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Abstract; Species-environment relationships have always been a central issue in ecology and biogeography. The adaptation
of species to a changing natural environment, including topographical and climatic factors, determines its geographic
distribution. Accumulating evidence has revealed that Northeast China has experienced the greatest temperature increase
since the 1950s, which in turn affected species distribution in this region. Broadleaved Korea pine ( Pinus koraiensis) mixed
forest ( BKF') is the native forest type in the southern part of Northeast China. The distribution area of this species has
shrunk substantially due to historical overexploitation. It is important for forest managers to be able to predict the potential
geographic distribution of BKF based on species-environment relationships. Although the distributions of individual species
in BKF such as P. koraiensis and Quercus mongolica have been reported previously, few studies have focused on the
potential geographic distribution of BKF. In this study, four dominant tree species -P. koraiensis, (). mongolica, Tilia

amurensis and Fraxinus mandshurica , which together account for more than 80% of the growing stock in primary BKF, were
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selected to represent this forest type. Nineteen climatic and three topographic variables in Northeast China that are
considered to be most likely influences on the geographic distribution of tree species were selected as environmental factors.
To identify the major climatic and topographic factors controlling BKF distribution and simulate the potential geographic
distribution of BKF under current climatic condition, the geographic distribution records of the dominant tree species,
together with the environmental factors, were used in the Maxent model. The future geographic distributions of BKF were
consequently predicted for the 2020s, 2050s, and 2080s, based on three kinds of climate change scenarios ( SRES-A2,
SRES-A1B, SRES-B1) published by the Intergovernmental Panel on Climate Change (IPCC). For the four dominant tree
species, the simulations showed that the area under the curve indexes ( AUC) were 0.925, 0.890, 0.859, and 0.847,
respectively. All these values exceeded 0.8, which indicates that the models had a good predictive performance. The major
environmental factors affecting the distribution of BKF included annual precipitation, precipitation seasonality, elevation,
annual mean temperature and mean temperature of wettest quarter. For the entire region, 11.69% of the total area was
identified to be of high suitability for BKF distribution, 23% was of low suitability, and 65.31% of the area was unsuitable.
Under the A2, A1B, and Bl scenarios, the model predicted that both the southern and northern boundary of the high
suitability area for BKF will shift northward. Overall, the high suitability area in this region was predicted to decrease, with
the extent of the decrease depending on the severity of climate change. For example, under the A2 and A1B scenarios, the
high suitability area in Northeast China will be less than 1% of the region by the 2080s. Overall, the results indicate that if
no effective measures are taken to mitigate climate change, there is a great possibility that BKF will disappear from

Northeast China.

Key Words: broadleaved Korea pine mixed forest; climate change; Maxent model; potential geographic distribution;

climate change scenarios
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Table 1 Environmental variables used in the study

A R HEiH T ik
Type Code Environmental variables Description
S 45 F Climatic variable Biol * Annual mean temperature ARSI
Bio2 * Mean diurnal temperature range B H e i 5 AR 25 0 0 HE
Bio3 ™ Isothermality SR
Bio4 * Temperature seasonality FNEIRE AR R
Bio5 Max temperature of warmest month S W s R
Bio6 Min temperature of coldest month % A A
Bio7 Temperature annual range R AR A
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Type Code Environmental variables Description
Bio8 * Mean temperature of wettest quarter B2 0 2R
Bio9 Mean temperature of driest quarter I T 225 0 -3
Biol0 Mean temperature of warmest quarter AR BT AR
Bioll Mean temperature of coldest quarter Ve 5 02 %
Biol2* Annual precipitation AR
Biol3 Precipitation of wettest month 5 LT R 4 s
Biol4 Precipitation of driest month et H R R
Biol5 ™" Precipitation seasonality A VR
Biol6 Precipitation of wettest quarter 5T 7 1 R T o
Biol7 Precipitation of driest quarter T T 2R R T
Biol8 Precipitation of warmest quarter o AR I 1 R T
Biol9 Precipitation of coldest quarter VA 2 1) R RN
HuIE ¥ Topographic variable ELE* Elevation TR
SLO* Slope W
ASP " Aspect B )

= RAATIHLAY R TR 2201 15 i AL A A T
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(testing data) , & 128 10 YA @A, HAB S EON BOIAME, SR 52308 TAERHIE 1 28 (receiver operating
characteristic curve, ROC) T F( Area under curve, AUC) IR HL-EFEEE . $E8E AUC (i KAY—IK
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Fig.1 Geographic locations of Pinus koraiensis(a) , Quercus mongolica(b) , Tilia amurensis(c) and Fraxinus mandshurica(d)
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[ SRR 112 512 (TPCC) ST F-AG ol REPEAY R i . P<0.05 SHANIE H X ;0.05 <P<0.33 A{KEE
HIX P =0.33 NEBEGE X, A0 4 b R]ELAT (0 15 B8 18 B DX AR A B 21 b AR s B X, 4 2%
B A ARS8 B DXOR B by [ I LD AR AN B X, ARV IR R EIX

2 HREHS

2.1 PRIV HER I

HHT,ROC HHZ&A Mk B4 12 N T HER PEAN Py Fh o3 A A B0 () TN BE 7 o AR SCXE 4 2840 ol 1) 43 A 2F
PR, & WA AUC (IR (£ 2) , Hoh by BB, ok it 248 520545, 24 Test AUC>0.8
i, Maxent #5760 ELA AR 47 A T B 7, A8S40 25 SR AR A , T AT b o A DX 350
2.2 SENA RN ZORARA A ) S R IR R T

AL 4 FEBEFP Y IREE P STk 4 F SN A b (&L 2) AT RN S I P LD AR A 11 S R R AR
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ZLAN SR KR, BT R TTERR AR T 85% % T 548, NIRRT STk T 80% , Horp A i
HEx EERYA T, FET Jackknife BB A4 25 A REAR I M S it 26 [A] -5 Xof 2548 2013 ) B 284

R2 BRMERELIN AUC E

Table 2 AUC values of Maxent models for given species

FF Species Hh£ T AL Area under curve W Fh Species £k TTIF Area under curve
ZIH P. koraiensis 0.925 KM F. mandshurica 0.890
LM T. amurensis 0.859 S Ek Q. mongolica 0.847

2.3 [ LLRAMRGE B A DX 2 () AR AR S B
2.3.1  [EM LD 7E 23 A X R

51T Maxent BRY 55 4 SRR 7E 045 X, FIIH Reclassy T 2K 7058 9% , SR )5 2 45 2] f7 ih Z1 A8 Ak
AT 3) o Rl 2R BRI o0 B 3 B0 A1 DX SR 2240 A ZE A LRI /N D2 08 b X 2R 75 MR T L BB T
R E AR TR TLET B AR MBS/ RS KT I AR IR T T AR,
BT T A F A B R IEE AE R TGS R LD AR AR B 1S X 32 B A R AR AL b X AR
FA T, AU S T R e VT T ) g S 2 22 B T RO PRI T R 2O AR e B R D AR i X
SVE R 11.69% 8 B3 ‘B DX 1 AR 5 A0 DX AL R 23% , ANTE ‘B DX TR b i X R T AR Y 65.31% (£ 3)

ASP RN Bio4 RN SLO BN Bio3
Bio2 EZZABio8 B Biol [_ELE
[ Biol5 [ Biol2

2
Vv 7/ 7

Dl NEp g4

Precentage contribution/%

N REE X

[ RS EX
- EEE X
AR/ %1 e K A9 0 200 400km
P. koraiensis T. amurensis Q. mongolica F. mandshurica
B2 SHHFINEREFREKE S B3 @AHOmnnrEESHRE
Fig.2 Percentage contribution of environmental variables to the Fig.3 Potential distribution of broadleaved Pinus koraiensis forest

species distribution models

2.3.2  ARIEMLIAMRTETE 23 A DX Y Tt

P ISR B 5 W o3 A B S R RO SR AT ZEUCIERE b R P b R B IR 22 ] Ay 1B
FAPE BNAR AT b T 000 4 S48 09 AR 43 A, 15 3 IE i 2D ARTE 3 Bl AU 52T, 2020 ,2050
2080 4AFryFIN AT R (K 4) o

TE A2 A1B Bl SUAG ST, RA 2D PR R B2 3 B DK 2 2248 b oA T LU A SR ORI X R/ N 2% 22 08 3
SrHIX, Hoor A rg S AL AR Im RS B, 7E A2 (A1B E T Y 2080 4L .

FE A2 SR ECT, Al 2O BR I 5 B IS B DX T AR Sl R fR R 1Y) 11.69% BRI E1] 2020 41 4.77%,
F| 2050 4FEHEINE] 5.66% , 1M 2080 4F- S5/ A 0.60% 5 & 2T AN A A4 F 238 B DX 11 AU 2000 419 23% 5L B
ek 3 2080 40 37.18% (&1 4,3 3) .
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Fig.4 Predicted potential distribution of broadleaved Pinus koraiensis forest under different climate change scenarios
. A2 SMME S I ALB SRS . BLAUERE S, 1. 21 28 20 4F4R;2, 21 142 50 4E4%;3. 21 HH42 80 4R, 4. 1—2,4K A1B X
AT 21 40 50 4E4%

TE AIB SR ST, RS ARAY 5 B 38 B X TR AR B0 A/t 3 | ph SR vEAE Y 11.69% BRI 51 2020 4F
B 4.71% , 3] 2050 4EW/NE] 2.17% , 1117 2080 4E45 /0 2 0.46% ; [ 2T R AR AR AP 5 B IX T AR M 2000 4E1 23%
WHN3] 2020 4E1) 28.01% , B IR FEE .
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Table 3 Habitat suitability classes area percent of broadleaved Pinus koraiensis forest

T FUE 43 L5 Percentage of area/%

SR 5 Ef
Climate change scenario Year ARIEEX {FE L L X LI X
Unsuitable area Low suitable area High suitable area

FHHE current 2000 65.31 23.00 11.69

A2 S fE 1% 5 A2 scenario 2020 70.88 24.35 4.77
2050 61.91 32.44 5.66
2080 62.22 37.18 0.60

A1B S %155 A1B scenario 2020 67.27 28.01 4.71
2050 69.26 28.57 2.17
2080 71.32 28.22 0.46

B1 A {7155 BI scenario 2020 63.32 23.54 13.14
2050 63.09 30.10 6.81
2080 65.30 30.34 4.36

MAE B1 A5 T, 2L AR A0 o 80 B DX i AR AR R A 385 0 J5 082D, i 11.699% 384K 2 2020 4E 1)
13.14% ,{BFE 2050 F1 2080 4 Ho 7 FR 3 BN 6.81% F1 4.36% ; [ M- 2T A AR 1 A% B8 3 ‘B X T8 AR A 2000 4E
(23%) 3| 2020 4F(23.54% ) JL-F- 54 484k (H 5231 2050 4E84 /118 30.10% , 1M J5 (R 5558 €

3 e

ELF 5% 22 W, BRI 470 b B 43 A 9 32 2 R - S A 0 %) i S | 58 B2 76 S0 T 5 A0 A £ iy A m T )
AP BRIBETE A (2013) BF 7 3 IR MR 52 i MR A0 5 32 B2 R R AR B K 0T AR SO B S5 A R D 2538, A
ST (2012) 53 2 IR MR 21 Wi b B 40 A ) o E LA IR T I A H e S 39T 22 OO AR ok &
SRR RA — 225, H BB EEEAF 078 TR R 5 T AN, AR SCHn 7 e 718 b 56
BilH 7, eAh, i TR R 1 0 st AR AR TR] , 2B AN ] () B8 R 1 3 AR

Xop AR b i X AR AN K AR B IF 9T 26 BH 76 A2 A1B B1 =FhHERUE 5 F R K 100 45 R AR K A
I BB IR S, A, 7E A2 15 50T AR AR K B 3G e s, FLUOR: ALB ff 5, A8 TR I B fe /M 2
B1 HERUE 5, AT 2R WA 2R M B A X RS B K i R E A C R R, SRR B AR
M 4 BRAE ARG BRI DR BH T, MR BE A AU AS , Bk A s o AELHE IS AN 1 T B T s s i 1)
ZEHCER BRI DRI A BR A AS A  (E AR b 2R 358 L DX T 1 88 () S A AR A e 34, B LA 32 B bS48 T4k A
et R £ R AR A3 A DX AU DD B S AR AR B A R R AR (2007) BF ST KB AR AR AS BE
IKIEIMAI T ST ZIAM A K240 1 X AR S AR A R 3 AR Sor e 3 RSl 5t RS B
XA 525 1R | ) 2020 A, A XS JR 2 K240 b X, 7 A2 A1B S5 5 T 3] 2080 47, K244
A PR 3 b DX A K25 AT I P T AP %) 15 BE 3 X, (R T/ N6 2208 b IX A BF T 0 BT AN ], > R AR R K
BTN 10% 447 ARG IR T 5OC B, AT AR 78 ) A 400 235 SR 2% I I 2D MOKE Bl 52 1y 1 L SR B RN 24 A ok
AR R AT R Y 7E cGeM2 1B 5T, W AES 15 B ] A £5 18, T A8 SCE B SRES-A2  SRES-ALB
SRES-B1 —Fp S fiedl s, A AR R 22500, T IR Wb 43 A 5580 H 1A AR 2 AN 1, 158, TER T B
b A AR Z RIS A o AT AN (] ) P e 43 A A 0 T 45 SR A BT 25 5, LR, AR TR 1 1) A A AR
KA, BEBUR R St 5, UM ZS SR A AR TR O BeAh, 76 A2 SR SR, A 2020 4% 2050 4R g
ZTAN PRI 137 3 B DX TR o, SR R) e ] P £ WA PR 328 B S5 0 03 A SR B 4 2R ol 1) 38y =045 3 1Y
P TT BB 2t R BT 22

PIFp oA KRR AR S S HEA DT S0 24 R I AR TR G e 23 RUEE 132 8 2Rl 28 A [R] 5 3 1) 4
il A P M RR A XA DURR R R R BE R AR R R ERE ) PRI R R B 1
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HEALRE S 2N WA SO A5 DR 3R v 140 B8 PR A R 0000 8 bt A7 T , 15 S i A — 7 1) 22

B R A — A BT
4 #Hig

BT, 2O E 22500 TR L AN SIS M X, (H27E A2 A1B B1 SUBE 50T U 2L R AR
WA SR AR KB 225, A R AL RS | 38 B 0 A DX 3l ARl /)N, AR st DX el P 20 A b vy
FEE A A XA TR AL AR DRI X, IRk, SR AR B ™ B, X6F i) 2D AR 1) 43 A7 5 Mt ek oK,
HIETE A2 A1B UGS, 2] 2080 4F i 2L AA AR A% w57 B A B X TR AT o5 58 X TR AU A2 1%, 1 B 4n 2R
AP PR BE Al SARAR DA , B4 R I ZEAA AR A KA AT BBZ T 28 TARIL B IX 1 5 o i) i 21 A AR
OMA ) S IRBE N T BRI A (Biol2) (B MERE N & (BiolS) IR (ELE) AEF-IIRE (Biol ) T
ZE BT (Bio8)
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