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Tree-Ring Width Chronology Characteristics of Different Conifers
and Their Relationship with Climate Factors on Yulong Snow Mountain
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(1 National Plateau Wetlands Research Center/College of Wetlands, Southwest Forestry University, Kunming 650224, China; 2

Academy of Forestry Grassland Inventory and Planning, National Forestry and Grassland Administration, Beijing 100714, China)

Abstract: In order to reveal the relationship between tree radial growth and climate in the Northwestern
Yunnan Plateau, the study collected tree-ring samples of Pinus densata, Pinus yunnanensis and Tsuga
dumosa on Yulong Snow Mountain, established a chronology of the difference between the ring width of
three tree species, and analyzed the response and redundancy analysis of the ring index and climatic factors
to identify the main climatic factors affecting the radial growth of trees in Yulong Snow Mountain. It pro-

vides a basis for the management and protection of forest ecosystems in the region, and for exploring the
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forest dynamics of Northwest Yunnan under the background of climate change. The results showed that:
(1) the established chronology of the width difference between the three tree species has few low frequency
changes, and the degree of dispersion is low, and the commonality of the year-on-year change is high,
which can represent the annual ring characteristics of the trees at the sampling point; the mean sensitivity
of the differential chronology of P. densata, P. yunnanensis and T. dumosa is 0. 21, 0.22 and 0. 17, re-
spectively, and the overall representativeness of the sample is 0. 96, 0. 96 and 0. 94, respectively, all of
which are higher than the threshold of 0. 85, indicating that the information in the chronology is represent-
ative. (2) In response function analysis, the radial growth of P. densata was significantly and positively
correlated with the current February precipitation. The radial growth of P. yunnanensis was significantly
and negatively correlated with the mean temperature and maximum temperature of current May, and was
significantly and positively correlated with the mean temperature of current October. The radial growth of
T. dumosa was significantly and positively correlated with the precipitation of current January and May
and the relative humidity of current October, and was significantly and negatively correlated with the max-
imum temperature of current May. (3) The results of the redundancy analysis showed that the precipitati-
on of current January and February, and The Palmer Drought Severity Index (PDSI) of current May pro-
moted the radial growth of three species, and the correlation coefficient of PDSI was the strongest. The in-
crease in precipitation of current October enhanced the radial growth of P. densata and T. dumosa , while
inhibited P. yunnanensis growth. The study believes that the winter precipitation, moisture conditions of
May and October precipitation in the current year were main environmental factors affecting the radial
growth of three species on Yulong Snow Mountain. If warming and drying trends intensified, it will not be
conducive to the growth of the three tree species in the northwest Yunnan plateau, thereby affecting the
structure and function of the regional forest ecosystem.

Key words: dendrochronology; climate response; shade-intolerant species; Hengduan Mountains; radial growth
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Table 1 Description of sampling sites for three ring collections
T Fih (R SR B 1 ] TR Z I BEAR 1 OB /B D
Species Code Sampling time Altitude/m Longitude Latitude No. (tree/core)
LA Pinus densata Pd 2 018.5 3317 100°13'42" 27°08'00" 28/55
LM Pinus yunnanensis Py 2 020.7 2 935 100°04"16" 27°09'48" 30/56
BN Tsuga dumosa Td 2 020.7 3161 100°15'39" 27°10'00" 30/49
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Fig. 4 Residual chronologies and radii numbers

of the three species
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Table 2 Statistics of ring-width chronologies and common interval analysis

i H = Ll P RN =B
Ttem Pinus densata Pinus yunnanensis Tsuga dumosa
FEA B (W /#85) Number (tree/core) 25/46 30/55 26/42
5K Time span/A. D 1874~2017 1931~2019 1952~2019
ZHAE R
Residual EPS>>0. 85 i i A FE B Year since EPS>>0. 85/cores 1933/14 1939/11 1968/13
chronologies
S HURE Mean sensitivity 0.21 0.22 0.17
N X E] Common intervals/a 1974~2017 1952~2016 1978~2017
FREZE Standard deviation 0.17 0.19 0.16
N X | H-B
A /\‘Rllﬂ?fﬁl‘f‘m {5 Mt It Signal-to-noise ratio 21.05 22.01 14,95
Common
1r2t1e9r;/§l_a;gi§és)1s FEA SR 2 M Expressed population signal 0.96 0. 96 0. 94
B — F > 7 22 f# Bé ik Variance in first eigenvector/ % 38.02 40. 26 38. 17

mm 7345 7K Average precipitation 1 /) 2R T 45 4L Palmer drought severity index
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Fig. 5 Response function analysis between residual chronologies and climatic factors
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Fig. 7 Redundancy analysis between residual chronologies

and the climatic variables

AR LR AR A — E B B b B T A [R) B AR
AR50 B FEAE RAFAE L G RBER R I 2 57515

H #f Month
B 6 W 4e T B 22 (8 4 3 5 TR BE 0 N 43 AT

Fig. 6 Response function analysis between residual chronologies and temperature

3.1 MEXXRALME

SO 3 AR AR 1) A R S B A I T 2 2 AR
5 H G IR IE A EEARBUAE 3 DR AR AR 1 A K
H55AMTFRBEREIEMEKERAE D, 55 A
Rk SIEARDCCE 5, 5 5 F iy fcs i 2 67 AR ¢ (&
6) . HEA S H R A A R L T K AR T I A
JEE v T A K A (T 1) 5 il BE T i 2 D s A A 2% I A
e 2 K AT KA TEA AL L 2 BT Rl L A
TAFFRAE R A e 2 Sl (B 52
TERH LA 2 AR AR 4 0 B 5 1 Y 2 R S 5 g Ll
AT LR S A o OE B R
P A5 0 T e T LR AR A K HAT FL LR

RS (1~2 A A B3 A # T 3 A
Pt ) AR (B 5 REL 7)) X2 AR 2 RS Al
DA77 A k2 A 1A AR o A0 A A K B f 5
NHNAFETHN L BWREF TS G LK
{9 18T 7 A A A0 399 A AR R A A B R K R
PSP G R E R T s T K
S g e 8 SR — B R U A R X U L
M X T BB Fof A 1) A R e BEAE . 53 A0 T T



34 FET

S5 e T LA [RS4SR AR 3R R A B S R IR T G R 479

R R R L AR A SR A oY 4 SRR I & PR
KB I A TR AR A K
3.2 HXXEMERMK

AR 10 H RS R K R B 52 0 2 A A2 1)
AR A B TEAR OG5 UM DG (I8 6 FTIEL 7)) L i
B 10 H IR F = B i 42 1) A K R 2L
WM X W T M E R, 10 A
P IR VNI W AR T B N 2 | P o i N B B o1
AR TR R IEA, TTA F T IE R T84 . 164D
UT PN R0 A 5 B 5 op s R BE 24 4 A K R R
IR HE . TR K 3G 22, 1 Bl Y 2 AR R
e R BHR SR A 0820, DT 98055 6 5 AE L, S BOR ALY

5ZH .10 H B REK IS g ik = m kA2 5 8
LLI A B AR ) A K, 3 B e 1 22 S5 0] RE 5 R R AR
SJPERS M SRR G, ML T oM, B2
O E, AR RIS S o A K
F18) B T 55 A2 Ko AR 38 o B i A R T e K AR A 0 1Y)
P RAEVRE ., =M EHKA R EHEROR
N 10 A ad 2 BB K RS BT H A KL i
tdaxs HEHEK PR AR, HHRZARK TREH
K 1 22 19 565 A K R0 6 + 1 b K oy
THAEFRIS .10 H REK 3G 2258 1 4 338 v g w1 K
g3 T3 IG5 7= 9 0 A 7= DA 2 5 58 T8 1

S 2K

(1] Zm. KRR 5 A Rrg R[] ], bR ik,
2014,33(7): 874-883.

QIN D H. Climate change science and sustainable development
[I]. Progress in Geography, 2014,33(7); 874-883.

[2] MATSKOVSKY V. Kuznetsova V, Morozova P, et al. Esti-
mated influence of extreme climate events in the 21st century
on the radial growth of pine trees in Povolzhie region (Europe-
an Russia) [J]. IOP Conference Series: Earth and Environ-
mental Science, 2020,611(1): 12 047,

[3] R, #AFERSRLMIM]. Jbat. KRB MAL, 1990.
44-65.

[4] FFEI/REW « BIAKSR, BARTE, BKE&, 5. HidE £ v
] 5 SR BT L S A R S X G R T R R LR SR L], PE AL AR
Prad . 2021.41(4) : 672-681.

KAMARGUL A, MAO D L, CAO Y X, et al. Response of
Populus euphratica Annual Rings to Meteorological Factors in
Yurungkash and Cele River Basins of Xinjiang [J]. Acta Bo-
tanica Boreali-Occidentalia Sinica , 2021,41(4) . 672-681.
(5] BRAIT, w8 HLOR W] ob 7 0 4% A% 1) 2R 4 0 SO FAR T

3.3 WMESITERTRIMALLER

AHIF T H S TOAR 53 AT 7 48 78 A A K o S f T
1 g o7 A b A A L A LG T e N 43T, RE 8 B
A 2 0 O L AT A5 A R [ K TR B
IR (10 H FEKEX 3 A~ X 3 AW b () o 22
ER . Blandem pi sy, 1~2 A BEKBRR S 3
AP BRI A O (B B LA (2 AD 5w Mk
(1 AHORBNBEMIE., 5 HBIREAK R E R+ 2
ekt 5 3 ARl R BN IE M G (B AL = B AZ (5
H KD 50 F MO, RA TR IHg B, 5
Ah .10 H il EE -5 2 B RS B AL 2E R B R OT AR A
A ] f) UL 2 B4R AT O vk B — 5 i — Bt
550 M R AT 5 TUAR A T R 25 L T DR
S T ML S B IR 3 AR R AR K AR R

AT ERM, E T 3 AEmFB R AR ) A K
ZAAET A2 A5 A K& 10 A8 &0 8 5 i A
Ko MKAE Xu 25 B SRR (PRECIS) B , 4 ok
50 4F 2 M DX A0 IR BE R 2 b T R KR K
T 2 A 3, DTG X A8 R A2 K P AR N S L,
LR L 25 i 08 A 2 T A 2 A 1 A K X 4 il B 1 S
[R5 2 XoF VL PG b 5 JE AR AR AT 58 B 592 19 7 % 4B 5T
A SRy A [ A ol fi A M F ST AR L 2 % A R T
Y 98 715 52 ) DX 3R R A K R G B AR IR, R
EASALTE 5 R M AR AR B 5 8 B4R IR 22 A0

SAYMARILT]. PYALAI A= R, 2020,40(4) 0 697-705.

KANG L F, YE M. Response of radial growth of Populus eu-
phratica to temperature and runoff in the Middle Reaches of
the Tarim River [J]. Acta Botanica Boreali-Occidentalia Sin-
ica, 2020,40(4): 697-705.

[6] FRITTS H C. Tree Rings and Climate [ M]. London: Aca-
demic Press, 1976.

[7] FAN Z X, BRAUNING A, CAO K F. Tree-ring based drought
reconstruction in the central Hengduan Mountains region (China)
since A. D. 1655 [J 1. International Jowrnal of Climatology ,
2008,28(14): 1 879-1 887.

[8] PANTHI S, BRAUNING A, ZHOU Z K, et al. Growth re-
sponse of Abies georgei to climate increases with elevation in
the central Hengduan Mountains, Southwestern China []].
Dendrochronologia s 2018,47: 1-9.

[9] GUO G A, LIZS., ZHANG Q B, et al. Dendroclimatological
studies of Picea likiangensis and Tsuga dumosa in Lijiang,
China [J]. TAWA Journal, 2009,30(4) . 435-441.

[10] FAN Z X, BRAUNING A, CAO K F. Annual temperature re-

construction from the central Hengduan Mountains, as deduced



480 [ (A N/ B SR 42 %
from tree rings [J]. Dendrochronologia , 2008,26: 97-107. CRU TS3. 10 dataset [J]. International Journal of Clima-
[11] CUIJ N, QIN J H. SUN H. Population Spatial Dynamics of tology. 2014,34(3): 623-664.
Larix potaninii in Alpine Treeline Ecotone in the Eastern Margin [24] E fir, SACH, fEaess, 48, HPGILrE S L 2 A kR
of the Tibetan Plateau, China [J]. Forests, 2017,8(10): 356. Pl 1 A S T IR LT, PRI AL R 22 # 4l CH 4R
[12] Bk 2. W Poui T R &0 e pr e[ D]. 20, 2 B, 2021,41(5): 1-7.
MK, 2017, WANG H, HU W B, XIONG Y Y, et al. The relationship
[13] ZHANG Y. YINDC, SUN M, et al. Variations of climate- between radial growth of two conifer trees and climatic fac-
growth response of major conifers at upper distributional lim- tors in Haba Snow Mountain[J]. Journal of Southwest For-
its in Shika Snow Mountain, Northwestern Yunnan plateau, estry University (Nat. Sci. Edi. ), 2021,41(5): 1-7.
China [J]. Forests, 2017.8(10): 337. [25] FAN Z X, BRAUNING A, CAO K F, et al. Growth-cli-
[14] 3 &, FEW. @ EB.% ZEEFSUAREERWTSE mate responses of high-elevation conifers in the central Heng-
R RS A SN (], MY AR, 2018, 42 duan Mountains in Southern China [J]. Forest Ecology and
(6): 629-639. Management , 2009,258(3) . 306-313.
ZHANG Y. YIN D C, TIAN K. et al. Radial growth responses [26] % &, LW, ¥ & F0 T E KA S ok R 5 T8
of Picea likiangensis to climate variabilities at different altitudes XA ) FURYELT . MBS, 2006,25(1) : 43-52.
in Yulong Snow Mountain, Southwest China [J]. Chinese Jour- WU P, WANG L L, HUANG L. A preliminary study on the
nal of Plant Ecology, 2018,42(6): 629-639. tree-ring sensitivity to climate change of five endemic conifer spe-
[15] sk B, JEW, B B, % FESINRYAREHRKHE cies in China [J]. Geographical Research , 2006,25(1); 43-52.
BlrmERSEERAFRCRLT]. NS, 2018, [27] LIANG E Y. LEUSCHNER C, DULAMSUREN C. et al.
29(7): 2 355-2 361. Global warming-related tree growth decline and mortality on
ZHANG Y, YIN D C, TIAN K, et al. Relationship between ra- the Northeastern Tibetan Plateau [J]. Climatic Change,
dial growth of Abies georgei and climate factors at different alti- 2016,134(1/2): 163-176.
tudes on the eastern slope of Yulong Snow Mountain, China []]. [28] ZHANG Y, CAOR], YIN]J, et al. Radial growth response of
Chinese Journal of Applied Ecology, 2018,29(7): 2 355-2 361. major conifers to climate change on Haba Snow Mountain, South-
[16] #p%est, Wik&, s, % ML ERFILAWIGKR = west China [J]. Dendrochronologia » 2020,60;: 1 125-7 865.
FAMA (Pinus yunnanensis) 18 [ 4 4 XS4 R #6 m g [7]. (290 A0 « i, skIFSC, 45, RN E I =24 A K
AR, 2018,38(24) : 8 983-8 991. XA M RE L], TR IXHESE . 2021,38(2) : 327-338.
YANG R Q, FANZ X, LIZS, et al. Radial growth of Pinus SHIRENNA J H, ZHANG T W, et al. Picea schrenkiana
yunnanensis at different elevations and their responses to climatic response to climate change at different altitudes in Tianshan
factors in the Yulong Snow Mountain, Northwest Yunnan, China Mountains [J]. Arid Zone Research, 2021,38(2) . 327-338.
[J]. Acta Ecologica Sinica, 2018,38(24) . 8 983-8 991. [30] LIANGEY, WANG Y F, XUY, et al. Growth variation in
(1717 £ @8, F FF, 20K, % WARERTTE 5SS S 2 Abies georgei var. smithii along altitudinal gradients in the
AW, MY A%, 2003,27(1) ; 23-33. Sygera Mountains, Southeastern Tibetan Plateau [ ] J.
WANG T, YU D, LIJ F, et al. Advances in research on the Trees, 2010,24(2) . 363-373.
relationship between climatic change and tree-ring width []J]. [31] B %, 3k 5. AFAAK, 45 3T 65 4Ek DI A2 ) R K
Chinese Journal of Plant Ecology, 2003,27(1); 23-33. XA AR B e [, A S PR AE W AE AR, 2021,27(3) .
[18] RAEfi. =B MI. dbat. BEE sk, 1987, 568-576.
[19] STOKES M A, SMILEY T L. An Introduction to Tree-ring PANG X, ZHANG M, SHI S L, et al. Radial growth re-
Dating [M]. Tucson: The University of Arizona Press, 1996. sponse of Larix mastersiana to climate warming in the last
[20] LARSSON L A. CDendro v. 7.3. Cybis Elektronik & Data 60 years [J]. Chinese Journal of Applied & Environmental
AB [M]. Sweden: Saltsjébaden, 2010. Biology, 2021,27(3): 568-576
[21] HOLMESR L. Computer-assisted quality control in tree-ring dat- [32] EBEF. KRR, KER. KL ITR TRMALRKS
ing and measurement [J]. Tree -Ring Bulletin, 1983,43. 69-75. SEHTISCRL]. WS, 2011,35(3): 294-302.
[22] ®ASFHE, 7L W, £ 5%, %. ARSTAN P # RiEF dplR WANG X C, SONG L P, ZHANG Y D. Climate-tree growth
VRN L[] ], L AW, 2015, relationships of Pinus sylvestris var. mongolica in the
35(22): 7 494-7 502. Northern Daxing’an Mountains, China [J]. Chinese Journal
ZHAO S D, JIANG Y, JIAO L, et al. A comparative analy- of Plant Ecology, 2011,35(3): 294-302.
sis of ARSTAN and the dplr package of R language in analy- [33] XUY L, HUANG X Y, ZHANG Y, et al. Statistical analy-
ses of tree-ring chronologies [J1. Acta Ecologica Sinica ses of climate change scenarios over China in the 21st century
2015,35(22): 7 494-7 502. [J]. Advances in Climate Change Research . 2005,2: 50-53.
[23] HARRIS I, JONES P D, OSBORN T J, et al. Updated

high-resolution grids of monthly climatic observations-the

(% %% % #AL)



