated temperature ( 3t = 0 °C) at elevation of 2000m on the northem slope Changbai Mountains

?EM;{k Y = e(2.5831+0. 131 1x) (RZ = 0 985 p=
0. 000 <0. 001) (11)

ﬁ*;{k Y - e(2.5328+0. 129 3x) (R2 = 0‘ 973 p=
0. 000 <0. 001) (12)

YRR () X BREH(cm)

HEMIR vy =6.461 4 % (£ <1.5 m,R* =0.791,

p =0.000 <0.001) (13)
FeAAR y=6.491 8 *™' (:<1.5 m,R* =0. 833,
p=0.000 <0.001) (14)

Y RAER () ¢ ZEE(m)

P, BT R N BR R B BB 4
B ZAEE AR KN REE,
2.4.2 EHRMEREEMNTEERERSSBEER

P

BB HE E LAY 2 000 m 4 48 a(1953—
2000 4E)RY 579 BHE, St =0 C, Tt =10 C,
EBR SRR, 4 S EAR BT AR E
B FEIRERIEZ TN (£ 7). HRBR:
SBHABYHEREREREK(HXER . HES
BHMABRENWESKEWLIEE (p < 0.05),

®7 EHAABEKORE(BLTR)S
SBERTE(BER)HMBTEXXER
Table 7 Multiple correlation analysis between height growth deviation
of Betula ermanii ( dependent variable) and air temperature

factors (independent variable)

HXEY xl x2 x3 x4 x5 x6 x7
0.15 0.42** 0.19 0.23

yl 0.11 0.17 0.13

y2 0.16 0.29* 0.26 0.39** 0.12 0.21 0.26

H:*p <0.05, x % p < 0.01;x1,52,53,x4,%5,%6,%7,y1,y2 45

&5 AXR,7 A%R.9 A SR, BE(Z =20 C) ,Bl( It =
10 C) 435938, BBEH, MAR BN B RE R, FAOREER
1o o o

3 GigFitie

3.1 4ig

1. 20 th4g 50 AR AR RAR , FE R AL BIMR LR X —FF
M E, EEW S ETHEE 60 A8, 80 4
1,90 SEACJE 0 B B R RR

2. SBPEHUMERERABREFHURRE,
INMEFIKF (AR, FAR) BEHE, GBI
Mra TR % B B EAMRER KRR (FE
REEACR) B MR AR 0 B B B SR A KM
RRBE SRR B8 AR, W A K20 IR T
8 1N R AR

3. BAREHMR SRABBENELEE
UMK, EERE1~7.7~13.13~19 F1 >19 cm
i R BOE R A K, 55 a A a8, FRARR
EHRE SREEEE RS AR AR
BZANKT 13 om i, FHEAE R Z AR RS, KB E
B RPUNT 5 om B, BIH B A T EHER 4
Ko

4. RAFTUBRE B et SR AL Ak 1w B A 2 1
BRI 1 e VR L AR, TR AR R 3 K R BE R . )
FTEERBURSE I A AL, Tt KA EARE
LA 1 3 B J7 16 3 R A 25 6 B 2R R S IR F T
= 5 A P BT B 7T ACIR R I PR BRR A A
SRS B B i B R AL A ARE 75 F 6 s B R SR
XS B8 A8 A 7 e
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32 itig

PRERZE M X SRR AR I W ] P AT 44, A3
DUURAEE H A W R BB R 1) SE AR UMK A
PLERBEITHIT, TR M B IR, e
—HARRZAL,

L HTRZE KA IR IR (— KRB
Hed RAEFIR L R TR I 1] R 51) , U
RO — IR AR SR R P B E RBUR AR ( <
0.5) , Fomatd e — RN 56 2R 7E B [8 s i)k A
St

2. MR SREMMEREES —EiRE, THRY
MBI MTEE R A KR

3. I TRIEAR, OB BBEISHE T4
B FeA A SRR F (R K %) ST A K
FEJREELE T,

£ & 3Lk ( References)

[1] Korner C h and Paulsen J A. Study of high altitude treeline tempera-
tures [ J]. Journal of Biogeography, 2004, 31,713 - 732

[2] Camarero J J, Emilia G, Fortin, M J. Spatial pattern of subalpine
forest-alpine grassland ecotones in the Spanish Central Pyrenees
[J]. Forest Ecology and Management,2000, 134(1-3):1-16

[3] Wang Xiaochun, Zhou Xiaofeng, Sun Zhihu. Research Advances in
the Relationship between Alpine Timberline and Climate Change
[J]. Chinese Journal of Ecology, 2005, 24(3) :301 -305 [ T 8%
& Ak, AR ALK S SETAXRFAHRII]. &
A 2005,24(3) :301 - 305]

[4] Yan Shun, Kong Zhaochen, Yang Zhenjing, et al. Fluctuation of
timberline and environment change near the northern Piedmonts of
Tianshan Mts. during the last 2000 Years []J]. Scientia Geographi-
ca Sinica, 2003,23(6) :699 -704 [ {@)F, FLWR . BiEE.%. &
KR 2000 4R LR MR SR EAL])]. BB,
2003,23(6) :699 ~704 ]

[5] Wu Xiangding, Shao Xuemei. A preliminary study on impact of cli-

[

mate change on tree growth using tree Ring-width data [J]. Acta
Geographica Sinica, 1996, 51:92 -101 [ 2%, BEEH#. RN
RIERFOR AT R AL KB R [T). s
#4%,1996,51:92 - 101 ]

[6] Tian Jun, Liu Hongyan, Tian Yuhong, et al. Characteristics and
spatial patterns of vegetation on the upper forest boundary on Mt.
Guandi, Shanxi Province [ J]. Journal of Mountain Secience, 2003,
21(1), 63 -671 [ HZ, XM, HELL, 4. W30 WMk
FRERH A B IR 5 2 I R [ D] 1l 41,2003, 21 (1) 163
-671

[7] Chang Yu, Bu rencang, Hu Yuanman, et al. Quantitative determi-
nation of landscape boundary between mountain birch and tundra in
the northern slope of Changbai Mountain [ J]. Scientia Geographica
Sinica, 2003,23(4) ,477 -483 [ ¥ &, - €, BiaW,.%. KH
Ui bS8 IR B e WA e BRI (7). s, 2003,23
(4),477 -483]

[8] Yu Dapao, Zhou Li, Dong Baili, et al. Structure and dynamics of
betula ermanii population on the northem slope of Changbai Moun-
tain { J]. Chinese Journal of Ecology, 2004,23(5) :30 =34 [ F Kk
MR F, BEEW, % KA MBS R B S
(1] 22,2004 ,23(5) 130 —34]

{9] Hao Zhanging, Deng Hongbing, Jiangping, et al. Co-occurrence of

[

plant species among communities with changes in Altitudes on the
northern slope of Changbai Mountain [ J]. Acta Ecologica Sinica,
2001, 21(9) :1421 - 1426 [#B.5 K, PO L, 2%, %. KAWL
BRI ) R LA BB AL (T]. SRR,
2001,21(9) :1421 - 1426 ]

[10] Zhou Xiaofeng, Wang Xiaochun, Han Shijie, et al. The Effect of
global climate change on the dynamics of betula ermanii-tundra e-
cotone in the Changbai Mountains [ J]. Earth Science Frontiers,
2002, 9(1) 227 ~231 [ JBeik, EBek LA, % KAlE
HERSEEHSEBEELI]. #¥i%,2002,9(1) 227
-231]

[11] Cheng Wei, Lou Peng, Wu Ning. Ecological characteristics of
Minjiang fir ( Abies Faxoniana Rehd. ET Wild) population near
timberline on upper Min River [ J]. Chin J Appl Environ Biol,
2005, 11(3):300 -303 [#H:, B W, 2T IRIL L IFHRE HHE
WETLY AR BRI AE R AR (D). P S BRI A 23R, 2005,
11(3) ;300 -303]

[12] Zhang Yangjian, Dai Limin. The trend of treeline on the northem
slope of Changbai Mountain [ J]. Journal of Forestry Research,
2001, 12(2): 97 -100

[13] Wang Xiangping, Fang Jingyun, Tang Zhiyao, et al. Climatic con-
trol of primary forest structure and DBH - height allometry in north-
east China [J]. Forest Ecology and Management, 2006, 234264
-274

[14] Xu Linjun, Peng Hong, Chen Cungen, et al. Quantitative analysis
of the Larix chinensis forests distribution at Qinling Mountains and
the character of the Alpine timberline at Taibai Mountain [ J]. Ac-
ta Botanica Boreali — Occidentalia Sinica, 2005, 25 (5):968 -
972 [FARE, 20, B, . B K LB R KA L
RARERAFIE B B AT AT [ T]. B LA 23 4%, 2005,25(5)
968 -972]

[15] Shen Zehao, Fang Jingyun, liu Zengli, et al. Structure and dy-
namics of Abies fabri population near the alpine timbetline in Hai-
luo Clough of Gongga Mountain [J]. Acta Botanica Sinica, 2001,
43(12):1288 - 1203[ LR, K=, XKy, % 10)1) Sl
BRI E R R RSN S (1], YRR,
2001,43(12) :1288 - 1293 ]

(16] Dullinger S, Dimbock T, Grabherr G. Modelling climate change
driven treeline shifis: relative effects of temperature increase, dis-
persal and invisibility [ J]. Joumnal of Ecology, 2004, 92(2).
241 -252

[17] Zhang Yangjian, Dai Limin. The trend of treeline on the northern
slope of Changbai Mountain [ J]. Journal of Forestry Research,
2001, 12(2): 97-100

[18] Wang Xiaochun, Han Shijie, Zou Chunjing, et al. Geostatistical
analysis of the pattern of betula ermanii population in Changbai
Mountain [ J]. Chinese Journal of Applied Ecology, 2002, 13



560 th ¥ 4 29 %

(7): 781 -T84[ EBEHE, F LK, 40 E#H. F KA
RIS ] B AR ,2002,13(7) ; 781 -
784]

{197 Shi Peili, Li Wenhua. Boundary form effects of timberline ecotone
on colonization of woody plants and timberline dynamics in Chang-
bai Mountain [J]. Acta Ecologica Sinica, 2000, 20(4), 573 -
580 [ A%EHL, ZE304. KEILARR W R SRR Y M &
JRRRRAMEZI SRR ([I]. £B%H|, 2000, 20(4), 573
-580]

[20] Tranquillini W. Physiological ecology of the alpine timeberline
[M]. New York: Springer Verlag, 1979:1 -12

[21] Chen Yufeng. Research on response of vegetation to climate change

[24] Wang Xiangping, Zhang Ling, Fang Jingyun. Geographical differ-
ences in alpine and its climate interpretation in China[J]. Acta
Geographica Sinica, 2004, 59(6) :871 -879 [ E R, k%, ¥
Wz PEEUAROSREESBRNXRLT). ER%E,
2004 ,59(6) :871 —879 ]

[25] Xu Ming, Chen Jiquan, Brian L B. Temperature and its variability
in oak forests in the southeastern Missouri Ozarks [J]. Clim Res,
1997, 8(3) . 209 -223

[26] Rickebusch S, Lischke H, Bugmann H. Understanding the low-
temperature limitations to forest growth through calibration of a for-
est dynamics model with tree-ring data [ J]. Forest Ecology and
Management 2007, 246 (2 -3) . 251 -263

[27] Qian J J. The research of Betula ermanii forest on Changbai Moun-
tain[ G]//The Symposium of Changbai Mountain. Northeast Nor-
mal Untversity Press, Changchun, 1981164 —176[ £&%3. 15
[22] Jing G H. Comprehensive physical geography. Changchun; North- I EEHRNEETR[Gl//EALEXE. £F: RILIFL
east Normal University Press,1990:112 [ 5. £4 B R0 iR, 1981 ;164 - 176
FIM]. KF KIS H R ,1990:112 ] [28] Li Mingeai, Lou Tianxiang, Kong gaoqiang, et al. Characteristics

of stable Carbon Isotope compositions of different life form species

[J]. Progress in Geography, 1997, 16(2): 70 -77 [ piF k. H
MR SRR B SRR ()], BB 2 R,
1997,16(2) .70 -77]

[23] Guo Zhimei, Miao Qilong, Li Xiong. Variation characteristics of
growing at the timberline in Sergyemla Mountain [ J]. Acta Ecolog-
ica Sinica, 2008, 28(7):3160 - 3167 [ WM, B R, 175
B, % BFRINARRA R A 1S R Y SRR A B A R AR E
[J]. &2, 2008,28(7) ;3160 -3167]

temperature over northern China in recent 50 Years [ J]. Scientia
Geographica Sinica, 2005,25(4) . 448 -454 [ EE 28k,
2 . P EALT X S0 SRR BALRHERMBIZE(]]. s
Fl2¥,2005,25(4) ;448 -454 ]

Climatic Response of Betula ermanii from Closed Treeline
in Changbai Mountains
WANG Xiaodong, LIU Huiging

( College of Urban and Environmental Sciences, Northeast Normal University, Changchun 130024, China)

Abstract: On the north slope of Changbai Mountain 10 quadrats were selected in local closed treeline. The tree
height and size class of shrub and single tree Betula ermanii were obtained from field measured, and the tree age
was determined by standard dendrochronological techniques. The relationship between the tree height and size class
was established by means of the regression model against the collected data. The variation tendency of accumulated
temperature in the past 48 years on the 2 000 m high of the northern slope on Changbai Mountains was also calcu-
lated through the wavelet analysis method. The relationship between the tree height and accumulated temperature
was established by means of multiple correlation analysis against the collected data. The results show that the tree
height and size class have significant response against the high temperature period in the past 48 years on Changbai
Mountains, including the beginning of 1960s, and late 1980s and 1990s. The tree height growth for shrub Betula
ermanii is divided into adaptive phase, low stress phase and high stress phase according to its size class of 1 ~7, 7
~13, 13 ~19 and larger than 19 cm. Two inflection points of growth restriction and optimum growth occurred for
single tree Betula ermanii with size class of 13 cm and 5 cm separately. According to the high temperature period
for the well-ordered growth of shrub and single tree Betula ermanii as well as the low temperature period for the
growth restriction of Betula ermanii, the interannual variation of the growth for the tree height and size class of Betu-

la ermanii responses the temperature variation significantly.

Key words: Closed treeline; tree height; regression model; climate change
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