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Spatio-temporal variations in climate-growth relationships of three hardwood tree

species across the north Zhangguangcai Mountains, northeast China

SU Jinjuan, WANG Xiaochun "
Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract; Forests play a critical role in the global ecological balance. One of the major uncertainties in global climate
change predictions is how the spatio-temporal dynamics of forests will be affected by global warming. Tree rings at different
spatial and temporal scales can reflect the impacts of environmental change on tree growth, and can be critical for
understanding the influence of climate change on forest ecosystems. Here, we investigated the spatio-temporal patterns of
variation in climate-growth relationships of three common broadleaved tree species ( Fraxinus mandshurica, Phellodendron
amurense , and Juglans mandshurica) in a broadleaved Korean pine mixed forest across the north Zhangguangcai Mountains,
China. Tree-ring chronologies from three sample sites were established, transformed into principal components analyses
(PCA), and analyzed through correlation analyses. With these analyses, climate factors limiting the radial growth were
identified , as well as the detailed spatial radial growth-climate associations. The responses of the tree species at similar sites

to climate factors differed significantly. Radial growth of J. mandshurica was limited by monthly total precipitation and
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minimum temperature, whereas P. amurense and F. mandshurica were mainly affected by monthly mean minimum
temperature. This suggests that climate-growth relationships are affected by species-specific characteristics. With changes in
temperature and precipitation patterns, the three hardwoods differed in their spatial growth response to climate factors. The
radial growth of J. mandshurica in Fangzheng and Xidaquan was positively correlated with minimum June to August
temperatures ( P <0.05). In contrast, it was positively correlated in Fenghuangshan with minimum temperature and
precipitation in May and June (P<0.05). The radial growth of P. amurense and F. mandshurica decreased from west to east
with precipitation changes, since the correlation coefficients between tree-ring index and precipitation decreased from west to
east. Temperatures in the north Zhangguangcai Mountains have increased since 1980, and the radial growth of the three
hardwoods was consistent before 1980. Because climate factors affect growth differently, these boreal tree species showed
inconsistent spatio-temporal responses to the recent warming, with J. mandshurica being probably the most sensitive species.
Radial growth of P. amurense and F. mandshurica increased with rapid warming since 1980, whereas tree growth of J.
mandshurica decreased after 1980. Therefore, J. mandshurica may be subjected to drought stress and a subsequent decline
in radial growth in the north Zhangguangcai Mountains if global warming continues or exacerbates. In contrast, P. amurense
and F. mandshurica may benefit from increased temperatures through enhanced radial growth. For future research, the
spatio-temporal variation of growth-climate relationship of the three hardwoods could be explored further by investigating the

tree ring anatomical and physiological responses.

Key Words: tree rings; broadleaved Korean pine mixed forest; drought stress; global warming; radial growth
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EREE T AERKFRMRE , XSO e R g b AR 25 L HAEpE e R W 7E 30 15 7 i
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Fig.1 Map of sampled sites for three hardwood tree rings and weather station near its sampled site
F1 KAWL ARM R HHRESFER
Table 1 Tree-ring sampling information for different sites and tree species in north Zhangguangcai Mts
KA R s (hrT4) A1) 3 i) K R ERE
Site Code Specific name Longitude /E Latitude/N Elevation/m Core numbers
HiE FZIM BABEMRK J. mandshurica 129°04.852' 45°39.688" 350 39
il N XDQJM 130°17.719’ 45°40.332' 582 36
RUELLL FHSJM 131°05.054 44°53.643’ 585 36
HIiE FZPA B P. amurense 129°04.852' 45°39.688" 350 31
[LipNE] XDQPA 130°17.719’ 45°40.332' 582 31
RUELLL FHSPA 131°05.054' 44°53.643" 585 32
JriE FZFM KM F. mandschurica 129°04.852' 45°39.688’ 350 40
[ipNE XDQFM 130°17.719’ 45°40.332' 582 40
KB FHSFM 131°05.054 44°53.643’ 585 38
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P TR AL AT R 45 %kal  Fig2 Monthly mean temperature and total precipitation at each
LeMERREIEAT , BRAR B4R I 2F KH RN ) iy e iy s stedy area
Wi OSSP BE A T AR R I Sebr Al e Ny 3 4
KA A SRR K A0 O ASPRIEAE 2 (1 3) FHLAREATAR B - A i 7 234 .
1.3 Siitsrir

BEPR B R AT 114 30 Y] TN P A5 4 3 4 300 %o 7 1 (FZ) FXUELLL (FHS) SRS (1), i FRERE S
IR =2 NG P S G i PR B AR A GOREAR 22 il RIS PO sl Sl P YR P R R8s . [ 8idis b S
SR B AR ILZE RS W (http :// cde.cma.gov.en/ ) (3R 2) o A+ F LA HE . H B mAAR (T, ¥
R (T, ) ST (T) SRR (P) AEXTIERE (RH) |, AR X 0 B 2 fh 25 AR i 48 6 B2 5 AR
(R RIS X R I (1 FOAE A8 — A E A b BT A PR T RRSE I AR AR A R R oA T
L—AF 10 H 3545 9 AL 12 A H B9 N 55 0k 8 IR tiIbs dEaE R A ek . h T 2E 1k
SR AR a4 KA BRI W s 22 AR o0 T 4R Z SRR AE K IR, SE AR E
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Table 2 General information of meteorological station at each sampled site

e 3 RAF N . KR HK KA
V;/heﬁhfr ::f led I I I e Gr()\titnéiﬂ:az)n Gr:jf Ipzfeii
. R P Period Longitude/E Latitude /N Elevation /m B seds . g, )
stations sites temperature/ C precipitation/mm
ERC) JIE 1953—2013 128°26'24" 45°34'48" 582 17.6 490
ST [ipNZ] 1959—2013 129°21'60" 46°10'47" 350 17.8 448
pLYiii] JRUELLL 1951—2013 130°33'36" 45°10'48" 585 17.7 435

HRHEAH OC oA 485 5 43 SR ) — b A A | S A ORI 5 g 85 i B[] — b i 32 B0 A R AN [ e, (] — )
b B S B A 3R FH T 43 AT e AV IR B XA [ b (RIS ()52, R FH SPSS19.0 58 Al 3 il A3 $2 U AR R G 1145
M7 3 K FH Sigmapolt12.5 ZE3745¢ 1l 2= HiAE

2 HR55%H

2.1 FERFHE
T 9 AN = KA R FREAEF T | ARV RE sk 18] = K ] AR 22 S A, Herp o 1 K il A A % Fc K (208 4 )
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Fig.3 Variations of the standard chronologies for three hardwoods tree species at different sites

FZ XDQ FHS 7} 5R3E 75 IE PRk RUELLD

JRUEL L SBE AR BB Fre /N (64 4F) o - RPRURRRE S e 1 A7 A i B 0 UM 8 1 ) SRR RR B2, BB 1) 240 A0k
JRERE i 5 T B K M, XRS5 S SR, — B AR T b — AR AR DR 2 45
RS GG BELE R SN, — B AR SCHR B, U] 1 U AT = SRR ] A 2 M) B4 i I 280 B I, 9
IPREAR R IREA BRI AR i T 0.85 (36 3) , FRWIX SUAfEA ] DICZBI R A BAACE . BAR DL, 9 4
PRIFEAF R PS5 SRR 5 M LU AR A AR MEARAR w55, SRR i B, IX DAk e AR08 5 1 TR AR AR R 27
{730/
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Table 3 Major characteristics of STD chronologies for three hardwoods tree species

TABKIK J. mandshurica W P. amurense K F. mandschurica

FF Species
B St FE  WKE R FE KM AU E Pk RURID

¥z XDQ FHS FzZ XDQ FHS FZ XDQ FHS

[

,I/LLF%%L%E 1935—20131925—2013 1949—2013 1890—20131929—2013 1886—2013 1805—20131939—2013 1876—2013
ime span
S Al R T
¥ Jﬁiuf; . 0.17 0.27 0.20 0.17 0.16 0.16 0.12 0. 14 0.17
Mean sensitivity
bR . 0.20 0.32 0.27 0.24 0.33 0.34 0.20 0.25 0.27
Standard deviation
—HA JFH% 0.46 0.58 0.54 0.54 0.8 0.79 0.63 0.76 0.68
Autocorrelation order 1
- N
)Hlﬂ*ﬁ?é 0.36 0.56 0.50 0.25 0.62 0.31 0.24 0.37 0.24
Correlation between trees
)WW*H% - 0.70 0.77 0.83 0.64 0.85 0.78 0.63 0.77 0.79
Correlation within trees
22 1
{” R . . 10.69 20.63 18.15 3.58 18.12 7.26 3.85 10.16 4.85
Signal-to-noise ratio
AL 0.91 0.95 0.95 0.87 0.95 0.88 0.88 0.91 0.90

Expressed population signal
S — AR AR R

Variance in first eigenvector

41.05% 60.58% 4.64% 35.02% 65.96% 38.37% 31.80% 45.94% 31.16%
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9 MR T BB 1) — B BREAFE 22 5 (R 4) o 7 IE K IR VG K R o 35 8 4 ¢ 1]
AH M e (r=0.64)  JRUELLLIZK -5 7 TE SHBRRKRN 7 TE 7K fan4F 3R B AH ¢ R B A (r=-0.03, 0.03) ,iX
FIRES SR S AS A1 B AR 3G T340, [R]— M s S TRAR o B] PR A 6 R Bt A7 e 22 5, JRUER LIS Ak AR 5 2 0
BAR R A YA OC RO 0.39, 15 /K MIAE M A 0.15, 53X F BRI i Az BEARAF 22 S th & 78— e R Y
M A1 X AR I S,

R4 AEHS BRI E R EE X R (2 X E 1949—2013)

Table 4 Correlation coefficients of standard chronologies for different site and tree species ( common period 1949—2013)
4% Code FZJM XDQIM FHSIM FZPA XDQPA FHSPA FZFM XDQFM
XDQJM 0.51*"
FHSJM 0.23 0.33**
FZPA 0.46 ™" 0.42"" 0.14
XDQPA 0.29" 0.30" -0.10 0.36 "
FHSPA 0.21 0.22 0.39"" 0.60 " 0.32*"
FZFM 0.44 " 0.16 0.03 047" 0.64"" 0.29"
XDQFM 0.36"" 0.45"* 0.22 0.27" 0.46 ™" 0.24 0.35""
FHSFM -0.03 -0.12 0.15 0.05 0.20 0.21" 0.28 " 0.33""

2.2 = RMEFREE S TR R 2 0] 42 57

M9 A = KB R AR R 5 SR IR ARG M G RO TR (18] 4) | ANTRIRE i = KR -5 A R 1 i 7 56 2R
FAAEZE ST, J7 IEWIBI AR 0] AR I S AR R R (6—9 H ) SRl BE R K 34 S S E ARG, o 4R R 78115 6.7 A
FRARIELIE & 6.7 .9 H FEK ¥ 5 M 35 TEAR G s DU R PEI WA 5 A 4 2 i Rl B2 N e AR OGP , A5 9 Ay
e 7K .35 LA OG5 IRUBLLL B ARTE A IR T (3—5 1) AR R T 5 TR RIEASE i 5 6 H el B2
L IEANSE T 8.9 A B/ IS ARF O . B8 2 RIK HiMIOGS A K A S AS BISE 7 4% IR i 4 R B A s e
JEE R TEAR G , 254 s B9 B R K A5 SR AR 52 I8 9 TE ARG, ELRUB L A 5 4 3R 3 41 5 e AL ) R O
Al R A R DN R s e

MBS JTRVE D7 IESIREAR I AR K 4 7 A femilid SR OG5 AR R Z RO B B TEAH G s PO Rl )k
PR 1) A S R B AR P AR S P A AR S, 45 30 P S B — S5 PO O R X R 8 0 B B DA O, He v
7—9 FUAHXTRE B 35 TR AR OG s RUSK LSRR 5 oo dlL P40 DL SRR B AR S P 55 , (X5 7 A demi i (A
XHE R PR K o AN FRE R B A ) AR T R it SR AR 22 S W A, 5 1 PG R R AR X
0 2 2 TE AR OC , T RUSR LLRE 5 0 S B D 8 A B AH 5G9 A1 JRUBA LU AR 55 28 AR DG A BE W I s T 07 I (DY R
Rl 3 ANRE UK AR 1] A 4 5 AR A AR O B 48 SR AE AR G, B I AR B A (], O TE A s 1 A R 2R I
e e it ) A8 TR G T JRUJSC L R A R D e LA sy ) B AR G

x5 ZREEAGEEREFTSEEFEXNE

Table 5 Correlation coefficients between the standard chronologies and seasonal meteorological data

e AR Minimum temperature [k Precipitation
Chronologs 1F PE 53 P e i e % P e
Annual Winter Spring Summer Autumn Annual Winter Spring Summer Autumn
FZJM 0.09 0.00 0.00 0.35"* 0.14 0.42*" 0.09 -0.19 043" 0.36 "
XDQIM -0.02 -0.09 -0.13 0.12 0.11 0.19 -0.18 0.04 0.08 0.30"
FHSJM 0.23 0.07 025" 0.24 0.26" 0.14 0.20 0.34"" 0.13 -0.16
FZPA 0.44*" 0.28" 0.27* 040" 0.24 0.24 -0.02 0.00 0.27* 0.15
XDQPA 0.46"" 0.39 " 0.25 0.35" 0.37"* 0.09 0.10 -0.19 0.15 0.05
FHSPA 0.70*" 0.46"" 0.51*" 0.50"" 0.61"" 0.06 0.13 0.17 0.15 -0.20
FZFM 0.39*" 0.29" 0.24 048" 0.34"" 0.09 0.02 -0.07 0.05 0.13
XDQFM 0.27 0.20 0.10 0.21 0.29* 0.21 0.11 0.08 0.18 0.06
FHSFM 0.53"" 0.47 " 0.36"" 0.37"" 045" 0.09 0.15 0.21 -0.07 0.13

.+ 03 P<0.05, ** fR3& P<0.01
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G

K% &% Correlation coefficient

P=0.05

KU

-10-11-121 2 3 4 5 6 7 8 9 -10-11-121 2 3 4 5 6 7 8 9 -10-11-121 2 3 4 5 6 7 8 9
H 4 Month
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Fig.4  Correlation coefficients between standard tree-ring chronologies and monthly climate variables ( monthly mean minimum
temperatures and monthly total precipitation) for different sites and tree species
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e 6 TP LIE 7 IEARRR | 27 I R A K R S R AR A 1) A 1 359 S22 TR ARG, e 5 2 1) S AU e
KA 14 458 1) A EL A M 25 R SR VD 5 116 A P kX e K 0 R A 7 D) 3 R 59 A B %) IE AL %
ARK BB AGR B T 8 3 7K (P<0.05) 3 JRUELLL A BBk I R0 G K P o e R TR B L R /K A AR S PR R B T
W5k, 5 HF AR BRI HGA B T B IEAHDC , 5 AR MK IR BN R KT, =AM SR B AR
HHMIAEPR 27 A G ZE R (36 6) , A AR TEL B 5 ¥ 3 B Rk AT 28 3] 1 A 8 35 IR M 56 ( P<0.01) | TR
IKAASEME S RS IE A E I R . SXCURIA T SR AP 2 2 B o] 3535 8 A K A A ) A K 1) T2 BE BRI 7, i
HNZARAE s IR B VG (K AR Db | L5 3R K A5 R A DG ML B BB s A8 AL T2 ek 55
2.3 S ORBERR RS- R I e ] A5

3 ANSRAE S IR K AL R (E 6) ,3 ANEESAE 1980 4E 25 47 BRI RE 38 T , 1980 4F i P 44 e ik
TRBE NS | L E NI, (H 2 1980 4R )5 SEX AR L) 0.03°C /a SRR 1T, BRAKAS(LINR B &, 3 A4
FE 11980 AFHT A — B RIN Tk

=R A [ TR TR AR A TR B B R (B 7)), FHER = ANEE S A SR AL K R A TR A &
TR A B K AR AR TR BT HR TS Ak B sh BN, HAR R AR — B, AR KRS BT, $RER
[Fi) — b A5 AN TR Ao 194 56— T2 4 32 DA AR ]t o5 ] — A P £ — T2 i 4347 32 5 IR AR TR 06 R H K (1B 8) 285
BN, AR AR R B b 22 F NI B, 1980 4F AU AR IR Ji A Ko R B 2 b THEa A, e b TR A T
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WIEkMEk J. mandshurica W P. amurense KM F. mandschurica
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Fig.5 Correlation coefficients between the standard tree-ring chronologies and monthly climate variables ( monthly mean maximum

temperature, mean temperature, and monthly mean relative humidity) for three hardwoods at different sites
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SRR I AR 1) A A 322 R IR K R o AT IR 2 7 ot A0 R B 9 8 A ) A A Y S BR A PR, Bk
BAR i) A K B2 B AR TR BE AN R /K R [ BR ), 35 380 f b s X = B R AP 98 25 SR — 30 R TR Al A% i) A= i i
25 SEATRE S Hast R A G KN B — s ro Tt B M, 10 T PR O FLOY A s R e 7 T i B X A A
A AR ZS 0 B B R R U G A AR HIOK AN 52 e AP B2 A BR AV FH ik, DA 7K 0 SR ) A BRR A DR
B S BARE /K R 25 75 R A IO B SRR 2 I ELK A0 N B 9 A R 3 N — s T R A
TSR E T2 Bl R R AR KU R, SRR X T 40 BRI 7 K T R K A, B2 8
ZEDAE R ML X XK1 2542 ( Picea schrenkiana) FPGAA R 3 M ( Larix sibirica ) WIRFSE & IR B AL R0
JSCRRE ARG ] — A 5 e [0 A [ 4 S AL

KA ICER IR TR N M X {H TS (AL 25 5, R R IR R IR e —
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