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Abstract: Climate change will have a significant impact on forest tree species structure, spatial structure and forest age

structure. Accurately predicting the response of forest landscape succession to future climate change not only provides a
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theoretical basis for scientific management of forest ecosystems, but also plays an important role in formulating strategies for
biodiversity conservation and rare species conservation. In this study, LANDIS Pro 7.0 and LINKAGES models were used to
simulate forest landscape succession dynamics of eight tree species in Tianbaoyan National Nature Reserve under two
different climate change scenarios (RCP4.5 and RCP8.5) over the next 300 years, so as to analyze the forest vegetation
landscape pattern change characteristics and its response to climate change. The results showed that the potential area
distribution and landscape pattern index of Phyllostachys hetericycla, Pinus massoniana, Rhododendron simiarum, Tsuga
longibracteata, and Cunninghamia lanceolata had significant responses to climate change. Under the climate change
scenario, the fractal dimension index of each species ranged from 1.03 to 1.08, indicating that each landscape patch in the
reserve was relatively simple and regular. For Phyllostachys hetericycla, Rhododendron simiarum and Cunninghamia
lanceolate, the contagion index decreased while the patch density increased significantly. For Tsuga longibracteata, the
contagion index was relatively high and patch density increased with the gradual decrease of area during succession. For
Pinus massoniana, patch density increased slowly while contagion index first decreased and then increased. These results
indicated that landscape integrity of these species was damaged to varying degrees with climate change, and landscape
fragmentation was more serious under RCP8.5 climate scenario. However, climate change had no significant effect on broad-
leaved forest and Cryptomeria fortunei. And for broad-leaved forest, the patch density decreased during succession while the
patch aggregation increased steadily, and the potential area distribution showed a good momentum of development.
Therefore,, with the change of climate, the forest landscape succession in Tianbaoyan Nature Reserve will eventually evolve
towards the community composition of evergreen broad-leaved forest, supplemented by mixed coniferous broad-leaved forest.

And the forest landscape pattern of the nature reserve is more sensitive to climate change.

Key Words: climate change; forest landscape succession; LANDIS model simulation; Tianbaoyan National Nature Reserve
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Table 1 Life history parameters and environmental tolerance parameters of tree species

WAL MR
(RIS 2 3 N A 5 1

TR Iy 1 KA [pgEiRes A & g HRRE

HFf FHAr . : Tolerated low  Effective Maximum . e
. . Maturity Fire Shade . . Germination  Reclassification
Species Longevity/a temperature/  propagation  propagation . R
age/a tolerance tolerance . . ability coefficient
C distance of  distance of
species/m species/m
S1 150 50 3 3 -10 38 125 0.63 0.53
S2 200 20 3 3 -11 35 110 0.54 0.24
S3 60 8 1 2 -9 250 800 0.45 0.47
S4 300 30 1 4 -20 100 500 0.85 0.57
S5 400 40 4 4 -12 10 100 0.65 0.21
S6 400 45 2 2 -11.9 30 90 0.45 0.23
S7 200 25 1 5 -16.7 200 750 0.2 0.45
S8 300 30 2 2 -15 100 200 0.32 0.22

S1. fifi f##4 Fh Hard-wood broad-leaved tree species; S2 IR FEBFT Soft-wood broad-leaved tree species; S3:EBAT Phyllostachys hetericycla; S4 ; By AR
Pinus massoniana; S5 M Sk K BY Rhododendron simiarum; S6: 1 4L A Tsuga longibracteata; S7. A Cunninghamia lanceolata; S8: VA

Cryptomeria fortune

http ; //www.ecologica.cn



&t
H

3640 H Bl 43 4

2.2 REEE S AR RS Sk e
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Table 2 Species establishment coefficient of species on different site types under two climate scenarios

+ K St PRI R AL Species establishment coefficient
Site type Climate scenario sl 2 s3 sS4 s5 S6 s7 S8
400m < 4K Elevation<800m 15853 A 0.24 0.27 0.32 0.21 0.03 0.075 0.21 0.11
B 0.21 0.18 0.35 0.19 0.05 0.03 0.17 0.17
1277 A 0.32 0.3 0.27 0.24 0.08 0.12 0.24 0.07
B 0.23 0.24 0.31 0.27 0.02 0.04 0.18 0.21
800m < {4k Elevation<1350m 577 A 0.21 0.24 0.26 0.22 0.21 0.13 0.27 0.26
B 0.32 0.27 0.27 0.31 0.18 0.13 0.21 0.32
PR A 0.27 0.19 0.18 0.27 0.18 0.17 0.22 0.22
B 0.3 0.35 0.25 0.27 0.13 0.11 0.23 0.27
1350m <K Elevation<1600m 13573 A 0.15 0.17 0.22 0.26 0.3 0.24 0.15 0.24
B 0.23 0.21 0.12 0.19 0.27 0.22 0.24 0.18
125} A 0.22 0.11 0.13 0.31 0.24 0.27 0.11 0.18
B 0.17 0.24 0.08 0.23 0.31 0.18 0.22 0.15
JE#HE Non-forest / 0 0 0 0 0 0 0 0

A:RCP4.5 5 {71 5 RCP4.5 Climate scenarios; B:RCP8.5 S fR1E 5 RCP8.5 climate scenarios
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Monthly average temperature/°C
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B2 RFSFEESZT 2016—2100a A FHREMBEKETHHEE
Fig.2 Trends of monthly mean temperature and precipitation during 2016—2100 under future climate scenarios

A :RCP4.5 S 5t RCP4.5 Climate scenarios; B:RCP8.5 S f#{f 5 RCP8.5 climate scenarios;C: 24 H*MEEHE Current climate scenarios
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Table 3 Formula of landscape pattern index and its ecological significance

FoWAK SR HE %X Landscape index A3 Formula FEHR N Index connotation

B Y a; R — BB Y L TE LAY T 43 e, T R4
Patch area ratio( PAR) PAR = P, = ]:114 x 100% A3 RS A S S A

o . . : e

PRI P =" x 100% R T VR LI, A MR B R T,

atch density( PD) A

REZ

Aggregation index(Al)

BRI — BEH R 1 S 0L AR 0 A 1) SR G 7 BE el B AL , T L

Al = C_ .+ P,In(P, O
£ Con 2 2 PRy ST 2 R

Gy YERE FDL = iZln(O 25P. ) /InA TR FNBE 9 10 TR A PERRE AR B U AE 1—2
Fractal dimension index( FDI) A ’ i 22 16 B /) DU B s A R SR AR LT LART R R 7 B
E2S2 EEi FET5 BRI 50O 5 00k A T S, 8 B30 7 U 5 WL

DI = —Y (P, - InP,)
i=1

Diversity index( DI') AR b LSBT N S E S

AR JEE SO 2% BELRAE T AR b 20 A B9 29 S0 R BE | B R 0—

DI
: El = x 100% 1 BHGE T 10 2R 25 BESR S A5 5500 b I ol 10 L L £
Evenness index( ET) DI, Yt

a R | RV j A PEERB TR s m A SR BER TN s n Sy BEPCSARES  m S § ZEPEBRIE TR Bt s A DA SRR s Py o 35
AFULLE 4R A BRI S I

3 RS9

3.1 ARASACRS BRI S5 R 1) 22 S S0 A

IR AT AU (RCP4.5 15 RCP8.5 UMl 5t N AW F7E R K 300a A BESR IR LL A4 Bl R AR RE 704 JEE
DA K RS BE EA TR R 8 A A 2 77 23 X DR 47 DX R AR S ML 7 LR RO i) 2 SR L 4 518 3, A
4 53 AL AR Fof B R S5 AR SR X AR AL e B e RO 22 5 TR PR 37 DX PN o A 1 S5 0L 2 A P i K
5 E S BEARHON AR AR IR R AN R A SR A L R A AR A 22 57 0 3, RPN BT UM 5 R K
2 Bl AU S AL 2 53 , T HABAR PR e AN [R) UM 5 29 J0 2 35 25 57 3 IR R B e 1 AR L A 8 FEAB AR AR T <
A AL 1 iy 7 327 5 A R, BREBRLS T T BER BN B UM S0 1 At 2 A el S 22 5, IR I 55 70 4k B
RPN BT AR AR 2 P U S 22 57 5 FBAT 4 IR B EAS TR A 57 B A7 A8 35 22 57, BB i AR
FEZRI A SEAT NS S 225 BB R L 5 02 P2 1) 22 e R BRAE BRAT Ak 15 R0k 2 Fp R
ol S i) s 2 FR A U JRERJE 5 UM SC AR AN 35, BB T B G Xo CA mi o7 Bp FURR , A 3 Bl e 5 T P47 A
FH 2 ROV ERERIUN B HHAD 2 R U R 22 R AT URIE SRR S A R R AR
F WAL BRBE S BE SN, FEAM RS IR A AN [ UM 5 T H 28 5 2, BRI AR 2 S 1 SR B BRA T U S R
oK 2 P S R] , SRR JEE 5 A FEE DN AR BN BRAT UM S5 R 2 b A 5 18] 19 22 5t 5 R BRAZ AT BB
T BR X e A Al i o A5 S, HL 2 AR BN BUAT U 5 B AN 5 8] A9 22 53 s A2 AR ) BEBR T AR e 5 SR A 2
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SPGB S 2 SRR AR L R TR A B S S 25 5 B A R 22 S R R AL B
il 2 P AR 5, MIAZ B2 S UG R HE AR B U A L 0 I 35 22 5 (e U AB I 5 T I SR B AR

x4 TRASEEETHRKEUARBELERSW

Table 4 Analysis on differences of forest landscape pattern change under different climate scenarios

U AP Simulation species PAR PD Al FDI El DI
S1 2.35" 0.38 11.07** 0.01
S2 0.11% 7.28**k 11.19** 17.61**
S3 7.73 % 10.45** & 4.07" 2.11*
S4 28.83"* 7.24% % 0.57" 6.54" 1.84* 0.03
S5 17.87 1.84% 12.87% & 14.89**
S6 9.94** k 4.07" 0.21 1.74
S7 6.93 * 0.04 3.89* 0.35
S8 2.52k 0.02 1.2 0.96

% % P<0.01, * P<0.05;k £/~ Kruskal-Wallis ;30455 K represents the result of Kruskal-Wallis test
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Fig.3 Multiple comparison results of climate change impacts on landscape pattern of different tree species

RENG TR IR AR SR R T 285+ 235 (P<0.05)

3.2 WFPIEAE m B> 22 A

ARG 4 BAULE R ] A, RS SR DR DX ZRACEE WLE A AL e i 28 2 fo T AR v —— i 2 ] - AR
AR o FEARA 2 BB 5T 8 Rl b ) A1 T BB TS S R A A, o P bR ) T B PRI 0 — B, TR D
150a TR G 28 BT 20K BRI TARLE A 55T 2 BUET 150a BTG 150a RS H 78 B
TS T R BN R 8 TR, DREMMRBITEIRTE A 155 T SR 3 B ORI B A B A T AU
I TIAE B SR SRR FREE LTRSS 2 P T IR ERAZ MR S A B A A i AR S sk /D
s JEHGRAE B A 5 T AR S 0TS T BRI T AR T B T 9.88% 11 10.66% , A2 MK IR AE
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Fig.4 Distribution area change of tree species under two climate scenarios
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Table 5 Patch density of tree species in different simulation years under two climate scenario

CE] AR AFO Year
Species Climate scenario 2016 2066 2116 2166 2216 2266 2316
s1 A 6.71 10.09 6.96 3.56 3.56 3.56 3.56
B 6.71 9.79 9.94 6.56 4.36 3.56 3.56
S2 A 4.46 5.25 5.45 5.79 3.85 3.82 3.79
B 4.46 5.18 9.62 11.87 12.83 11.77 9.74
3 A 5.12 9.77 9.9 10.7 14.62 14.7 14.92
B 5.12 9.69 11.46 16.57 19.59 21.43 23.24
sS4 A 7.34 12.65 17.56 19.76 18.39 17.44 16.97
B 7.34 8.15 10.79 9.24 9.19 11.08 11.72
S5 A 4.7 7.46 11 15.75 20.14 19.14 16.94
B 4.7 7.33 10.4 15.28 19.95 24.06 27
S6 A 3.61 3.71 4.76 5.84 6.88 6.55 4.04
B 3.61 4.69 7.74 8.84 11.86 16.95 26.01
s7 A 4.12 7.47 10.35 11.85 12.61 12.56 12.75
B 4.12 7.26 9.88 11.24 11.96 13.41 14.37
S8 A 3.62 3.78 3.87 3.89 3.93 4.07 4.2
B 3.62 3.78 3.88 3.92 3.95 4.1 4.23
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Fig.5 Change of Aggregation index and Fractal dimension index of tree species under two climate scenarios
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Fig.6 Change of landscape diversity index under two climate scenarios
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