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Abstract

Aims The DaHinggan Ling is amongst the areas in China susceptible to climate warming. The objective of this
study is to determine the responses of radial growth to temperature variations in Larix gmelinii growing in differ-
ent parts of the DaHinggan Ling in the process of climate warming, by using dendrochronological techniques.
Methods We collected tree-ring samples from the southern, the middle and the northern parts of the main Da
Hinggan Ling, developed site-specific ring-width chronologies, and synthesized tree-ring indices of the southern,
the middle and the northern parts of the study area according to the first principal component loading factors for
each chronology. The relationships between radial growth in L. gmelinii and temperature variations were deter-
mined with correlation analysis, and the differences in the responses of radial growth to temperature variations
among various parts were analyzed and compared with principle component analysis.

Important findings There were notable discrepancies in the effects of temperature variations on radial growth in
L. gmelinii between the southern and the northern parts of the study area (the middle part > the northern part > the
southern part). In the southern part, the mean monthly temperature between the previous November and April of
the current year had a significant relationship with tree-ring indices (p < 0.05). In the middle part, the mean
monthly temperature during March and October of the current year had a significant relationship with tree-ring
indices (p < 0.05), and so did the mean monthly temperature during June and August of the previous year (p <
0.05). The mean monthly temperature during April and May of the current year had a highly significant relationship
with tree-ring indices in the northern part (p < 0.01). This study suggests that the warmer and drier regiona cli-
mate condition caused by elevated temperature has resulted in that soil moisture becomes the main factor limiting
the radia growth, and the relationship between tree growth and temperature variations signified with aggravated
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soil drought under climate warming. The productivity in L. gmelinii as reflected by basal area increment experi-
enced a shift response from cold stress to water stress. In addition, the radial growth in L. gmelinii in the Da
Hinggan Ling will likely to show a declining trend in the southern and the middle parts, and an increasing trend in
the northern part, in response to rapid warming in the coming decades.

Key words climate warming; the Da Hinggan Ling; Larix gmelinii; tree-ring width; radial growth; temperature

variation; sensitivity
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IPCC, 2013), HH 5| & AR gy A0 A i AR A0
A PR R A Y R B AE 3G N, T R I v A
HRESRG, TCHRARBRAS RGEE AR K
LT 50 (Alverson et al., 2000). [, ¢ TS M8
BT AR AE S R AR O 8oh B A IR 34 S

T IHFA (Larix gmelinii) 32 5250 A5 T 3 [ 4 kA8
A FBURR X 355 (28 U 45, 2006)—— KDL IS AR X . K
HAR BT RITEHAA MR AE S R G e K IR Hu X AR
FKHBERBRNES RS IEHAME NS HX
PIPEAR R, BA e K ERAE S R s, BRI
SRR FRBR B R BLAR 1) AR KSR AR A SRR 1 R
T E B 2 FH T AR AR AR 252 40 AT (0 B AR B (R A
5E, 1990).

HAT, JFJEIGT RS2 H X R 4% ) A
M) )87 A AB AR B 07 T B SR A L B i %8, AEAT
RO, EAefekem i X, B & & BRIE T,
TR A A K i P 1) 0 B P4 1K (Jacoby & D’ Arrigyo,
1995; Briffa et al., 2010), AW EH 7KL, BEE
A BRIR BT, WA A K K IR R I SO T
(Andreu et al., 2007), TR T SARAZBERT A LE &K
P25 e m, R, FRIE 5T R D 2208 il X V& i A
A K SR AR O R SR T E R,
Ly A R B8 B 5 IR % X A A e i 7 O R
FR%E L (CE NN INAS, 2005) A [RIAR WA V& H-FA 2 46 98
AT SABAZ Ak (1) 18 82 22 5 (Wang et al., 2009) Fi1F)
FH V& TR B %G R 4 A A B 2R AR 4k (Chen
et al., 2013), SR M AR R f AH [F) AR 15 (1) V& A%
A KRR AR I FE AL 2 B SR D BeE, KT
Vo IR FE DT R I AR K 5 SR AR R R IR 7L 2 4R
o T 5 3 I I 78 A R X (Andreu et al.,
2007; Kujansuu €t al., 2007; Sano et al., 2009; Wu
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et al., 2012; Bryukhanovaet al., 2013). Aitt, &K
R T IR 22 L X i AR 58 v B AN, R N R
AREEHC 5 T AR 1 T8 P A o 7 = A A T 119 A A
KRGS, DA RN ZIE RS RS
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o N AR ER 2 B DO A A R A Bt
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Fig. 1 Locations of sampling sites and meteorological stations
in the study area. AEL, sampling site of Arxan; MHL, sampling
site of Mohe; THL, sampling site of Tahe; TLH, sampling site
of Tulihe; YTL, sampling site of Yitulihe.
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Ty R 2 UM o N 22408 LRI SE X IR 23,
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Fig. 2 Monthly mean temperature (curves) and monthly pre-
cipitation (bars) in the study area. M, middle section of the Da
Hinggan Ling; N, northern section of the Da Hinggan Ling; S,
southern section of the Da Hinggan Ling.
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F1 EHRERGURAE
Tablel Statistical characteristicsin the Larix gmelinii chronologies

12 HAREMFEREL

KA ST AE R D622 08 F Ik E 76 e B AR AL E )
/R I (AEL). BIEIA[(TLH). K EF(YTL). &
T (THL) AR (MHL) 58 4 (K1), i e ATk
T FAb AR SR R R R AR A K B2, 7R R G K,
FH 425 mmif A= A HE 75 B A 1 16 45 Ach ol OB S5 A
A, REREL-30S, LA Y 1) 184%K T A (1352
Oro FEFECHT BT A0 3 R FH A0 A R D 408
PFTBE A RRAE BB FIEMTHRA N IR, RS IEATAC
X (Fritts, 1976; RAE, 1990), FEHIKEEN
0.001 mmILINTABSH4E % FE Wil &4 (RINNTECH,
Heidelberg, German)lll &4 5E1%, R COFECHA
FE 7 (Holmes, 1983)#: 46 28 Y 5E F 1) 45

P B8 FE AN 2 IR A AR S R 2, R 52 3
H & A B - pd% ], MR AR R AT L B AR B &
(A Kt (O 7o i 45, 2015). AHF 58 AARSTANAE
J¥(Cook, 1985; Cook & Kairiukstis, 1990) At i)
Signal-Freef /¥ (Melvin & Briffa, 2008) 7 #2 it 1)
Friedmanif 2000 & AR ZE K5, FEH BRIES R F
FAA AR ESRA BRE, BB FR(SdCmn).
Sig-FreefF3R(SsFCrm).  F20E Ja IR HEALA R (StdSt)
Fa 52 J5 [ Sig-FreetE 3% (SsfSth) 41N 4E 46 55 7 41,
2 LLE I 2RSS 1 Sig-FreeF 3R (SsfCrn) Ay 3=
AT T

H{1901-20104F M % R A A LX) %
AR RREA SRR (EPS) £ 1901-20104E ) K T
0.85 (EPSK T-0.85 4K HH R X [F](Briffa et al.,
2010)). FRIHANG T E B BUR L (MS)FIE
I L (SNR)Z 1A B T Gl 2R, @ HAERA S
WHFL(RL): PP B L (M S) -SRI A X AT A 2
b AU (Fritts, 1976; Cook & Kairiukstis, 1990), it
i 1£.0.15-0.802 [A IAE R, At 22 S AT 55

A5 Sampling site

[ /Rt Arxan

KB Tulihe  HEHE Yitulihe 339 Tahe i Mohe

RS Codesof chronologies AEL
FEEH Number of cores/sample trees 7133
PHEIBURIE Mean sensitivity 0.191
FrfEfR % Standard deviation 0.226
FEA SRR Expressed population signal 0.957
{ZM: . Signal to noiseratio 22.267
AT AT RERE - Component matrix PC1 0.431
PC2 0.694

TLH YTL THL MHL
64/31 63/31 85/50 68/39
0.196 0.149 0.152 0.180
0.230 0.163 0.195 0.206
0.976 0.928 0.964 0.974
40.567 12.846 26.813 37.763
0.890 0.820 0.722 0.668
0.304 0.219 —0.525 —0.555

PCL, 38— F sy, PC2, =T M.
PC1, thefirst principal component; PC2, the second principal component.
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Fig. 3 Changes in the regional mean temperature (T,), Mr lvanov dry wet index (K value), freezing index (F value), the basal area
increment (BAI) and their 31-year moving trend coefficients. A, Regional mean temperature and its 11-year moving mean (11 Mov).
B, K value of various parts. C, F value of various parts. D, The basal areaincrement in Larix gmelinii in various parts. E, F, G and H
presented the tendency coefficient of T,, K value, F value and BAI. M, middle section of the Da Hinggan Ling; N, northern section of

the DaHinggan Ling; S, southern section of the DaHinggan Ling.
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Fig. 4 Correlations between tree-ring width index in Larix gmelinii and temperature. A, Correlation coefficients between tree-ring
width index and temperature in the southern section of the Da Hinggan Ling. B, Correlation coefficients between tree-ring width in-
dex and temperature in the middle section of the Da Hinggan Ling. C, Correlation coefficients between tree-ring width index and
temperature in the northern section of the Da Hinggan Ling. P6, last June; P7, last July; P8, last August; P9, last September; P10, last
October; P11, last November; P12, last December; BG, pre-growth season; CG, current growth season; PA, last autumn; PG, last
growth season; PW, last winter. T,,, mean temperature on a monthly and seasonal basis, Ty, Mean maximum temperature on a
monthly and seasona basis; T, mean minimum temperature on amonthly and seasona basis.
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<0.01). thhbh, MEREHMAKS FAFEILH 2444
H P 3416 5 B3 AH 5% (r = —0.300, p < 0.05), F1#kivk
AR K 5 M9 3-10 A PR E B E MK ( =
-0.335, p < 0.05), Jb#EHIAEKEABH (K
i, BG) VXl Bl 2 E M % (r = 0.388, p < 0.01),
F R H 21 B (1 U AR A VR AR AR ) A= K TR 5 )
HAA RN,

T RA AR K XSO s IR AR R S R
R TS R — 2, Bl FE i ERKS
HLETH(r = 0.215, p < 0.05)[X 8t s T 1575 5 2
EAOR, PEEMIAEKE FAFE6H (r = -0.360, p <
0.01). F4FE7H (r =-0.204, p< 0.05). FFEAKZE(PG,
r =-0.331, p < 0.01)F144£10H (r = -0.238, p < 0.05)
(10 DX S 5P 35000 B B S A O, ALEVE A AR K
MAESH (r = 0.242, p < 0.0)AIEKZERI(BG, r =
0.199, p < 0.05) 1) DX 45 st T~ 35730k FoE il 25 AH 5%

DO P2 TN 3 I 2 2 R I o2 ST N S
SRS TR B 45 $(1960-20104F) £ A M R B #51
F RSP (RP = 53.1%) 5PDIH R FHI54(r = 0.333, p <
0.01), H By /R 1L AR 56 B8 B2 F8 HOAE 55 13 oy 149
o3 Z B (M B R R )iz /N T HAR & A B2 g
(R = 25.8%) 5 [X 34 - 143 1% 15 25 HH % (r = —0.308,
p < 0.05), H&SIEE2F MR RZEENRK
(AT 7R L >4 ] ] > P LYY P ERLYT), 15 B
FEEXoF 5 A AR A R B A4 FH A > > R 1
2.3 EMAAE A XR R i [ A B (8] Bh 7S 4 4

Th IR i) A o T (e 238 5 R S VA
ImAEKS FEILAZEME4A NP REE
195219824 2 J&i St B,  H UK T 2 eIt 5 %
fria s (EI5A); vk ek K5 4 3-10 A 1°F
573 P 72 196819984 2 J& 5 A M 7, U F o
H 7£ 197520054 2 J& ik 2] & % K F (5B, p <
0.05); dbiBvart a4 &5 1445 (K=, BG)
P 3573 B AE 1951-19814F 2 Ji S 1WA B, B FE 2
THiEE s (K5C).

BL T FH I A M S ST VR I AS AR ) AR KA R
N 5 R ER I AR R B B W AR G (p < 0.05)1) |
E1LH F UEAH P AT AR T AR e YA
FASEBRAEK9%, %G IfRREE N7.3% (r = 0.3,
F = 5.3, p < 0.05), fiff & Bl 2 i Rk A A2 AL,
19884 (AL ) Z J5 Al i RE 11.6% 1) % - Ha AR K

AR, 5 RS AR SR RS TE R B2 A 9K (p < 0.05))
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Fig. 5 The climate response stabilities of tree-ring width in-
dex to temperature variations in Larix gmelinii. A, Temporal
changes of 31-year moving response coefficient between
tree-ring width index in L. gmelinii in the southern part of the
Da Hinggan Ling and the regiona mean temperature of Novem-
ber to April, together with the tendency coefficient of the re-
giona mean temperature of November to April. B, Temporal
changes of 31-year moving response coefficient between
tree-ring width index in L. gmelinii in the middle part of the Da
Hinggan Ling and the regional mean temperature of March to
October, together with the tendency coefficient of the regional
mean temperature of March to October. C, Tempora changes
of 31-year moving response coefficient between tree-ring width
index in L. gmelinii in the northern part of the DaHinggan Ling
and the regional mean temperature of April to May, together
with the tendency coefficient of the regional mean temperature
of April to May. Cylindrical bars represent the 31-year moving
response coefficients, and the thick curves represented the
thermal tendency coefficients.
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R EfRRE R T R S PR AR K 122.7%, TR S
(AR N19.7% (r = 0.477, F = 7.361, p < 0.01),
19824F (AL y) i W] LAfi# B 56.4% 1) 7 I AE
KA, SAbAvE AR s EE R B E AR (p <
0.01) 1 445 H ~F S5 I 5 vl i Af b A b s s
SEPRAEK 113.9%, SRR N123% (r =
0.373, F = 3.1, p < 0.01), 19764F (5848 E4) J v LA figt
FE16.5%I1 V& s AR K AR .

3 it

31 EMAAE KR R A
MW AT g, S i A B R 2= e,
D] 7 AR AR A2 R T P A A g i IS R B B S P e
ZE5t. AR H TEE ARG R A R KR A
B3, (B O 2H A IR AR A RN X SRS A TR K FA Sk
PEXTIZH XA A AR K sE i BE B 2. i, BAF1L
HEMEAH VR EFMPDS (rppg = —0.206, p <
0.05) . ZHH 2%, 1B iZHh XA A A KR £ ) e h 52
BRI A IR . AKZEOUH A L10H )i T+ w2
HEORAR ZF I B (R BYLAZETTA, 1999). 9H M AA:
KRG, (H AR BIIE B FHE %A 15 1 A2 3% 3 (5K
FAE 2010, ZEfELE, 2014), KRIMKEEE T &S
I st 58 7 T A A A o I T DX I 8t R B T 3-9
H TR AR ) A AT R 78 A D 7 e 1, b o i P
FrE 2SR R IR, AR RS2 78 2 K
BRI AN TP AR A K (5K S 5258, 2010). HFI=IR T
e AR T AR S A B, SR R B R N AR K
(Branning, 1999; X[yt AIAR S #¢, 2003). 5HIELE
AN ) KT I N S S S R R A o /N U i S
(Sano et al., 2009). [Kit, JLFBAKZEATHEE i
BET M RAE K . I X R T A R B, BH B
ELRE v, B2 IR RIE (LTINS, 2005), {7
FAF 78 2 I AE K [A]
PEAR A KA 2 R R, 1 HAz R
FE T, IXTEA RS RO IR RN (RAESE,
1990; T KM%, 2005). BIALEK—E BEAEK
Z=I5 15 fUR 5% (Branning, 1999). il#1, 6-8 57 &% i
A AR, WARAEIESIINE, BEAmS A
EE R IR, R A E R T, MR Az 4&
WAEFERIK Sy, SFBCRFEIE A .
ZR A i X P 52 = AR W 52 i) e B S 1) 3
X (EHEE, 1998). A&FTHREH KRR, B5%
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HFA SRR AR B SO R (B4), i A&Z=IR BT m AR
T B3 V4 i AS AR, BE A8 PR T 1 AT R R TR O
o T AT T 56 AT 4R IR (B R 2R R, 1981,
Kujansuu et al., 2007), Z& i A 52 7€ KRR it 1K iR
[z, 4 Re AR AR KR 7K 73 (Chen et al.,
2013).

FRAT TS R BRI AR PR RS X I8
¥ 53R (p < 0.05)F1PDS (p < 0.01) &E M 5%, BT
PDS A B Jiz Bt [X 45k AR FE ARF SR I ], 4 RE
Wb 3R 1) SR (AR A Sk ], 2003), i, %
A AR ) AR KA SZ iR BE A ], 38 W] e 32 45K 7
W KDL 20 1l X S 1 20 A X8 (90N A 2%,
2007; B AR5, 2008), At A Fa K5 TR L3
B AH R R B R HAR A K P Rk 5, T
T R VR A5 IR FE BRAIR, PRI B 1 /K= B IR
P, LIEOROKPEIRSS, e T R AEKTEAGEA
I FA KSR 70 &2 17K 73 (Sugimoto et al., 2002) .
SAEAR BRI R DRI, JUH: H 19844 DK [X 45
SR O R ANEIRIE T R A AR & 5 (E13B.
3F), XAl H a8 B 0 SRR T AR R R D% 22
1B Hh 2R 2SR G0 2 40 R A I — AN 55 B (R 7k W AE,
2016). A, i 5] S I PRSI A48 3K o
06 B R 1) 8 P A A28 1) AR R TR 3
32 HIRTREFMM AR KKK

T RAR ) AR 2 A2 U0 B R R ), RISt
TR ZE I R R R (B4) . — ek, #AR
AKSIREFAESR, REFESIHIR ALK, k2
MR HER A A K (D Arrigo et al., 2008). 74 H-FA7Z [f)
A AKX UL e o 7 i P v 3 s (E5), 15 A
SARAZ R A A K 2 1, F &3 3 FEs,
0 DX 7 P A A K 5 L B T e SRR O, 1 B IR
ET AR KRR, AR X I A A K S R T
rIEARDE, U B R B A — e AR B AR AR AR
Ko BT X AE 191910404 [H] 5 & T ¥ SE | 2N
46.31 'C, 1£1980-2010%F K T°5 CHH IR N2
102.8 ‘C-d (RIRFEH £ 39.046.2 ‘C. KT5 CH
191 000-2 100 “C-difyh X 3d B & a4 K (1 &
%, 2014)), B CAFNE R EM A EKR BIR, £
B AE IR B BUFE 7L X 8 T3 R 3RS B AKX,
PEAAE AL [T 17 DA S8 U 380 e 37 v il 1) e A
Ab. H20M L LURA I X A 2 AAIEL: 2 F 0+
o)A, FEFHERMT B, FIE TR, BUsE R i
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thia# (EI3C). BHEEI N, L8Rl fE 58
Fr 3 R EL R AR 238 3l 2 [R]85 K, {H B 7K )2 S
TIOKG T, AE KA YRR 45 T IR A R R (K
F55s, 1994). [Alth, SARATIE A2 IR AE V& i AA AR K
PR AR A

KD 22 0 b X8 A AR K TE = ol R R R
b, EHERE A, i A Kz g im e T
HNFETE, B KN A] A2 0 - BRI A e e i A P
(KT £, 1994), Frbd, dbiBvsmtfaE KEALT
W I, T AR K 2 PR B 2 (BI3D 3H), 1T
REAE HH TR B ke o 1 IR FR il R R, A
A KA FR 50 P R L - 7R B HBIX, <
A A 1 5 B30 B2 0 ¥ R AR 1) AR B AT R AR
ARl 3G S AR 2 5 IR (BI5A . BB), TIfg
& RN T 3K R 5 R, X 5 H A X
(IR 72 45 J— 3 (Jacoby & D’ Arrigo, 1995; Lloyd &
Fastie, 2002; Oberhuber, 2004; Linares & Tiscar, 2010;
Wu et al., 2012). H3ith XI5 X, MAREK
52 i AP0 F B B, DRI VR R A K e
JIHEREEE TREHA. ESEERERT, A
FINE 1 [X 7% P RA B AR A 77 322 7 1 I AT 2
PREE 3 me )87 7K 73 8 M85 ¥ 4% 7% (Bryukhanova et al .,
2013), 1M LA RF S TR AR IR T K g
i X 9 A AR ) A AT AL o B A
3.3 SIERTEEXM AN LRIGH X EHAKKRERDE
K HI T

T 50 X 3 R AR A AR AR 20t 4B TR, 5
A BRI T3 R S AR [A) b — (48 R - HE B
1995) o A5 AR iz 5 25000 - FHRE B2 0 AR A AR Kk
IR FE AR AL R U B2 T v (1), DRI 9 A A% ) A K
TEMG IR R 2 Ja B E A e . FR, KRR
B )V A ) A K 3 SR S B AR K
B, B AR B AR R 2 B PR 855 A A 1T
i, R T ARSI A A AE K I R . AR
WEFRRIL, FEEA v AR A AR KA ) S R AR
11H BMEAF I EFEA KT YHE3-10H P E
BEMAMX(p < 0.05), JLEEHAR R AK 54K
ZEAT TSR EE R 2 IEAH G (p < 0.01). [Rlth, #HF
FUXUR BEAE AR L H R Rr a8 T, AR I AR K
B R AR AT A .

5T RCM-PRECI S5 A 152 40, (1) P Fob HF T =%
T, 20154 % 20504F [A] K 2% 22 U iy [X i B2 39 5 N

0.054 °C-a“M10.041 C-a™ (Fik %%, 2016), 5E &
HIRET Ea A R, R0 R R A AR ) AR K
EAF104E ) 5 K 45.1%13.9%, ik stz g
KEAF1058 5 1) K B48.3%416.3%, 1M Jb #v% -2
A K EFLI0FH 7)) EFH6.9%H15.3%. KK
ARRE T R, VA HRA 1038 B R 5 A DR % i b
P (ZFI5E, 2006), #HRE B BIE BEM, &
LA REMIRTEM AR A S RGP . IS
RGN AV 7RI, KRS EAR
1E S H AN E M, BT DSBS B — & 1 )5 R
PEo DRI, R DAl B AR IR X DR D 2208 P I FA PR
AR RGUIFEIE, AT 5 AT S A R AL

EEWE BEEa RS A£(41271066. 31570632,
415710944241601045).
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