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Prediction of potential suitable distribution of Quercus serrata Thunb. var.
brevipetiolata (A. DC.) Nakai in China under climate change scenarios

ZHANG Zheng', CHEN Shuhan', ZHU Peng’, LI Han"*°, TAN Bo"*°, XU Zhenfeng"*° & YOU

Chengming" 2"

'College of Forestry, Sichuan Agricultural University, Chengdu 611130, China;

“Sichuan Provincial Key Laboratory of Forest Ecology and Conservation in the Upper Reaches of the Yangtze River, Chengdu 611130, China;
*Sichuan Mt. Emei Forest Ecosystem National Observation and Research Station, Leshan 614200, China

Abstract Quercus serrata Thunb. var. brevipetiolata (A. DC.) Nakai is a common tree species for ecological
restoration in hilly and mountainous areas of subtropical and warm temperate regions in China. It plays a crucial
role in maintaining regional ecological balance. This study aimed to identify the dominant climatic factors limiting
the distribution of Q. serrata var. brevipetiolata, predict its potentially suitable habitats and provide a theoretical
foundation for its effective promotion and conservation in forestry practices. A total of 146 valid distribution
points and 20 environmental variables were used to predict the potential distribution and key influencing factors
for Q. serrata var. brevipetiolata in China under three climate scenarios (SSP1-2.6, SSP2-4.5, and SSP5-5.8)
for the present, 2050s (2041-2060) and 2070s (2061-2080). The predictions were conducted using MaxEnt and
ArcGIS 10.6 software. The main findings were as follows: (1) The predicted results had high reliability, with area
under receiver operating characteristic curve (AUC) values above 0.9 for all groups. (2) Annual precipitation and
the lowest temperature in the coldest month were the dominant environmental factors affecting the distribution of
Q. serrata var. brevipetiolata, with contribution rates of 45.3% and 39.3%, respectively. (3) Total potential habitat
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area of Q. serrata var. brevipetiolata has 3 409 227 km?, accounting for 35.51% of the total national area and
almost covers the subtropical and warm temperate western regions of China. High, medium, and low suitability
areas accounted for 5.29%, 43.01%, and 51.70% of the total suitable area, respectively. (4) Under all three future
climate scenarios for the 2050s and the 2070s, the total suitable area for Q. serrata var. brevipetiolata did not
show significant changes. The suitable area mainly in Guangdong, Zhejiang, western Sichuan, Fujian, and other
places slightly reduced, but in Liaoning, Xizang, Shaanxi, and other places expanded; however, in the 2050s
and the 2070s, the average changes in areas of high, medium, and low suitable habitats were -6.97%, +9.77%,
-8.17%, -1.91%, +4.22%, and -5.88%, respectively. These results indicate that the distribution of Q. serrata var.
brevipetiolata is mainly determined by precipitation and minimum temperature. Under climate change, its range
is predicted to shift toward higher latitudes and elevations, maintaining stable total suitable area but expanding
moderately suitable habitats. In the future, we should strengthen the protection of existing high-suitability areas
and carry out an introduction experiment on good seed sources of Q. serrata var. brevipetiolata with a highly
adaptable seed source to compensate for the disappearance of local species or to conduct ex situ protection in
the expansion area.

Keywords Quercus serrata Thunb. var. brevipetiolata (A. DC.) Nakai; MaxEnt model; climate change; potential
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Table 1 Geographical distribution of Quercus serrata var. brevipetiolata collected so far in China

HilX Region 344 E Distribution quantity H[X Region %+ Distribution quantity
1Lip Shanxi 1 4t Hebei 18
L7 Liaoning 2 #W# Hunan 9
AR Jilin 1 ] 74 Guangxi 6
7L.73 Jiangsu 7 # KX Chongging 15
WL Zhejiang 15 PUJIl Sichuan 23
Z Anhui 12 1M Guizhou 4
VL7 Jiangxi 9 Z Yunnan 3
LI% Shandong 4 B Shaanxi 7
[ F4 Henan 7 H7f Gansu 3
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Table 2 Environmental factor interpretation table

A% Variable fifii® Description A7 Unit
bio_1 43R Annual mean temperature C
bio_2 P43 H % Z Mean diurnal range C
bio_3 ZEJEE Isothermality %
bio_4 i JE 225 1k Temperature seasonality C
bio_5 A H il Max temperature of the warmest month C
bio_6 w4 HRKIE Min temperature of the coldest month C
bio_7 FEIR AR L TEE Temperature annual range C
bio_8 IR ZEE IR Mean temperature of the wettest quarter T
bio_9 % T2 Y Mean temperature of the driest quarter T
bio_10 I EZ=E 153 Mean temperature of the warmest quarter C
bio_11 A ZEE )R Mean temperature of the coldest quarter C
bio_12 FEHB% /K Annual precipitation mm
bio_13 I H %7K & Precipitation of the wettest month mm
bio_14 B T-AF#/K & Precipitation of the driest month mm
bio_15 [k 875 5+ 2% Precipitation seasonality %
bio_16 RIEZ ¥ %K & Precipitation of the wettest quarter mm
bio_17 I TZJZ[% /K& Precipitation of the driest quarter mm
bio_18 & IEZE % /K& Precipitation of the warmest quarter mm
bio_19 BAZEE %K & Precipitation of the coldest quarter mm
Elev 754 Elevation m
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Fig. 1 Average ROC validation curve of Quercus serrata var. brevipetiolata distribution prediction results.

*3 BNRELENTHMESEREEM

Table 3 Contribution rate and permutation importance of various environmental variables

A5 & Variable

TTik# Contribution rate  E #t B 2% Permutation importance

bio_12: fEJf#%/K & Annual precipitation 45.3% 20.1%
bio_6: &4 H&LiF Min temperature of the coldest month 39.3% 56.2%
bio_4: & #2414k Temperature seasonality 5.3% 2.5%
bio_3: %1t Isothermality 2.8% 4.2%
bio_2: “F¥JiE J¥ H% % Mean diurnal temperature range 2.6% 1.3%
bio_15: [#/K &4 55 R4 Precipitation seasonality 2.2% 7.2%
bio 19: /A 2% [#/K & Precipitation of the coldest quarter 1.4% 5.4%
Elev: ifF4k Elevation 1.1% 3.2%
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Fig. 2 Relationships between various environmental variables and probability of Quercus serrata var.
brevipetiolata existence. A: Response curve of bio_12 (annual average precipitation); B: Response curve of bio_6

(minimum temperature of the coldest month).
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fE2070sHf #, 3F A 5t~ (SSP1-2.6.
SSP2-4.5. SSP5-8.5) , JH ik Bk i 78 75 3% 4E [X i
AR 27193 389 333. 3 443 550. 3 447 375 km?,
AR T 2 A A= DX AR 3 sk 2% 1k 79 53l 9 —0.58%
+1.01% +1.12%. ZiEAEX K kX E B R AL
T LG A, T AE X AR TED )N = A M
AR GE A X AR R G, K& AR X BT AR 055
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Pk XA T I T, 4 XA U1 RS
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+4.87%- +8.07%, 5K X3k & EEAE By, ) 7 S5,
T4 X 32 AR T ek S . s 2 (X AT AR 0 531 e 181
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x4 HAIRARRAFRSEFERT2EEMERREEXERENXFER

Table 4 Changes in the total suitable habitat area of Quercus serrata var. brevipetiolata in China under current

and future climate scenarios

S 2 AL 54D
RMER Area (Afkm”) Rate of change compared to the current
Time Scenario Total Total Total Total Total Total Total Total highly
suitable poorly  moderately  highly suitable poorly moderately suitable
area suitable suitable suitable area suitable suitable Habitat
habitat habitat Habitat habitat habitat
Cél il 3409227 1762719 1466164 180344 = = = =
urrent
SSP1-2.6 3387290 1680684 1540878 165728 -0.64% -4.65% +5.10% -8.10%
2050s SSP2-4.5 3418956 1603087 1668273 147596 +0.29% -9.06% +13.78% -18.16%
SSP5-8.5 3409158 1635780 1619076 154302 0% -7.20% +10.43% -14.44%
SSP1-2.6 3389333 1745727 1462024 181582 -0.58% -0.96% -0.28% +0.69%
2070s SSP2-4.5 3443550 1743988 1537586 161976 +1.01% -1.06% +4.87% -10.18%
SSP5-8.5 3447375 1697295 1584425 165655 +1.12% -3.71% +8.07% -8.14%
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R5 HEIRARRAESRER T EBEFN D HMAEFREEXEHERELERL
Table 5 Distribution of Quercus serrata var. brevipetiolata under different climate scenarios and changes in the
average area of suitable habitat in the current and future climate scenarios

WX T AR XA - 2050133 2070s 3438 ok
Redion Grade of suitable Current Average increase or decrease Average increase or decrease
9 habitat in 2050s (AA/km?) in 2070s (AA/km?)
fik Low 1290 -496.67 260.00
EiN o' Medium 60748 6948.67 2117.33
Chongging = High 20355 -6361.33 -2322.00
i Total 82393 90.67 55.33
fik Low 173 122.33 774.33
Wit o Medium 89671 6579.00 6363.67
Zhejiang = High 13135 -6722.00 -7181.33
. Total 102979 -20.67 -43.33
fik Low 349962 -9840.67 -4061.00
e ' Medium 21075 5745.00 3256.67
Yunnan 7 High 0 0.00 0.00
#1 Total 371037 -4095.67 -804.33
fik Low 87369 14648.33 24183.00
76 5% ' Medium 37579 -12820.33 -18858.67
Xizang f5 High 0 0.00 0.00
i Total 124948 1828.00 5324.33
ik Low 128209 -9556.67 -8967.00
) &' Medium 179195 17182.67 13071.67
Sichuan i High 11459 -6345.00 -9030.67
X Total 318863 1281.00 -4926.00
fik Low 11917 -452.00 115.00
FE ' Medium 0 0.00 0.00
Ningxia i High 0 0.00 0.00
M Total 11917 -452.00 115.00
fik Low 55557 4499.67 14497.33
iy ' Medium 23 332.33 67.67
Liaoning f5 High 0 0.00 0.00
i Total 55580 4832.00 14565.00
fik Low 22644 -3625.67 -3061.33
VTG ' Medium 136470 268.00 4336.33
Jiangxi f High 7747 3398.67 -1244.00
X Total 166861 41.00 31.00
X low 30781 -13770.00 -7125.67
L5 ' Medium 71339 13815.00 7030.00
Jiangsu = High 55 -24.67 133.00
M Total 102175 20.33 37.33
ik low 9393 -4.67 1218.00
ke 1 Medium 181034 4741.33 -24533.67
Hunan /& High 21523 -4649.67 23361.67
i Total 211950 87.00 46.00
i low 0 0.00 0.00
Bl ' Medium 132377 4802.67 5207.33
Hubei & High 53211 -4748.00 -5195.33
. Total 185588 54.67 12.00
ik low 60400 -21995.00 -16916.00
T B ' Medium 104854 19824.00 16910.00
Henan = High 248 2142.33 -36.00
M Total 165502 -28.67 -42.00
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4:3%5 Table 5 (continued)

Wb X XA - 2050s )18 ik == 2070s T+ 4 ) =
Region Grade of suitable Current Average increase or decrease Average increase or decrease
9 habitat in 2050s (AA/km?) in 2070s (AA/km?)

i low 8810 -1746.67 -490.67
P 7 Medium 167121 1766.00 495.00
Guizhou f& High 0 0.00 Silss)

& Total 175931 19.33 35.67

i low 205608 -17355.00 -8250.67
I H Medium 30686 16657.00 7922.33
Guangxi i High 0 0.00 0.00

& Total 236294 -698.00 -328.33

fi low 168144 -4987.00 -4217.33
I ' Medium 1409 2054.33 674.33
Guangdong = High 0 0.00 0.00

& Total 169553 -2932.67 -3543.00

i low 92463 -6788.67 -396.67
H i Medium 25530 2053.33 1838.33
Gansu fm High 0 0.00 0.00

& Total 117993 -4735.33 1441.67

fi low 109201 -14693.67 -1411.67
Gy H Medium 10947 13963.33 639.00
Fujian = High 0 0.00 0.00

& Total 120148 -730.33 -772.67

fi low 21056 -8325.00 -3321.67
2 ' Medium 67180 9070.67 12139.00
Anhui = High 51920 -719.00 -8766.67

& Total 140156 26.67 50.67

i low 60522 -2633.67 -3475.33
[k e H Medium 100298 4389.33 5175.00
Shanxi & High 630 -612.00 -302.33

& Total 161450 1143.67 1397.33
3 iTip P T 7= A B SR, (B R WR B B, A 24

3.1 RBIFNZE R E RN

AT 5T MaxEntiE B BEAT T4k, AN TR 241
FRAE A FIE N S50, B 75 3 = P R A M AR 98 78
TEA X HIUERAPE. IR, AR R I 45 R A n Sk, i
FUR B T AR AR A A 5 1 B R A B8, SR RS
=1 “corrplot” 2 7 6% B 55 245 34T 1 PearsonAf
KM HT, B T AH G R A i B 7 D gk A1
AIREER 7, DAIE G A% 1 [A) 1) 22 B R 28 P AN A o 41L
A BRI RE RS R T 2 AT I AUCHHE A/ N i
MAEFR. 2 iR Ak B Max EntAs 758 T 0 5 AR AL RR £
& A X, a5 FIAUCHE = T0.9, 1IX5
BT FE 45 S IR AL, 2 B MaxEnt: 26 15 00 A%
MR A 6] PR A 36 AR X 7 T 2 A 0 v P A e A T
SETE.
3.2 EIEREisEEX MmN BERIEET

HEL ) 040 5 T 43 AT DX AR AIE 2 78 /S04 R0 M 2 3 R 1

T E TP I 3 A B VE R 2R AHI et I

A AR R AR T RE I 2 R Vel KA A AR 1) 9 7 Hb 3
FiREAE, Chen%s 5 Bl X9 #k & AR 4L
YOI 72 45 S b R HX — e B SRR K R 2
R S AV AR AR 985 A 3 AR X oA e B R ) T A I
Ty 3K 5 1 SRS AR B AR AT AT 45 R OA AL A
FLAE R, F IR K RS FARAIRR A0 17 (E MR
SIRIEC R, DUl KIS 2 8l 2 x) 4
WARIAR B 7 AT P2 AE AR 52 e B an, 3 & B 7K AT RE §

HEY) L0 T 2 K5 ia, SemaAR R3S 7, M PR i
HAEKSEREP M, Bk 51 T 2 R
FIEM e A ER, Miisem A K 5541, [
B, F 74 H I B ARG R 9 2 5 e KEAR ARLRR AT ) — AN 2R
TR F, H A7 EMER M X R 5 5RBEHR M Liu
L5yl (Hippophae rhamnoides) « #K (Alnus
cremastogyne) [{JHJF 7t 45 B 19— Wi & 2R
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M T BE 2 R ME D IR 7K 3 P47, BEAS 4 B2 22, BRI
S A VEFIRER S, B & S EU AL T A g 3L 4y
i, MAET 2R FHET, &l N e Re -3 S80a it
JE Z S R K, I ER K R EF .
3.3 HEIMARKRSETZRIFTER T ERIEIRE R E/

BEEEXAHIEE

HAl, EA A2 % H I T MaxEnt A A [H
ViR I AR E AR X AT T T, e aE R R T
M EEEINAT. B, Akyol%%. Liu% AlChen%s
FIMaxEntf B x4 HkE (Laurus nobilis) « 77 %3 X

(Cyclobalanopsis gilva) « 4 M5k 4 Fh (1) 78 7 &
A XHEAT T HERI T, A SR T E S,
FEHTAE AT, FARMIER 32 20 TR E T %
U CELRE AL sm AR KO + AT LA 5 T 4 e L AR e L
Jik B, DA R 3x de L ik FR S R 2R e X, IX 5 T
Xt FEAR AR 20 A5 [ IR O R AR— 5. SRR MR X
— A R AIE AT BE A DR St R R 94 B 5 1)
BRIt 2 4b, B 70 7R R AR AR 1 1) B 2R A (KR A
FEIEIK A K ZIE-10-10 “CH1500-3 000 mmZ. ]
(2, 33X 53 [ W P AR R b [X PR 2% A

W4, BeiE i 2 RN MR 19 AEAT 7 SR, AT 3R
FORRAE T /A £E X BB X IR, TP 52t BraE. P vt
B LA S AR A b S5 b /DA R AR AR R A DX AT, X AT R
F& T I R [X 3k A AU S5 A PR T R AR AR
fR AR 2400 AT 5, 1 AR AR 73 ) S A
MRR 73 DX 455 52 R A7 Xk s B — 2.

A SR A AE D b oA B R kR A e MEAE
A A A R 2 5 R R 43 A S G S P00 #E
2050sF12070s (1) 3F0 M 1 5 K, KRR IE A2 X
R IE, X— RIS 8 SRS R T R
BRIV TE 3G 2B X T 45 SR OBl & A X R T AR A
SEPETT RE S BTN 7] T A= 5 20 DX s [ 1 T R B 46 TG
TP AH M UTHT4 20508 5 24 1207 0s 1 3R A A A 5t
AR P v AR DXORIE A DX T AR 48 AR Ak T
Or B —9.72%F1—4.44%, i Tad A= (X 1 AR A8 1k
MR N+ %. X —2 Ak r] e & T U AR R 5
FEE ETHr S, 5 AR AR R AR R K AT g
5 48 T [ R 2 R TS5 T A A DX PR e K 2 9
O, B35 B K o AR IR A A AR A 17 B B
i, AT X LA A X A% AR Ay radE A= XL 53— 7 1,
A 7R W AE v A DX s IR R A R T A A
PRIRAE RIS AR U, SBOEESR PRI
2050sH12070s 2R KA 5, RN AR BRI 72 & AE X
(RN T AR AR AN . 32 (1) A8 A 7 8 6 7 5 7 e
HR S /8 0 L DX A % B P R T S DX A 1A, T
FE VUL 23 55 b DU B A i 2D, X — I RS A +¢

S RAR IR 51 IR RaLBIE M (T RS 10
PG ML TR T A B AU A
SO X [0 25 P, W\TTT BRI, P AR A1
OB, TR, R A X AR
SERTIF A5 C, A X 7E 21142 5 00 T
IS C B L SEAHIIRIE A K b Btk
721G X ™ R 55, 5T 551 6 31K T
ARIL 0 007 B 4556 P X 0 S THL
S (AR SR P X SR A
I A0 - 45780 91 5 P B LR O A A 23
HUTAR . 50k 3 FEAT A A pr TP 0 A
BRI, AT S0 TR A AT 301,
76 IR SR 52 R, 2070s R MR AR 55 3
PR THRAE B2 1 16 20508, 1 55Chen S 117
g VAL T B A T BT 4R S
HORRAHIR R A 2 T B RLPE . BRIL 2 A,
RIS U910, B A A B 8, AL
55 5 X S L AR, J5 5 S5 O
UL A A TR A R A3 kA
AR IR, it T AR S 08 X
RS H T 5.5
3.4 R

E ARG S SEREALRI T8 534 i
PSR R R T T BRI LA AR A 2 U
. T, TRATRHERRAR AR (475 1 TAE AR
BN TG (1) 58 BTN A X (8 e,
I 016 3 7R 2% 7 34528 5 X S0 3 £
1, DLAED SLAAERR . (2) MR AR 148 4
FLH R IROE A X R IRV BT 5, IR 525
1 X TR 58y VRO 5 2 K W, 0
AR A 2RO B SR LS 1550 T
SR KA BT A 5 4R T TR A £ AR
W s SO 26 TS R S

4 Z5ip

ASHIEFEA FH Max EntAsd R F5TI 1 F FEAE A A AR A2
RS HARRA U AR = R G A X, BETTSs
SRR, H AT ARAE R T AL A X R BT B 2R
P HlS AR #Aely 22 MR A K X, Tl R (R
FEFCAuh AR KO R L0 R L 2R R Lk B
ELPTRE, MITEREY T B AR E R
AT ZBERAE. i’ A il B K R A 5
FLIR AR PR AT (1 32 BOASE AR, AR AE AR
A X AT RFAE S A DR FF A E » R AR AL RS LB
AR ATRFAE R R B, 5 BEAE DY I P AR A
JIR SRS AT YD, AE U EORIL T S AT G . (H
I8 5 HE T ) 1 T AT 8] 6 BR ARG, s AR 2R
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DX T AR R 2D, Hhod A DN B R 1 . Rtk ARk
SRR AR T A& AR X K, AR TR

REEXKFRE. EURRLT ST, RERFEHXA)
R R AR T2 ELAEAF Xk, (HAEDY )1 PG HR . AR

HRA ARSI AR XA, NI SR REAR MR 1 PR 97 A
AT DL R 0 s M, A 3 2 X 4 XS T s
AT R AR R AR 5 P sz s, LGRS I Y 3 Mk B
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