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Abstract: Global climate change has a profound impact on forest ecosystems. Stable isotopes in tree rings are an important
tool in studies of tree response to environmental factors. In this study, four tree-ring stable carbon isotope de-trended series
(8"C,,,) from southern and northern slopes of the Tianshan Mountains were established using tree ring samples collected
from the Aksu River Basin on the southern slope of the Tianshan Mountains, the Ili River Basin and the Issyk-Kul Basin in
Kyrgyzstan on the northern slopes of the Tianshan Mountains according to the stable carbon isotope methods. Analysis shows
that the tree-ring stable carbon isotope values on the northern slope are lower but more stable than those on the southern
slope of Tianshan Mountain. The tree-ring stable carbon isotope on the southern slope has shown an obvious negative trend ,
especially after the 1970s, while the northern slope is relatively stable over the past 160 years. Further, the difference in the
response of tree-ring stable carbon isotopes to climate on the northern and southern slopes of Tianshan Mountains is
discussed. Correlation function and collinearity analysis are used to reveal the relationship between the tree-ring 8"°C_ and

various climatic factors. The results show that the tree-ring 8" C__ on the southern slope of Tianshan Mountains is
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significantly negatively correlated with precipitation and relative humidity during the growing season, but has no obvious
correlation with temperature. It indicates that the main climatic factor affecting the stable isotope fractionation of tree rings
on the southern slope of Tianshan Mountains is the moisture condition in the growing season, especially precipitation. The
tree-ring 8°C__on the northern slope of Tianshan Mountain is significantly positively correlated with the mean temperature
mean maximum temperature and vapor pressure deficit in the growing season, especially in summer, and negatively
correlated with precipitation and relative humidity. These results indicating that the influencing climate factors of tree-ring
3"”C,,, may be more complicated on the northern slope of Tianshan Mountain. Further analysis shows that summer
temperature, precipitation and relative humidity jointly regulate the tree-ring stable isotope fractionation on the northern
slope of Tianshan Mountains. Overall, the climate factors which influence tree-ring stable carbon isotope fractionation on the
southern slope is more than that on the northern slope of Tianshan Mountain. The main limiting factors affecting the tree-ring
stable carbon isotope fractionation on the southern slope are precipitation during the growing season and the synergistic effect
of precipitation and relative humidity. While the process of tree-ring stable isotope fractionation on the northern slope of

Tianshan Mountain is synergistic effect by the summer mean maximum temperature, precipitation and relative humidity.

Key Words: Tianshan Mountains; Schrenk spruce ( Picea schrenkiana Fisch. et Mey) ; tree rings; stable carbon isotope ;

climate response
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Table 1 Basic information of sampling sites on the northern and southern slopes of Tianshan Mountains

R EA 5 4 7R Tk Wi WeRE el
Sampling sites Codename Latitude/N Longitude/E Elevation/m Aspect Slope angle Canopy closure
FALFGH Southern slope FEF P17 41044’ 80°23' 2450 N 20° 0.4
[LiE e BZD 41°49' 80°38’ 2550 N 15° 0.2
KILALHE Northern slope TRBdE NLT 43°15' 84014 1995 NW 10° 0.6
ARG KIK 42042 78°56' 2350 N 10° 0.2

1.2 REARFEE Bk [R5 3R 7 51 i ST

T O ARARE A AR I AN T vk 6 I RE S R T T8 1815 AT S SO AR, FTRE 8 0.001 mm A58
Pi I 1A Measure)2X P2 PP #EA 740 56 0 & 5 F [ PRAERE 2 Y COFECHA & 4F ot i 428 il % e 047 38 SO 4R 1Y
Krge > B R — A KA A A MER Y H D4R 55, R I ARSTAN AF SR AIF il B2 ) 56 U 46 B 135 41 3% 110 2
SEPY S RS SUE AR ISR b SRRV B | FLOA I AR R S R SR OCER i, AR 1 S AR
CHERRARTUE R R B TEN R, WA LA EARIE , B s e APk 1 4—10 B AR O 2 WUm T 1 A H
MAEAE, A T REGRLIA RN ' R BREE0 2 /0 30 48 A I AR JT7E S A8k T HEA T AR A A7 85, 85
I AR IR A SO AR 1 o BE BSCHE  FF R] — H AR AR ESIR B . A ATR & 3R { (MM400, Retsch GnbH,
Germany ) X 45— 4F 1) B A BIF I8 A3 B¢ I 8 70 TR A, % 1k € 0 F R LA 8 A [l R AF 8 . R A
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1112; Thermo Fisher Scientific, Waltham, MA, USA) Fl%& % [F] 43 F B i1 (MAT253, Thermo Fisher Scientific
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PRfE(=16.0%0) o [FIE 3R i A9 70 HT i 22 (ARUEZE ) /N T 0.05%0, Fai i Bk [F] 32 28 e 3K SR ORI X 2 B e R 2 3K
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Fig.1 The four tree-ring stable carbon isotope series(3°C,,.)
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Fig.2 Comparison of climate change between the northern and southern slopes of Tianshan Mountains
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Table 2 The statistics of tree-ring stable carbon isotope series

. . — B BAEE . i - ” SRR
5 R ) Bkl BME i Jrk . Mz W o
; First-order . . 7 Standard . Coefficient
Codename Years . Maximum Minimum Mean Variance L. Skewness Kurtosis .
autocorrelation deviation of variation
PTZ 1900—2014 0.636 -18.320%0  -22.400%¢c  -20.419%o 0.729 0.854 0.163 -0.336 -0.042
BZD 1876—2016 0.704 =19.794%0  -22.489%0  -21.245%0 0.435 0.660 0.108 -0.800 -0.031
KJK 1904—2015 0.354 =20.770%c  -23.070%0  —22.050%0 0.190 0.436 0.223 -0.180 -0.020
NLT 1850—2014 0.416 =20.720%0  -22.430%0  -21.525%o 0.096 0.310 0.026 0.360 -0.014

PTZ: SR T, BZD: WAUH, KIK: %58, NLT: IR
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Fig.3 The response comparison between the tree-ring 3'*C_, and climate on the southern slopes of Tianshan Mountains
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Fig.4 The response comparison between the tree-ring 3'*C,,,,and climate on the northern slopes of Tianshan Mountains

AHXHRRE B3 A G, Horp  BZD A1 PTZ 5548 K Ze R K it B A 56 R 800 501 15 #1 - 0.618 (=58, P<0.01) Al
-0.591(n=56, P<0.01) ; 534k, RILFGH ARG 48 8 C,, FA SR AIKIAE T B ( VPD) BYAH & R Bl i i
T 95% M WEFEMERES . DA EICIS RS 87 C,,, S REACRIAR X 0 BE 14 T A OC I8 J2 5 VPD B IEAR DGR T
S R 1Ly R R A R ik TR 057 28 43 R 1 e e R o AR K K g, RO R K

%3 XddtEme 8- C,,,, SRESHEX
Table 3  The correlation coefficient between the tree-ring 8 C,, and climate parameters on the northern and southern slopes of

Tianshan Mountains

Cuflgzme T59 T,.39 P59 RH59  VPD59 T68 T,..68 P68 RH68 VPD68
Kl BZD -0.143  -0.277* -0.618** -0.420*" 0318*  -0.053  -0.251 -0.564** -0.383"" 0.299 "
Southern slope PTZ 0.040 -0.112  -0.591** -0.350** 0.284*  -0.003  -0.149 -0.522** -0.309* 0.253
Kl NLT 0.043 0224  -0.226  -0.358** 0.314" 0.101 0.299* -0.300* -0.427** 0.388 **
Northern slope KJK 0.367**  0.492** -0.553** -0.427** 0.508**  0.454**  0.586"* -0.536** -0.534** 0.560 **

T59:5—9 A5 Mean Temperature from May to September; T, 59:5—9 355 Mean maximum temperature from May to September; P59.5—9 F %
K% Total precipitation from May to September; RH59;5—9 H X E Mean relative humidity from May to September; VPD59;5—9 A 41 7K 5 B Bt Vapor pressure
deficit from May to September; T68:6—8 A -3 i Mean Temperature from July to August; T, 68:6—8 H 41575 Mean maximum temperature from July to August;
P68:6—8 F EFEKE Total precipitation from July to August; RH68:6—8 H KRS Mean relative humidity from July to August; VPD68 :6—8 J 1 FI/K 77 B fik
Vapor pressure deficit from July to August; * F1 % = 7} HIACFARR S 95%F1 99% . 25 VA 45
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Fig.5 Collinearity analysis between the tree-ring 8"°C_,,. and mean temperature, precipitation and relative humidity in growing season of

trees ( May—September) on the southern slopes of Tianshan Mountains
P T il RH 435 g 80— PR K P-4 SRR T B4R X B 0o A2 Bk IR 57 28 VR 5 XL g P34 IR R K B 2305 5, X2 S - 2 SR R X
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Fig.6 Collinearity analysis between the tree-ring 3'*C,_,,, and summer mean maximum temperature, precipitation and relative humidity on

the northern slopes of Tianshan Mountains
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