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Abstract: Potential distribution area and dynamic change of Quercus cocciferoides Hand.-Mazz. ( a
representative tree species in dry-hot valley of Southwest China) were studied by using MaxEnt model.
Based on 91 reliable distribution records and 7 bioclimatic variables, the simulation result shows that
potential distribution of (. cocciferoides at present is constrained by both temperature factor
(isothermality, monthly mean diurnal range of temperature, and annual mean temperature) and
precipitation factor ( precipitation of the driest month) , and isothermality is the primary factor affecting its
potential distribution at present. The potential distribution area of (). cocciferoides is consistent with its
actual distribution, and the highly suitable areas at present are located in plateau in Central Yunnan and
Jinsha River watershed from North Yunnan to South Sichuan; in the last glacial maximum, high suitable
areas are located in Central and Southeast Yunnan, and retreat southeastward and area of central
distribution area decreases; in the mid-holocene, overall distribution area is relatively stable; in the
future (in 2070), high suitable area is basically identical to that at present, but moderate and low
suitable areas slightly expand northward. Southeast Yunnan and northern Indo-China Peninsula might be
the south refuge of (). cocciferoides in the last glacial maximum, and dry-hot valley in Southwest China
might be the important passage for the migration and spread of (. cocciferoides in the glacial-interglacial
period. According to the comprehensive research results, Q. cocciferoides distributed in dry-hot valley of
Southwest China should be protected, especially the population located in Southeast Yunnan.
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Table 1 Distribution records of Quercus cocciferoides Hand.-Mazz. in dry-hot valley of Southwest China used for MaxEnt model prediction
Ps i 2 HeP D s EAh S 7 FeigD
No. Latitude Longitude Source!’ No. Latitude Longitude Source!’
1 N28°03'00" £98°54'36" CVH, IBSC02029788 47 N23°27'36" E102°01'12" CVH,KUN0504186
2 N19°19'48" E98°52'48" MO,4013111 48 N28°06'36" E100°15'36" CVH, IBK00084247
3 N27°09'00" £100°23'24" CVH,KUNO0504164 49 N25°43'48" £100°24'36" CVH, PE00495265
4 N28°15'36" E100°12'00" CVH, CDBI0014743 50 N26°06'00" E100°06'00" CVH, IBSC0065429
5 N24°30'36" E101°39'36" BFHNRAE Field collection || 51 N26°43'48" £100°23'24" CVH,KUN0396885
6 N27°24'36" E102°08'24" CVH,PE00296709 52 N26°07'12" E100°04'12" CVH, PE00296698
7 N27°24'00" E103°06'36" CVH,KUN0909471 53 N26°12'00" E100°13'12" CVH,PE00296730
8 N27°39'36" E103°13'12" CVH, SZ00108500 54 N27°22'48" E100°10"12" 7R AE Field collection
9 N26°37'48" E101°46'12" HFHISRAE Field collection 55 N27°19'12" E100°13"12" CVH,IBSC2029829
10 N28°17'24" E101°52'48" PR AE Field collection || 56 N23°51'36" E103°33'00" CVH,PE00296747
11 N27°38'24" E100°28'12" CVH,PE00296775 57 N26°01'48" E102°47'24" CVH,PE00296723
12 N28°03'36" E100°30'36" CVH,PE01862076 58 N22°37'12" E103°55'12" AR AE Field collection
13 N27°45'36" E100°39'36" CVH,PE00296722 59 N23°46'12" E103°37'12" CVH,PE00296745
14 N28°16'48" E100°39'00" CVH,CDBI0014737 60 N26°53'24" E102°06'36" CVH,NAS00203828
15 N28°09'00" E100°51'00" PR AE Field collection || 61 N26°07'12" E100°15'00" CVH,KUN0504215
16 N28°09'36" E100°51'36" HFANRAE Field collection || 62 N23°43'12" E102°54'00" CVH,PE01815025
17 N28°16'48" E100°51'36" HFHIRAE Field collection 63 N25°48'00" E100°21'00" CVH,PE00296700
18 N28°15'36" E100°51'36" CVH, SZ00108350 64 N27°28'48" E100°04'12" CVH,KUN0468652
19 N28°32'24" E100°51'36" CVH, PE00495266 65 N27°47'24" E100°31'48" PP AR AE Field collection
20 N28°11'24" E100°52'12" CVH, PE00296697 66 N25°56'24" E100°24'00" CVH,PE00406793
21 N28°24'36" E100°52'48" P #hR4E Field collection 67 N27°48'36" E101°23'24" CVH,SZ0010988
22 N28°27'36" E100°58'12" CVH, SZ00108694 68 N25°28'12" E100°12'00" CVH, CSH0144230
23 N27°46'12" E101°13'12" CVH, PE00296706 69 N27°39'36" E100°28'12" BF AP RAE Field collection
24 N27°48'00" E101°12'00" CVH, PE00296695 70 N28°04'48" E100°31'12" AR 4E Field collection
25 N27°49'48" E101°11'24" CVH,CDBI0014738 71 N28°18'36" E100°40'48” BFH1 R4 Field collection
26 N28°22'48" E101°16'48" CVH,PE01862074 72 N22°08'24" E101°07'48" CVH, HITBC022181
27 N27°39'00" E101°15'00" 4} R 4E Field collection || 73 N26°07'48" E101°00'36" AR 4E Field collection
28 N26°37'12" E101°24'36" BFHIRAE Field collection || 74 N27°40'12" E100°18'00” AR 4E Field collection
29 N27°49'48" E101°00'00" GBIF , 1304008386 75 N27°07'48" E100°14'24" CVH,PE00296729
30 N27°47'24" E101°1800" CVH, KUN0504201 76 N27°06'00" E100°10"12" CVH, PE00296726
31 N27°40'12" E101°52'12" P 7hRAE Field collection 77 N26°49'48" E100°12'00” CVH, PEMO0000676
32 N26°39'00" E101°43'48" CVH, CSH0114437 78 N22°03'36" E101°18'36" CVH, HITBC022179
33 N25°31'12" E101°45'36" CVH,CSH0145331 79 N23°36'00" E105°12'00” BF 4P RAE Field collection
34 N26°42'36" E101°38'24" CVH,PE01815204 80 N23°22'48" E104°47'24" CVH,KUN504184
35 N26°38'24" E101°36'00" CVH, PE01900334 81 N23°44/24" £105°25'48" CVH,KUN0873959
36 N26°03'00" E101°34'48" CVH,PE01859443 82 N23°3300" E105°49'12" CVH, WUK0268007
37 N25°22'12" E102°45'00" CVH,KUN504179 83 N24°08'24" E104°07'12" WFHIRAE Field collection
38 N27°04'48" E101°14'24" CVH,KUN504196 84 N26°27'00" E101°04'48" CVH,CSHO0114571
39 N27°22'12" E100°10'12" CVH,KUN504178 85 N24°33'36" E103°03'36" CVH,CSH0143151
40 N26°28'12" E101°01'12" CVH, PE00495264 86 N24°19'48" E102°57'00" CVH,CSH0143877
41 N26°06'00" E101°04'12" CVH,KUN0504168 87 N24°07'48" E102°57'00" CVH, IBSC0065439
42 N28°13'12" E101°51'36" CVH,PE01815201 88 N24°37'12" E103°02'24" CVH,NAS00203831
43 N28°37'12" E101°40'12" CVH, CDBI0014732 89 N25°3824" E100°02'24" CVH,PE02039793
44 N26°00'36" E102°10'48" CVH,KUN0691708 90 N25°42'00" E101°57'00" BFHNRAE Field collection
45 N25°55'48" E101°55'48" CVH,KUN504223 91 N27°26'24" E103°04'48" CVH, SZ00108906
46 N25°43'12" E101°57'36" CVH, CSHO114444

D CVH, W EBCEEDARAE G 905 MR A B B AIEAS Chinese Virtual Herbarium, subsequent code represents bar code of specimen; MO %
I BAEYIFEARAAE |, H 5 95 I PR A B SR 7K 5 Missouri Botanical Garden Herbarium, subsequent code represents serial No. of specimen; GBIF
EERAY ZREAR B W, S 95 MR A TR R 2525 Global Biodiversity Information Facility, subsequent code represents bar code of specimen.
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Fig. 1 Potential distribution area of Quercus cocciferoides Hand.-
Mazz. at present predicted by MaxEnt model
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Table 2 Habitat suitability and habitat stability of each distribution point of Quercus cocciferoides Hand.-Mazz. during different periods based on
MaxEnt model"

4’5 No. Niou Npye Ny NsanLom) N (r) %5 No. Niou Npye Ny Nsan(Lom) N (r)
1 0.13 0.53 0.61 0. 60 0.93 47 0.28 0.36 0.23 0.92 0. 87
2 0. 05 0.01 0.00 0.96 1.00 48 0. 14 0.70 0. 68 0.44 0.98
3 0. 47 0.70 0.70 0.78 1. 00 49 0.49 0.58 0.59 0.91 0.99
4 0.07 0.57 0. 68 0. 50 0.90 50 0.33 0.68 0.56 0. 65 0. 88
5 0. 54 0. 60 0.32 0.94 0.72 51 0. 47 0.70 0.70 0.78 1.00
6 0. 60 0.63 0.53 0.97 0.91 52 0.46 0.59 0.58 0.87 0.99
7 0.30 0.44 0.37 0.87 0.93 53 0.32 0.59 0.43 0.73 0. 84
8 0.30 0.40 0.47 0.90 0.93 54 0.37 0.70 0. 68 0.67 0.98
9 0. 40 0. 67 0.56 0.73 0.89 55 0.27 0. 69 0.58 0.58 0. 88

10 0.54 0. 64 0.59 0.90 0.95 56 0.42 0.48 0.41 0.94 0.93
11 0.31 0.71 0.69 0. 60 0.98 57 0. 66 0.68 0. 65 0.98 0.97
12 0.18 0.71 0. 68 0. 47 0.97 58 0.31 0.08 0. 04 0.77 0.96
13 0.29 0. 68 0. 66 0. 61 0.98 59 0.44 0. 68 0.45 0.76 0.76
14 0.11 0.65 0. 64 0.47 1. 00 60 0. 63 0. 64 0.59 0.99 0.95
15 0.18 0.67 0. 64 0.51 0.97 61 0.39 0.48 0.39 0.91 0.91
16 0.18 0. 67 0. 64 0.51 0.97 62 0. 56 0. 62 0.38 0.95 0.77
17 0. 14 0. 66 0. 63 0.48 0.97 63 0.49 0.58 0.59 0.91 0.99
18 0.14 0. 66 0. 63 0.48 0.97 64 0.48 0.72 0.70 0.77 0.98
19 0.07 0.54 0.56 0.53 0.98 65 0.17 0.59 0. 60 0.59 0.99
20 0.17 0. 66 0. 63 0.51 0.97 66 0.51 0.59 0.59 0.92 1.00
21 0.11 0. 60 0.58 0.51 0.98 67 0.48 0. 62 0.58 0. 86 0.96
22 0.10 0.56 0.52 0. 54 0. 96 68 0.50 0.58 0.58 0.92 1. 00
23 0.43 0. 65 0.61 0.78 0. 96 69 0.31 0.71 0.69 0. 60 0.98
24 0.43 0.70 0. 66 0.73 0. 96 70 0.18 0.71 0. 68 0.47 0.97
25 0.43 0.70 0. 66 0.73 0.96 71 0.11 0. 63 0.63 0.47 1.00
26 0.18 0. 65 0. 60 0.53 0.95 72 0. 06 0.08 0. 04 0.99 0.96
27 0. 46 0.62 0.59 0. 84 0.97 73 0.58 0.61 0.61 0.97 0.99
28 0.18 0.70 0.40 0.48 0.70 74 0.27 0.72 0.70 0.55 0.98
29 0.32 0.61 0.59 0.71 0.98 75 0.42 0.67 0.67 0.75 1. 00
30 0. 46 0.70 0. 66 0.76 0. 96 76 0.30 0.53 0. 54 0.77 0.98
31 0.55 0. 65 0.58 0.90 0.93 71 0.53 0.71 0. 68 0.82 0.98
32 0.40 0.67 0.56 0.73 0. 89 78 0.16 0.14 0. 06 0.98 0.91
33 0.34 0. 68 0.49 0.67 0.81 79 0.50 0.33 0.33 0.83 1. 00
34 0.62 0.67 0.58 0.95 0.92 80 0. 54 0.37 0.38 0. 83 0.98
35 0.24 0.70 0.41 0.54 0.70 81 0.51 0.36 0.25 0.85 0.89
36 0.19 0.58 0.30 0. 62 0.72 82 0.49 0.28 0.13 0.80 0.85
37 0.20 0. 66 0.35 0. 54 0.69 83 0. 44 0.58 0.52 0. 86 0.93
38 0.50 0. 63 0.62 0. 87 0.99 84 0.21 0.69 0.55 0.51 0. 86
39 0.37 0.71 0.70 0. 65 0.98 85 0. 62 0. 64 0.50 0.98 0. 86
40 0.15 0.70 0.45 0.45 0.75 86 0. 62 0. 63 0.53 0.99 0.90
41 0.49 0.55 0.52 0.93 0. 96 87 0.55 0.63 0.53 0.92 0.90
42 0. 54 0. 67 0.58 0. 87 0.91 88 0. 62 0. 64 0.50 0.98 0. 86
43 0.29 0.59 0.56 0.70 0.97 89 0.26 0. 10 0.10 0. 84 1.00
44 0. 65 0. 65 0.62 1. 00 0.97 90 0.30 0.32 0.40 0.97 0.92
45 0.43 0. 68 0.55 0.75 0.87 91 0.35 0.51 0.43 0. 84 0.92
46 0.30 0.32 0.40 0.97 0.92

I)NLCM: RAGHR A AR AR U vk 3] 449G S8 3 35 B Habitat suitability of distribution point of Quercus cocciferoides Hand.-Mazz. in the last glacial
maximum; Np, : BRAGZERS A 5576 B A9 JE H3E ‘B Habitat suitability of distribution point of Q. cocciferoides at present; Ny : BRARHR M fAEAR
(2070 4F) (4732 Hh3E B M Habitat suitability of distribution point of Q. cocciferoides in the future (in 2070) ; Ng, LoM) ¢ AR A sSAER K%
VKRN B HbFE E P Habitat stability of distribution point of Q. cocciferoides in the last glacial maximum; N p) : %%g{*ﬂ:ﬁ?ﬁﬁ?{ﬂiﬂéﬂ@*ﬁ%ﬂﬂ%
FEVE Habitat stability of distribution point of Q. cocciferoides in the future.
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Fig. 2 Potential distribution area of Quercus cocciferoides Hand.-
Mazz. during different periods predicted by MaxEnt model
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Fig. 3 Potential distribution area and overlapping-potential
distribution area of Quercus cocciferoides Hand.-Mazz. during
different periods
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YE 95 58 MIBRARER 0 A S E B AL AR O B (29.6%) . ‘& I 22 A ¥ (8 (27.4%) . %5 1 1
EEE, ST 72 FERRER A R AEAR YR B (23.5%) AR (18.8%) , VO35 1Y BTk R S A K
FAR B HE BV , 2 78 1 82 MUBRIRARAY i 99.3%, B EEAENIFIRT 3 A9 LW MR AS KK
STEAR WG 8 S B, DL K 5 89 MIERARAR Sy WAFIRYE(41.5%) e A oK & (29. 4% ) B
A A BRI A B M B IR T AR A IRZEH A (26.9%) , —FH BB 97%

FAAEBE (0. 193£0.009) o AR YUK & 73 A 451 Jackknife K 56G45 8 (1 4) B ;24 53 1) ] Bl

R MRS PR IR R A M S I B AR E AR U A B Rl JH B R ) A 2L i A i A A
PRI AR RN Yy Az i, TE AL IR0 5 I 30 5 A2 i
2.4 EYSELTENEEMESH TAERHE 2T /Y T FRAS 2 B 25 SR AR ), R4l e

U (K 3) RUL T MaxEnt BERIFEN A0 fe T H Gy KR FUe gl 22 H S 1151 3, 3R]
PAGMRIM Y 7 DAY rp ST X 3 AR U 5 R ERAG R 23 A1 Y R A BTk A
B 4 AP A RKR DR+ H O BERKE B,

%3 AT MaxEnt BRI ZMSKEFERK D FHENSETENTAREZNEREEE
Table 3 Contribution rate and permutation importance of bioclimatic variables affecting distribution of Quercus cocciferoides Hand.-Mazz. at
present used for MaxEnt model prediction

ETRe AR A EX piti& A %
Code Bioclimatic variable Unit Contribution rate Permutation importance
biol AEF T Annual mean temperature C 18.8 2.0

bio2 B 22 A Y6 Monthly mean diurnal range of temperature C 27.4 26.9

bio3 ZEIR M Tsothermality % 23.5 41.5

bio4 TR =25 E Temperature seasonality C 0.3 0.0

biol2 AEH4BEIK i Annual mean precipitation mm 0.1 0.0

biol4 Hc T H 3B 7K 8 Precipitation of the driest month mm 29.6 29.4

biol8 e INZ %K & Precipitation of the warmest quarter mm 0.3 0.1

biol8 biol8 biol8
[} < <
tz) 5 biol4 i 5 biol4 i 5 biol4
@ 2 biol2 @ 2 hiol2 EZ( g biol2
© S biod TS biod TS biod
e _§ bio3 § _% bio3 N E bio3
#Hg | Hg | HEg o
Z bio2 &  bio2 &  bio2
biol ; . . ) biol ; . . ) biol ; ; ; . )
0 1 2 3 4 0 1 2 3 4 0.75 0.80 0.85 0.90 0.95 1.00
IERARYIZRIE 25 MHKABEET  Test gain XA TAERFAE 2N MRS
Regularized training gain Area under receiver operating

characteristic curve

RIS ST 1 3 il s (8 B A 4 08 20 i R BRI A 0 S A28 B A ) T A A W S A8 5 1 MaxEnt AU TR 25 5 Dark gray and gray bars
represent prediction results of running MaxEnt model with only bioclimatic variable and all bioclimatic variables except this bioclimatic variable, respectively.
biol ; 4F¥Ji Annual mean temperature; bio2: B 22 H ¥J{H Monthly mean diurnal range of temperature; bio3; Z&J Y Isothermality; bio4 . JEEZ= 1Y
A5 4, Temperature seasonality; biol2: 4F¥J[% 7K Annual mean precipitation; biol4; fiz T H /} 7K & Precipitation of the driest month; biol8. fxiA\Z=pF
[%7K & Precipitation of the warmest quarter.

E 4 FT MaxEnt BRI ZIMESEHEAR S HHENSELZEN Jackknife 1305 R
Fig. 4 Jackknife test result of bioclimatic variables affecting distribution of Quercus cocciferoides Hand.-Mazz. at
present used for MaxEnt model prediction
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Fig. 5 Marginal response curve of bioclimatic variables affecting distribution of Quercus cocciferoides Hand.-Mazz. at
present used for MaxEnt model prediction
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Fig. 6 Frequency histogram and normal distribution curve of bioclimatic variables affecting distribution of
Quercus cocciferoides Hand.-Mazz. at present used for MaxEnt model prediction
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