P 0 00 _http://www.cgvip.com|

5526 #4558 £ = % 154 Vol.26,No.8
2006 £ 8 A ACTA ECOLOGICA SINICA Aug. ,2006

X U1 % BB F A F IE 5% i A 4 58 A 4K X
SEZFZ /IR 74

BAE, ARAT, BAR L FAH NEE Mk KA KA
(. ARFEHERERERE ZMKE FERTREFREFRAL, M 73000052 XEFRHLIEK Y Lamont-Doherty
WAFRKRE A4 10964;3. TWALTEKE MBS RARLER, 2M 730070

BE:-RUABEAAEET RO AERFARTUETL - BRLLBREREEEZAHLERBE T T RERAHELRHE,
RRATRMEBBERMBAERTREKR, AL TRERELZFERN SRR (ESP)M{EHR L (SNR) B R, JLEA# A
HHRETERENREGR HEREEREF TFHEREMSH)MREHRENTEL S D)BEAERLLRBREERF TR, XEH
FRAK L BRAR K A 3 PR B 30 Ab i 7 A BURME R X T AT A L BA T RAEKN N AN SBER FH MR NS
. REETNES . BARLRATREAEA B HAEKZE5BEFAEX KPP TRRAEKSESYEM3 -6 ABHYESR
ERMX; BAKERAL —ENES, LRHAEKREEZ ESRERKBARBHRMEE, T FTRM AKEKE RS KD
REAFEM3I~6 ArMEK, BEBEHSEKRA-H EREAMEET FRIEMAX BRERS VML, ELERTHRAM
XBE  BRZBXEARLTREAERNESEAFEE -CNER, IREL . LEFHHRRKMASG N ETE BB A E
REEMREER R, WHERKNBEEENERERERAEEENE W,

KR W AER IRHEE R, SBEE T AT K BFE R

TSR :1000-0933(2006)08-2723-09 hE 2% :P935 Q948 IMIRIREG:A

The responses of growth ring width variations of Larix sibirica Ledb to climatic

change in eastern Tianshan Mountains
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Abstract: Tree-ring cores were collected for Larix sibirica Ledb from the upper and lower forest border in eastern Tianshan
Mountains, northwestern China, and four ring-width chronologies were developed using 64-year spline function. The correlations of
each standard ring-width chronology pair were different. The high correlation between the two chronologies from the upper forest
border means they have the identical strong environmental information; and the less high correlation between chronologies of the
lower forest border means they could have been disturbed by small different ecotypic forces. Comparison of chronological statistics

showed that there were a lot of information in both the chronologies from the upper forest border and the lower forest border.
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However, lower mean sensitivity (M.S.) and less standard deviation (S.D.) of the upper forest border chronologies indicated
trees growing had lower sensitivity to the climate change in the study area.

There were different relationships between tree growth and the climate factors: all chronologies were negatively correlated with
temperature, especially with the spring and March-June mean temperature at the lower forest border. Tree growth at the upper
forest border was further negatively correlated with spring, summer and annual mean precipitation, while winter and March-June
precipitation had great influence on tree-growth at the lower forest border. Radial growth showed negative correlation with humidity
index at the upper forest border, but had significant positive correlations at the lower forest border. All tree radial growth was
negatively correlated with warmth index, but only significant negative correlation with coldness index was found at the lower forest
border. Thus, these results demonstrated there was a great diversity of ecological patterns at the upper and the lower forest border.

The paper gave a particular analysis on the lag-effect of preseason tree-growth on ring-width, and found that preseason growth
was one of the important factors influencing tree growth in the eastern Tianshan Mountains. Also, the paper analyzed the influence
of previous and current year climate forces on the formation of the characteristic rings, i.e., the widest and the narrowest rings,
and the results showed that the combination of atmosphere temperature and precipitation during last winter and current spring was
the main limiting factor influencing the patterns of wide and narrow rings.

Key words: tree ring; standard chronology; climate force; preseason growth; lag-effect

RAERFEARBEEABEANGFE LLEEHR ELEUR . SHERS REBNEER 55KE
EHXER BEAMAZ S TREMELABFSFALZBERRY , ELTEX, FARREEMEERF
Fl, FEH#TTRBKNEARE LHSBEERY Y ARBSEEE LI ELEEBREAWERY . RLE
REWMAER¥ARERWHBXZ —  AFEPABWESNRESHPE20HE 0 ERMRABELT REN
FEREOERZEMNBHAARKER, WH AN KER TR, PHRTFEYEE T B BN M 250a
EER B BRELE AN T RIUAKRKMRERNGEN B, HEET BB X 300a k6 TREk
FFIE; KBRSV ERTARIL 300 ZEXRT R AR, BRI R R A # X 35538 1 M BF 55 $2 it
THRERE, B RERANNREREARAREZRE 0L 70~80 FRREN, BETERNBELAEELER
B HERESRRTRAEX KRN ST RAXMN SRS, AT TFRERERLA —EMRRE, BA
DB XM X BT E H R .

AXFEMFRUAFEEHMXER ETRMARERKEGER FEMXRBTHXTR,BEX LT T
A FEVAE B AL KX REE T 50 R R, X3S &R HE A AR EER (REMREER)HIE
B F#FT T WIUES 7o
1 #FHMAZ
1.1 BRE#ER

EENKERARERENBAE RARRARILHE TR A TFRILVLEARE SAREB/RETHRILER
ZRIBER L A bR R4 91°19730” ~ 94°48°30" b4 43°21' ~ 45°5'19", Z R & =M, KA RE R
BAEK,ERTKIARHRAGRD, BRFAMERETESRE, FFHYRE-2.5~5C,1 ABHFHRE
H - 18~ —13C,7 AR 16.9 ~24.6°C; MK RA 202 mm, L X EKER] £ 15 400 ~ 500 mm, Z=5 -1
WAFHE EF(6~8 AME, 5LERKEN 51% ~77% ,4F L NELEKEH 4% ~ 14% , TEFHFEY
104d K24 . ZRMRSF ZEIE IR 2100 ~ 2800m F FF 3% 47, LAV 18 ) I 7% o #A ( Larix sibirica Ledb.) F1 K LI = 42
( Picea schrenkiana Fisch.)} F,

1.2 Wi
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Table 1 Summary of tree-ring sampling sites

(v KR HBE(N) #£BE(E) W E BRSO

Code Sampling sites Latitude Longitude Elevation(m) Sample number
BLKA( _t upper) EAN 2] 43051’ 93°18’ 2810 91(43)
BLKD(F lower) Honggqi valley 43°49’ 93°18' 2380 49(26)
BLKB( I upper) (-9 0] 43°50/ 93°23’ 2840 51(25)
BLKC(F lower) Langi valley 43°49’ 93°20' 2480 49(25)

B EEREE, #TAE, HEA T B R ER Stokes A Smiley™” 977 K 4T I T (B & BT,
HEA B ST RS E W 4 B AR BB R A KD AR BB FLN L, REREFMA R RE
B o B J5 I F COFECHA 251" % 38 XU 4F Al & 45 R TR B, A B ST QLSRR T JLAMR s o 5 3 17 5 A
FBER B, XFRNELATERNFERIT T RBEMER,

BT AE R SR B ARSTAN A2 /51 R H S 5 R BB B AR R UL R R AR A St (e B
7= A Y AR K BRI R Z (8] T R 55 4 7 AR 0 I R FREI S5 B0 AR K%, R P AR R S AL L8 £ Kl
RER B HETITEFE AR ER. I TETHHAT AFRELIAANZR, BEER TR -HEERKBR
FEP 64 B KB KB LY, I8 B ARME4E R (STD) (2 fH4F R (RES) f1 B B H4FE &R (ARS) , &R 2 &4
REE R HEAE R (STD) 4F RAFIE M AL X FAFE RIS R

X2 XLUEBREANSAER(SID)NG B EARXARARESHER
Table 2 Standard chronology statistics and results of common interval analysis of tree-ring data from the eastern Tianshan Mountains

;E#)ﬁ Mean M.S. S.D. R, R, R; SNR ESP PCA, (%)
Samples sites

BLKA 0.9923 0.1657 0.1854 0.420 0.417 0.688 27.856 0.965 43.53

BLKD 0.9835 0.2216 0.3160 0.532 0.526 0.800 24.378 0.961 56.44

BLKB 0.9891 0.2068 0.2193 0.428 0.423 0.662 18.310 0.948 44 .81

BLKC 0.9698 0.2415 0.3131 0.380 0.368 0.782 11.080 0.917 41.44

Mean: F H¥1$5 #X mean indices; M.S.: 15 B mean sensitivity; S.D. : FRUEE standard deviation; R, JgHE
A2 A B9 7 ¥4 % B B mean correlations among all radii; R, N 5 W 2 8] 89 F ¥ 4 5 & $ mean correlations
between trees; R, 4 [F]— A A [E] B 4 Z 18] B9 7 29 4 ¢ & %X mean correlations within the same tree; SNR 4 {5 1
Lt signal-to-noise; ESP J#E A& B MK RIS S radii vs mean; PCA, RERFBE - F B LSLTZEMN T

variance in first eigenvector

HTEIMNENTER, AR P RN T FHARE SSS(subsample signal strength)“g: KF 0.8 AR
HNERHESRS SRS TEERESEFABENELZFIARTEN, H4MMRESHREFROE 1 FIR,
1.3 SEEHR

AT 35 F) B B SR ORI R B B B S 536 (43°36'N, 93°00'E, 1650.9m) . FF IS EE & X 1961 ~ 1999
FEZEMAFHRBEMARKEREARNE 2R EMARLESSBEER. FTFAFRGRNIBERF,
AW e BT 0 N B E W 3 ~ 6 A 4 FUAE BOBUE R A, TTAE S RIS A TAESH¥ LEHB
BEE IS FEWN IR AR Y, BRIERERAAFHKBE T SCTHAM ENEIDEKHHRESZ
T ERRRE R A PRI T SCH AR B RFR KRS REREN A,

1.4 A K4 B FoE b 534

HRREENITRFRZEAMAMBEERRESABEERZIRHMERXR, ARG HEA T SPSS 17

AP F1 Dendroclim2002 B B4, B EB R AFRE AR ARERFRZAMXLREEM ALK SERER
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Fig.1 Standard chronologies of ring-width index and 10 point FFT smoothing from the eastern Tianshan Mountains

EREARTHABRFT ss>0 8 WHARRSN RRFREZNFBZT R TR ; BLKA: L ¥ LR Honggi lowerlimit ; BLKB : 3 #t % L BR
Langi upper limit; BLKC : # #% ¥ F PR Lanqi lower limit

ZHNER, EUSHAERXEZFUMHSBERFNIUER, UIFIRKFISBRERNEL. FHREMNAH
1% A 4F %5 () PRECON 7 FH AR 70 S 9 58 < 18 B 7 T B A 90 4 K X A K 48 SR TB RUFIUK J B9 TR, 266 F 2 L 4
SEvWE—E9 AMBINE 10 AR AFHSEMARKENSGARBETRFEE 3a #3117 4MHEF
B %oF R TR SR B 1 B R R AE 50 B B 5 O T WL 4B, B A T Bootstrap 7 3517 BEALIAAT 500 K o
2 #KREIti®
2.1 WRIAREFRZEHIFERE

4 RS B T SRR 4F 72 (BLKA1702-2002; BLKD1812-2002; BLKB1806-2002; BLKC1838-2002) 2 [8] )
MERKM(NMENENEAEHETE, FHARE AN EREXRMHHELREEZR(0.733), TREXHHEXR
K2 (0.708), B XA BIBIEE 99% A b, X B LA G FRRF A LM ARE KW RIFRERTREEKX
AR T T PR AT SRR 7B AR I 1 /N RSB 2 R R U LR 55 ETFRRAFRMA R R BE/MEY
BEEE S L, XS - FEEH IS BEATEZRAERFEW, AERKRTRZHE R HEE
IVEEEFR TR, FHEAL TRMFAEHEFRHWMNRIAE —ERNER
2.2 WREREAGRHFIENESR

—#%iAM: R, .R, R, .SNR.ESP 1 PCA, 4cit 8 o) {H 48 , W] 2% WA BT 6 #F A< X T B 4 9 £ 3% 1k 8 47 B
FP O FEHE R, B D T AT R IR AR B A 2 3 4B RIENTMA R 4 % (STD) 2 E AT X i
K. ARG 4 ST AR RN X LS EARLL B K,  Table3 Compare and contrast of correlation coefficients of dependable
(BRI REES A L TR S5 PR £ STD M standard chronologies between four sampling sites
BEEZ ARG —ENER. AE 284 R e we P! =
5 FE AR MEAE 7 STD BIERIE T LUK 3L . V- 3 UK B BLKD 0.272" 1

(M.S.) RIS MIRAER (S.D.) FIE — A M e 1
8] B9 H 36 R 30 (R, ) A0 2 AR bk b PRE(E B T T PREX « x RARBIEET 9%l I Significant test with 9% ; x R B

B R 2R AR L PR AR A A K X IR 8 AR L R B Y UG BETE 95% LA I Significant test with 95%
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AHRRERHRAEUNRETRE T LR, ERRKAMRREREMHELERR(R,,R,) B RESY
LT RRRI AR B RRE, X TR S PR A AR ) B R AR E K BN E B SR A X, BAmM S
RRBER (ESP)M{EMELL (SNR)TEFT KRB S F 8B H, WA R KA KR AT RIS ER BN FEE LS
—ESR(PCA)BRL N T R BLKD MR FEEHBF S BB 56.44% 5, KA 3 HHER K, BHALHEY
TREMKNAERKGRHEFHERE,
2.3 WREERPTBREF SR W
WAFROERZBESETHER, EANZRRRAE S NERNRER TFHEW, L EZHZIIRE
RRAGHEE . B ERAERNERBRRTYERERNPNELSHFERFOSBEEFEHE
A{/EFE[IS]
2.3.1 WREEEBEASBREFHWSL  #H Dendroclim 2002 7 FH 214> 43§ X £1 K 24 1 05 182 949 7 2
METHROMEEEERSEERSRIEWBARF (BT —F 8 AB ~ Y4 10 AM)H#HTHXRIN, HER
WME 2 iR, EEMIURTEHAEENMAKNERARAEKERESE, R T LW ER2 MWK
R0 o g — K B B I DY, B R B T B K A R A 1 B, MK X AR R A K 0 R ) A R L 4 R
55 , FE 7K B AR JEE B {5 B R 7K AR R A K B R 47 P T sk B 0B /ML 5 SCRE 7E IRk W 2 2R AR AE B, 40 5
BB EASBRETHMEEARRSE, FHlL, B RS SR EREGREREESERNE T AR
KRALBERH R, XIS 7 ARKEHRALIIERAEARBHN L BEASTE, ERMHTEX
Tof 69 7% AL A RAE K. TRV AL KT8 A SR B 7 0 0k 5t 3 30 4 A B 2 R4S AE BT —4F 11 A
DR 1 ABERBEKXIR AN ERE ERAER: —FE, EERSIHASAABEREKERE L B
REET—ENREER W BHKAGEHN TREEZMNRE =Y A TEESRREEIRERENE
HELA—FE KEBRKTURE LB SRR, AINA T ENERRBELEN AL, HELKBHK
WMEBBEBSRBEAEGTRAERMARERD BI—F 11 ARBYE e ANPR(ZRE )NBRBREAES
EARSEAK(RE)BAO M LRI KRR BREE, XMB T K45 AL KRR ER;3 AREKRE
AEME 4 A ¥ AL R P RBBAF I KA &40 T 3 A B B IR S S B E 3 Rk 9 KRB A0 1L 3% R 8 R
RN AR AERRAL BEFRRMR. ERAARLE K SRE T 86N B & 55N K<
W R B A —E R R B SR E T 80 B AT R AT LUE Hoh X A E TR AR K SERE
EE—-ERER
2.3.2 WREEBEHIAFASZHGEREFHARRESSBREROEE(E 3)  FEAH L% AR 5 5515

= < iR Temperature = &7k & Precipitation © 95%p4 B Significant test with 95%
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Fig.2 Compare and contrast of correlation coefficients between dependable standard chronologies and single-month climatic forces in upper and low limits

forest of the eastern Tianshan Mountains


http://www.cqvip.com

£ 000 http://www.cqvip.com|

2728  F ¥ R 26 %

BMEPERENHENTREFARELREEFATRARN D AL, KPBRESHNTREREERESE
ZAHRI~6 AAYNBNEYRNAHXBEREE, X SHAMEEZTMAR TR T RELEE
X, TRMXEFEFTREAARE, FEFLEPKITRARMBLS, BEMRKEEWEBERIBEKER
B, FTREALKAESFEYREAEX, RARBENFERAA THERFHERET.

AR LEREREFZHEAKE EZHRKERFHRKBARBMNAMEX, XS RKEREKERER
AR, BEKEMEMAMLERENHREEAH TFHEMEBOA LA SRBTFRmMEHR KM ETEEK,
BRTREALESLEZNI~6 ANRKBEEAXXR, FALBTENEKRTRASEZTMNREK—FEH
SRR IRBEFENACEEE, P FTHLEBENE XA TESHANBEEER ANESMED 3
~6 ABEEREMNABBIKERMABEREB AR, X6 LB KIEERERERRHRELEK,
HHTEWEARBAMARE ROV ESRMY . PRE SO TRIIKS NS FERAMARR, 4ER
FRAF PR BLKD 5 (KB ALIEAHE , IEHE M BLKC M RME KL S MER KB HEMHX, XA E 5B W HE
B LREESMIREENRERE X,

BLKA BLKD BLKB BLKC
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Fig.3 Correlation coefficients between dependable standard chronologies and different seasons and different ecological climate forces in upper and low limits

forest of the eastern Tianshan Mountains

@ iE M1 positively correlation, © i #13€ negative correlation, A #if 95% BIFH K significant test with above 95%

TRA AL K E5RBEREAELHEEHE AAEX(E3), MBEH LR ERRE—FRLT HAEHR
RO HHARERERRBRAMRAH TREMMMAERKET ;R wRALZHEETESE N EMNT
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B MR P RAE R B — 3k, SR AR L IR R A KR 5B 15 B2 AR C T T PR 8598 18 5 2 I A
K, X—RAMAERGREAKBHARRARIEMTHN B, XHUEEHERTERKERAICEHR
WMARE S EHKDRIRMHE B AR AER W FHETRORAT R, Ko BN AL K89 £ B R 5 4% E
TLORBKKDZUEEARTHAEK,

2.3.3 WREEHEBIWARPEKOEN ST ARAERERFROUTAIAFEESN(NMSERT
BRI, B ZRA B B A KRR ENE > . AR5 A M K458 PRECON M AREF™ kMRS
B F RATH A KX B ARG R T AR R ) BTAR, LAXT B R LU AR FR AR L F FR G 4 1) S 7% I A 46 38 9 B 89 4
REREMNAFEERNEN . NE4FESNERDALEL WAREKABREZFHBRAEKBHES
Rt RESBREFEKNARTEH WAMPEKNBRE(FE2)BSTEBBREMN LU E HETS
BHETFHHBRR, LHE | FHREHNEBERREEEZWN, X~ ARSI EH SREAZABERAER
HYERZE (BB B RSRAR s AR A X SR B 7 B i L PR 78 T b R T %o A 30 4 K 9 00 J0 7 kSR A% AR IE
FEMRMBIE, XUA/PMERHERTIELEIKBEENARTERERMABEEKNTIERA,

£4 1961~ 199 EFRRASKEFRWPEKH G 3)HBREEREMINRER (%)

Table 4 Variance in 1961 ~ 1999 different climate forces and previous growth to ring-width indices { % )

ig:o3 o ] R T4 o e R i
KEAMEEK  BIPEK 1 W] L - CIEZESS 51 1 L Rk RMPEK W
Temperature and  Preseason Total preseason Total - preseason
Temperature . Precipitation
growth variance growth

o ; Total variance
precipitation growth variance

BLKA 27.0 41.2 68.2 18.0 33.9 51.9 24.1 31.1 55.2
BLKD 39.6 43.6 83.2 29.3 42.6 71.9 32.3 39.3 71.6
BLKB 24.3 37.1 61.4 16.6 24.8 41.3 19.7 24.9 4.5
BLKC 30.8 30.3 61.1 22.7 24.3 47.0 14.4 24.7 39.1

2.4 RHES TEAEXT S A& B 1 0 N Y9 43 B 36 HIE

I AR A R SR B 1 B e L 43 458 o, B B 4 S SRBE S R R FRAY BLKD St AU 4% B T4 32 55 9 i B 36
BROBFLL, N T BT B R R A K M BRI B T, A BF ST BB BLKD SRAE ST K E R4S IE E B B EE 4
Hr(E 4), AFFRER BLKD £XRFH| H R 18 HE R (0.369) 8 1992 FER MM IHERERFH 1987 &£
FR1.482)DHN G —FEMYEMIEEFREFRSITX L (WE 4), WAREKSHEE AN FHMHERE
TSR EA (A 2) T FR BLKD FAA EEMH MM ARERNEERFER—F 11 AR Y4E 6 AH
MEBEMEK HE3 AGMSs ABBRER1 AHREK, ZFRURT—F 11 AHH44Ee AMKAFHRE
MALREKBERNG AR ARER ™ EREZLNFERE. 1986 £ 11 ABFEFHRBHEHEAYBMRK 1.6CE
A, BREKEL 4. 3mm, BREBENER FLERFKSETEPXTREHOEKE; M 1991 £ 11 AHFEHRE
R4 AHER 3.0C,FEKB/ 6.0mm, REBSME LFKIMHER, TR, 5 —F 11 ARRBHNFER
1991 EF-EERMEREFRERZ —, 1987 F 6 AR PSR LHE A HIRMK 1.9C,FF /KN 48.2mm, T 1992
E£oAMFHRBLUHEAHBER 1.1C,FAKBED 13. 1om, XEATLUEN 6 ABHEKHEZERE R/ AE
REETUHFERE, LRWH, 1987 F 6 AR MIFEK, N L E—FELFREKMF BT LIR A, B
HIRE 7.8 AHBEKBL MELERARREERKRER TRENFER; M 1992 4 6 A HEKE A BREHH
wLOERARRKERE, MEE—FE 11 AHEBREE.F6 AMEILHKSRKKHMBH THAKAEK, ATEYE
ERTEENER. 192 FHERKEG~-4 AMEFREFNERLT.3~4 AGRENKBEMETHARNE
FEBAFHHER XUWEERERMWERZ —. B, XS AT A4 K XS 5% E F e 5 f 2
AN EEH - LAFFTHARKARAEREEANAREERTHUNEERFER, X5 TREMKX, it
FEEKFUR—BNEERERKREN, P EASRERNEZHEELREEROBRHETF HPLOWNXEFE
MR IR 771 s A — 3,
3 it

HATSRIANFA LBOR ALK FEZSBHOEETMEA FROMAEK T EZEKOE R W
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Fig.4 Anomaly of mean monthly temperature (MMT) and total monthly precipitation (TMP) in 1986 ~ 1987 and 1991 ~ 1992

BEHECRELAARFREESSBEATF(FERRNBAMKMHEXITEN, FREFESSERTAE
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