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Abstract; Although tree growth is mainly dependent on natural climate conditions, factors such as microclimate, growth of
the previous year, tree age, and others may also affect tree growth. In dendroclimatological studies, it is generally assumed
that the relationships between tree growth and climate factors are age-independent after removing the biological growth trends
related to tree age. However, in some multi-aged forest stands, climate-growth relationships may be biased, because the
trees’ chronologies respond differently to climate factors depending on their age or size. To assess this age-dependent effect,
in this study, we tested the consistency of climate-growth responses in tree-ring series from Picea purpurea trees of different
age classes in the Wanglang Nature Reserve, Sichuan province. In the concentrated distribution area of the upper limit,
spruces were grouped into three age classes: trees younger than 100 years ( young age class, YAC) , trees 100—200 years
of age (middle age class, MAC) , and trees older than 200 years (old age class, OAC). Residual chronologies of the three

age classes were built to analyze the climate-growth relationships using correlation and response functions. Correlation
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analysis indicated that the radial growth of the YAC was significantly and positively correlated with mean monthly
temperature of the previous November and current February, June, and September; mean monthly maximum temperature of
the previous November and current February and September; and mean monthly minimum temperature of the current
February, March, April, June, July, August, and September, and it was significantly and negatively affected by monthly
precipitation of the previous December and current June. The ring width of the MAC was positively correlated with mean
monthly minimum temperature of the current April and July, and was negatively correlated with monthly precipitation of the
current June. The residual chronology of the OAC was significantly and negatively affected by mean monthly temperature of
the previous August, mean monthly minimum temperature of the previous August and current September, and monthly
precipitation of the previous December. Response analysis showed that radial growth of the YAC was significantly and
positively correlated with mean monthly maximum temperature of the current February, and mean monthly minimum
temperature of the current February and April. There was no significant correlation between radial growth of the MAC and
climate factors. The ring width of the OAC was significantly and negatively affected by monthly precipitation of the previous
December.Overall, our results revealed that with an increase in tree age, the sensitivity of spruce to climate factors was
reduced. The responses of young spruce were significantly correlated with temperature before the growing season and in the
growing season. The chronology of the middle-aged spruce showed a significant and positive correlation with monthly mean
minimum temperatures in the current April and July. The ring-width index of old spruce was significantly negatively
correlated with monthly mean temperature and monthly mean minimum temperature of the previous August. The “lag effect”
of high temperatures in the previous growing season was prominent in the old spruce. Spruce within the young and middle-
aged groups showed a significant negative correlation with current June precipitation. Adequate precipitation in December
was not beneficial for the radial growth of young and old spruce. Our study may demonstrate that future studies should

consider the adaptive chronology of age span for spruce in this area to avoid losing or magnifying the climate signals.
Key Words: Picea purpurea; age; radial growth; climatic factors
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Fig.1 Standard chronologies and sample numbers of P. purpurea for different age classes in the Wanglang Natural Reserve
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Table 1 Dendrochronological statistics for standard and residual chronologies of the P. purpurea at different age classes in the the Wanglang

Nature Reserve

Lt YAC HHit gl MAC Zi#4 OAC
GEiHEHIE Statistics characters
STD RES STD RES STD RES
BB/ B No. of cores / trees 33/33 27/24 27/18
At 18] F£ 471 Record period 1911—2009 1852—2009 1667—2009
R MS 0.123 0.148 0.131 0.123 0.106 0.132
brifE2: SD 0.172 0.121 0.257 0.107 0.194 0.114
—Br AR AC 0.591 -0.192 0.879 -0.002 0.777 -0.093
IS HEIX BI04 Common interval analysis 1950—2009 1900—2009 1800—2009
FEERE 445G R 40 RBAR 0.281 0.378 0.263 0.299 0.263 0.352
FEA SRR EPS 0.910 0.940 0.865 0.885 0.887 0.923
{5 L SNR 10.155 15.789 6.413 7.693 7.831 11.970
—FHEAR R PCL1% 33.4 41.2 35.2 34.2 32.4 38.7

YAC: §1#4H young age classes; MAC ; 1220 middle age classes; OAC : ZH#E 4 old age classes; STD : Fr#fE4FE3 standard chronologies ; RES ; 22 {H 4F
2 residual chronologies ; MS ORI mean sensitivity ; SD ; FRifEZE standard deviation; AC1; .— [ F A R EX autocorrelation order 1; ;RBAR:; RO TE]

S AH S 224X mean correlation among radii ; EPS  FEA SRR ZE M express population signal ; SNR ;{58 b signal-to-noise ratio; PC1 ;55—

HL variance in first eigenvector

R AEAR A R



14 ST A5 PG o LA [ AR 5 SR 5 A AR ) A R A A 7 g i 5

22 RIS 3 SN TR 035
T A RA T EEMEROERIESSEOIET 030l o % o Y 0000202169

FRMEAE A, A SO (AR R R4 B Tk £ $

KRMBIMH Y SRRE 3, MTARATSER, 5wt .

MBI R AN, AR AR TRAE 3 8 —L

W B4R 1L BB 44 2,6.9 ABIAFHAR, | -t $e

11 A0 CE545 2.9 A0 B m Ui, 2445 2.3, 10, 100 200 300 200

4.6.7.8.9 A T BT 4 S A BOR R 14 il Al

12 A5 544 6 HIFOR B F AR, W REIITY @y Tmaseemgfspssises sux mRxEs
gERRI AR IRES M4 2 A H R . Fig.2  Correlation between sensitivity of P. purpurea samplings
HAP S E AR R AL G4 4 3 9 H P2 5 flR Ul . and ages in the Wanglang Nature Reseve
FHIEMR,
X T A7 [ AR AE TR BOCRAT B AR JC O ZR 1 AU IR AR b ATE AR o A v AT TR, v i
LRI AR AR 2 A4y 7 A OB P B AR R 3 IEAEOG, TR 25 4F 6 F 0y AY IR 35 A5G
XFFEEHBAZ T s, B4 8 A aYH FR il F R BRI LSS 4R 9 A i H 28
AR 5 AR FR 8 B 35 5URH OC 5 AH OG5 0 37 bR SO BT 0 285 SR IR B 4 12 1 Oy YR 7K 6 A28 ) A= K ke B I 1)
T,

3 e

31 WIRRAE RS R

A 3 MBRAERFHEX L (R 1), KB 2 ER B U B & T i 5 28R s 2838 D ik =2
FRAFE 2 o et di 22, Ul I 2 2 A2 00 T o 10 B 1) 2 A B A URR A SRR S AR 1 R/ e R ENIE 13X — 4R
(KEl2), 2 PR LA X V8 35 3K 50 VD M AS [R) AR M A ( Pinus tubulaeformis) It A& BR, ZINME G FA B T
MRBURRES . T T RKINSAZ (Picea schrenkiana ) BEAF- 25 A0 B AF AR, 45 5 7R o i 21 A 4F 26 o
TR F AL G B — NN KRG B 72 AR X =4 A i 3 B o ) B0, 5 A F 2 1) 285
SR T 2 50, B D DR T A AN [ AN [ S e AT 1 (AR AR A A B RS — B e B 1 SRR
IXCEER R FEI AT X, I BB IS A2 B3 G A TS5 1o 3 BT T
3.2 N[EIARH AR X A AT 1 A Wi b7 22

AN TR I A X T R U AE AR R B 22 S, iR 2 w42 X AR i ( B4R 11 Ay 244F 2 A
B3 B AERZE(6 H AR 9 A4y) iR BL Y 7 H B B AR G | AR R B AR K ZE T HIR 24 A R T~ oA 1) AR
KORE 44F 2.3 4 A ) 6.7 .8.9 A B FERARUN . AR R EZERTHYTHEA F) T Uik S A2 Bt 2o &
7 D ARE I R A T B o R R A B T A R SR A S i A O AR A K T R R AR
(YA 6 A0y) ITHRBEBSE & 2 AZ RN 5 A KA RGP SR E R B R ERRER, K
R (Y4 9 A0y ) Bm WA A T RE AR R I ], 2 e 8 7 AR . TR X — XIR AU A 7T R 5
Wi 4 5 AZTE U TG PR I OGS R 2 BRI R BRI B R A R 59 R L A KRB BRARMAOR 5 3R
SeTE AL RIS S BRI 0 0 1, IR AR AR [ A 2 T i 4 5 A2 25 (AR R AL 245 4
Ay 7 A0 A P AR 3 IEAHDC, T 2 A FR AR R [l A (14 ¢ FR ik s 294F 6 Ay Bde i H
B SIRAA P EARTIRA R T AR m A K B AR KT M A KRR BRI i = 248 m AR K
SR T, B 2 mAZ AR RO AR A KR S K R R AR B U, S8 AT IR 2 = A2 A ]
LR ZAZ N (HAE RS T8 L FR R AR 2R KR ( HAE 8 A ) M A PR AN H P S SR AR IR 2 s ) ]
HITAFHOCIC R, 7 P AR R A A G At s B4R 7 A Ay 8 Ay S48 9 A 4y iy A P34 R A 72



6 A

B

o 36 &

ahipl

2 bl Eikal

04 F AT Tean H PR Tnean 104

*
;
/)
A
4
7

R R

Correlation Coefficients
LSS
Response Coefficients

6 78 91011121 2 3 456 78 9 67 891011121 2 3 4 56 7 8 9
H % Month

3 AERALRZEZEERERASGEEFHEXRMERXR( « P<0.05)
Fig.3 Correlations and responses between P. purpurea residual chronology with different age classes and monthly climatic factors in the

Wanglang Nature Reserve. * P<0.05
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