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Abstract: Climate change has exerted profound impacts on the distribution patterns of plant species.

Macadamia sp., a tropical to subtropical montane plant, possesses considerable economic and ecological

significance. Understanding its potential ecologically suitable habitats under future climate change scenarios is

of great importance for promoting sustainable economic development and soil and water conservation in
mountainous regions of China. This study integrated the MaxEnt model with ArcGIS technology to analyze
current distribution data of Macadamia sp. in China, along with environmental variables including climatic,
topographic, and soil factors. Key environmental determinants influencing its distribution were identified, and

the potential distribution patterns of suitable habitats were projected for four future time periods: the 2040s,
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2060s, 2080s, and 2100s. The results were as follows: (1) The MaxEnt model demonstrated high accuracy in
simulating the potential geographic distribution of Macadamia sp. in China. (2) Annual mean temperature,
annual mean precipitation, isothermality, and temperature annual range were identified as the most influential
environmental variables shaping its distribution. (3) Across all climate scenarios, Yunnan Province consistently
exhibited the largest area of suitable habitat, followed by the southeastern coastal provinces such as Guangdong
and Guangxi. (4) Under all three future climate scenarios, the total area of suitable habitats gradually decreased
over time, accompanied by increasing fragmentation, while the spatial shifts of the overall centroid remained
minimal. These findings provided a comprehensive understanding of the potential ecological distribution
patterns and requirements of Macadamia sp. in China, offering a scientific basis for the development of
large-scale, climate-adaptive cultivation strategies.
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(Taylor et al., 2013; Ramirezcabral et al., 2017). J& T8 A& FIE RN 4 584 (GARP) (Stockman et al.,
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%% (artificial neural network, ANN) (Zenebe et al., 2024). FEHLARM (random forest, RF) (F{18¥5%, 2021;
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Fig. 1 Distribution points of Macadamia sp. in China [elevation grading reference Li et al. (2008)]
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1) o SEBHERIE T2 ERSFEdEE (https: //www.worldclim.org/) , 47T (1970—2020 ) FIRKS
f%i% Fl HadGEM3-GC31-LL S {5 4% 24(Williams et al., 2021; Michaelides, 2023; Adhikari et al., 2024), 4%
ok 3 P =L B4 (shared socialeconomy pathways, SSPs) f il = A HEUE 5 2, Bl SSP1-2.6.
SSP2-4.5 1 SSP5-8.5, 115 2021—2040 &£ (2040s) + 2041—2060 £ (2060s) . 2061—2080 &£ (2080s)
A2081—2100 5 (2100s) Ak 4 AN, 20870 #4008 307, Hrr, SSP1-2.6 &Rk 2100 = TAHE
JEASSEALE 2.6 W-m? FIRAR S 518 15 5t SSP2-4.5 IR 2100 4RI % AR HRBRR € £ 4.5 W (1) v &4 5
PRIETE R SSP5-8.5 Fan 2100 AR &= SMAHE AR € 78 8.5 Wem™ [ mdm i ia 1 . HIEEGE A
B+ 5283 £ (Harmonized World Soil Database version, HWSD), 238 7> ¥ ZR~ 1 km. #5255 (DEM)
Bl T A B =6 (http: // www. gscloud.cn) , SR ArcGIS BAAFFEEE (aspect) FllH
] C(slope) , ZE[AI3HFRAN 30 mo AT A IR ELE ArcGIS 10.7 FERFEE 1 km.
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Table 1 Explanatory table of environmental variables

AP & Variable ik Description AL Unit
BIO1 )5 Annual mean temperature °C
BIO2 B2 H ¥JMH Mean diurnal range °C
BIO3 ZE M Isothermality (BIO2 / BIO7) (*100) %
BIO4 1B Z=HT AR LA 2 Temperature seasonality —
BIOS % A % =i Max temperature of the warmest month °C
BIO6 % H 5 f&IR Min temperature of the coldest month °C
BIO7 F IR VEH Temperature annual range °C
BIOS iR ZE P H)iR ¥ Mean temperature of the wettest quarter °C
BIO9 B T2 % P24 Mean temperature of the driest quarter °C
BIO10 % 2= 1) 5 Mean temperature of the warmest quarter °C
BIO11 A ZEE IR Mean temperature of the coldest quarter °C
BIO12 FHJF/K & Annual mean precipitation mm
BIO13 # i H %7K & Precipitation of the wettest month mm
BIO14 BT H [ 7K & Precipitation of the driest month mm
BIOI15 [ /K B 2= A2 4K Precipitation seasonality mm
BIO16 I W 2= % 7K & Precipitation of the wettest quarter mm
BIO17 T Z= ¥ [% /K & Precipitation of the driest quarter mm
BIO18 % 2= [% /K & Precipitation of the warmest quarter mm
BIO19 5 2= [% 7K & Precipitation of the coldest quarter mm
DEM =7 Digital elevation model m
Aspect Y1) Aspect —
Solpe i & Slope °
T bs FLAMIFNE Base saturation %

T CaCOs TR £2 % & Carbonate content %weight
T CaSO4 iR b2 & Sulfate content %weight
T cec_clay A IR P S A2 # 58 /) Cation exchange capacity of cohesive layer soils comlkg™!
T cec_soil BRI BH B 7 A2 #: BE /7 Cation exchange capacity of soil coml-kg™!
T ece 5 H % Electric conductivity dSm’!
T gravel 4T /KA 1 43 B Percentage of crushed stone by volume %vol
T oc + 3 MUK & & Soil organic carbon content %weight
T ph H20 T IERRE Soil pH -log(H")
T ref bulk +3E%¥ & Soil bulk density kg-dm?
T sand + 390474 & Soil sand and gravel content %wt
T silt T3 & & Soil silt content Yowt
T teb A M 53, Exchangeable base comlkg!
T texture T+ 5t Soil texture grading —

Awc_class + 3 % E /K& Available soil moisture —



T esp A 22 #e i £ Exchangeable sodium salt %
T clay Fi - & Clay content Yowt
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T O B AR 25 2 BRI PR AR B (Fick et al., 2017; XIZEUEEE, 2020) o KW 0 S5 A1 208 5 91975 8 -4
A MaxEnt #58Y, A H JJUNESAT R 7k, @7 B8 B R g AR S A ELE 0 TR BTN
b fe& ik HESR (BIO) | fERE/KE (BIO12) . ZE M (BIO3) . HEXRAILEE (BIO7) .
TIEEEAEIIE S (T graveD) . HIERESE (T sil) Mg TEFETFKE (BIO17) 3% 7 4MRHF
VE R I 5 N &

HIR R

Correlation coefficient
B , il

-1.0 0.5 0.0 0.5 1.0

T_cec_clay
T si

T\l‘eb

B 2 40 /N3F3EEE R Spearman AT

Fig. 2 Spearman correlation analysis of 40 environmental variables
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Fig. 3 AUC under different climate scenarios
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AR 1. TTERFEZEHF AT 4 R AERE (BIOD « F¥FoKE (BIO12) . &iEtE (BIO3) .
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Fig. 4 Jackknife test and contribution rate of environmental variables
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Fig. 5 Dominant environmental variable response curve
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18.1°—31.6° N, SN 40.15X 104 km?, 54 FE LMK 4.18%.
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Fig. 6 Current distribution of Macadamia sp. in China’s suitable areas
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Fig. 7 Changes in the area of different suitability classes of Macadamia sp. under different climatic scenarios
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Fig.8 Changes in the area of various Macadamia sp. growing areas in different provinces (regions) of China

under different climate scenarios
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Fig.9 Changes in the distribution of Macadamia sp. suitable areas in China under different climate scenarios
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3.1 MaxEnt #RI R &5 R K7 ek

AHFFTEEET CMIP6 A (Li et al., 2020), FEILAT LAl |, 1 HL SSP1-2.6.SSP2-4.5 1 SSP5-8.5
3 PR SABAE 0T 20408 22 2100s (1478 U8 578 703 A X AR AT B 20 AT o & MBI 5t R LIS AT
g5 AUC fE1E 0.900 DAL, Tl &6 Sk

B SR MaxEnt )72 N TS AE R EE 73 AT T 78, {H MaxEnt BRI SRAEAE RS 73 R BRI, andh 45
A FE NP FhRE A B i B 1 BB IRl 2 0 IS LIS AT e TN 485 SR 72 A — 58 S R BKT- 45, 2013, F AR,
2019). AWFFLEH TAME HE A ISR AR S5\ MaxEnt 8528Y, FRAEH TIUNESIBR 1 STk Z 800



IR AR, BEAAREC T HAh 2 K5 B XL R, (HEICERE 7T HNAEEYRE R, 2iE 74
YR Cand) el (A EAE AR RS DR N RGBS AR S0 AR A5 2R o 76 J SR AF 90
N EA e AR AT &, DAARIEAL RS TN &5 B HERfG 1%, AT Bh T3 RN R R 1 51 A AN AR B
.
3.2 RPN R RS A N ERE T

AN [F) R PR B8 200 B 52 e 35 R AP0 1O AR R B AN B 2 A b R (WA D A5, 2025), 10 51 PR AR B B 2 R
i (B M55, 2024) . ASHIF FE A 5T A 30 R RPN R L 25 A 32 2 B AN B KIS, HAER IR A
20~25 °C. FIJPEIKEAE 1 550~4 800 mm Ju [ N . SEIRNEN 45%~54%. F3)IR B TEHI<8°CHY,
IR IR P& A FR R Ao AR AL 0 IR R Re i S2 AR IR A 4 B 1 5, A AR AR K AR R AE SR
20~25 °C. FHIFEIK>1 500 mm(EBIHEE, 1999), X5 A T4 R KB

TR 1 SR TR 7 KR S IV B R AR X (25°—30° S) 3% 55 VB I T e A X R 3R A A
il (19°—29° N) AHALL, 3 15 BH 35 6] 3R 0 152 SR 53 A1 3 6] 5 i 7 1 P A 2% At K BOR B 6, P e 3
(X A T i b X 52 e 7 28 URT AR IE 2R RG2 ), Pk 78 2 VR K (PEZE B4, 2023), FE/KE & 5m+
P S E AN IR R AR R (EESE, 2024). S5 25 0T DU R X I B K A e s s i, 513t R R
HEAT PO, SRAFE R S R BRI, AT R 12 S 5 R E o
3.3 WNERIEIEE X I A

AT S A8 Bl 5 A S5 D] PP A R R SR ] () 20 A I RS B AR R AT VAL, B R R IR SRR
DX RN AN RIABE AL P AR $2 SR A , 41 Bl Hh X AL 35 (0= ML AN 5 B R R LA B B ER 7 SR SR AN -
B S TS TR M SRR 1 TR A7 A 2 ) R A A A L T S B A A AN T AR e PR 0, RE mE A
X B A TR E VGRS = 0. & . V)1 Es. ERTURGEE. Se/H . At iw .
V. Fi. WIS AT X . AT NEEXER ST amE. . TR B 878
LR M, H AR RN R EE X AR WA D, JRIRZ . PN EA R TR TR
K FEi L X AR K o AR AR SR I 50 R AR IR SRB e & A X A e AT T RRIE Pl g S e L IX . 7
AR NS WA G, HAT, YRR A B AR, O CRUE RN R A, IR
YR SRS AR R 9 2 RS 7K AR A 5o B R SR g sz e, ) b ) o e R IR SRR R X R, R AR
RPN P2l o TE A ROB BEIN fR3E AR X N AR BGE B R SRR EAT FIAE, AR 2 AR B A e A
AR, B I N L5 ks sei .

AT 5T A LB W B PG A0 AR IC 3, {H MaxEnt AR5 4y 5 B 2% RN W AR I AT S N AR D
I3 A T PR AR B L TR Z T R, X — XY JE TR A, T R B RS, ELEG D
FEERR IR S AT SRR E AR Sy, BA T #GE SRR (R B 655, 2022), DRI IR BR0&E B At A Kk
Ho 2017 FPUFER H 6 DX AR 7 e i 0 78 0 5] JE PN R 5, FE5EUR B M X R Th i, X Ul BT 7E 46
AT E S bR(ESCHEEE, 2018). (HPH BRI AN 2 B &5 N il th Xz B9, SRR, B TRk A
5], RGBS IREE, 1999), 155 225 PR i B4 & ] (R R i . W IR SR Rk
POXBE 7 35(RIREE, 2023), AV, WRMERESHXIGITRE, EEESHIE X, KR TR X
T 75 1 B 1 A Bl 1 B XK

4 7R

MaxEnt #5E 8 AR A7 #1381 B AE o [ 98 E 3 A (AUC=0.966) , F i tH 52 e B U SR A
BN A i R £ SR TR ENER, HummRA R 64.9%, HUCRFERBKEMERME, TRy
A 14.9%F0 11.5% PR S B AR K S6 AR AR 3 S0 20~25 °C, 3B 7K &= T 1500 mm, HARK
e P S5 A ) A ST ARV T X 4

PATAARIE ST, RS Y ar7e e B B e AR S E B A 91.0°—122.0° By 18.1°—31.6° N, &
A X AN 40.15 X 104 km?, 54 ELA A 4.18%.. SHUATAMRTE A, &SI S5 u i h



] PR 18 R A DX AR K 1 o, SSP5-8.5 M ot MR B AR (i A X AR ey, b (RGEZE X T
FE S AU 5 R AR T BT URAI AT, XU IR T HAb R R 5, SSP5-8.5 My %
N EEANE ERPIE R A, RS AR, 3 RO SR, RN R L 2 R o A AR
Ry UGS RN VHEE AR P VR IX . SRR R, o B R 2 SR A X737 Y R AR A [RT I S 3
AR AN OSBRI R, BRI 8 SR A 3 A X AR S TR A PR, L v 2 DX T A U AN U 484 0
RN ST IR I RGE A X0 ERS &7, (HIE A XL IR &AL+ At X

SE3H -

ADHIKARI RK, YILMAZ AG, MAINALI B, et al., 2024. Performance evaluation of CMIP6 models for
application to hydrological modelling studies — A case study of Australia. Science of the Total
Environment, 945: 174015.

Al JW, LIU GD, HUANG XX, et al., 2018. Analysis of current situation and development trend regarding
Macadamia nut industry [J]. The Food Industry, 39(11): 282-285. [, XITh4E, TR, %%, 2018. i
PR B2V R PR a3 1], & Tk, 39(11): 282-285.]

BEAUMONT LJ, HUGHES L, POULSEN M, 2005. Predicting species distributions: use of climatic parameters
in BIOCLIM and its impact on predictions of species’ current and future distributions[J]. Ecological
Modelling, 186(2): 251-270.

BELLARD C, BERTELSMEIER C, LEADLEY P, et al., 2012. Impacts of climate change on the future of
biodiversity[J]. Ecology Letters, 15(4): 365-377.

BOOTH TH, NIX HA, BUSBY JR, et al., 2014. BIOCLIM: the first species distribution modelling package, its
early applications and relevance to most current MaxEnt studies[J]. Diversity and distributions, 20(1): 1-9.

CHEN CH, LONGZHU DJ, LU XW, et al., 2023. Habitat suitability of Corydalis based on the optimized
MaxEnt model in China [J]. Acta Ecologica Sinica, 43(24): 10345-10362. [FfFE:, WEZA, B, 4,
2023. FE T4 MaxEnt F84 o (555 5 R A B S@ BT AU [)]. B4R, 43(24): 10345-10362.]

CHEN YG, LE XG, CHEN YH, et al., 2022. Identification of the potential distribution area of Cunninghamia
lanceolata in China under climate change based on the MaxEnt model[J]. Chinese Journal of Applied
Ecology, 33(5): 1207-1214. [MR &, SFHot, BRTHK, %5, 2022, 3T MaxEnt A TS A% AR 46 T A2
ARAEH [ PV E B 3 AR [J]. N AR, 33(5): 1207-1214.]

DU JK, QIU YQ, LI YL, et al., 2023. Evolution characteristics of the inter-annual and intra-annual precipitation
in China from 1956 to 2016 [J]. Advances in Water Science, 34(2): 182-196. [ftZE L, A, ==, %,
2023. 1956—2016 4 H [F 5 [ K 2 J HAR N 73 BOTRASRFAIELT]. KBt fie, 34(2):182-196.]

DU LQ, ZOU MH, ZENG H, et al., 2010. Analysis of the Nutritional Components of Macadamia integrifolia
Kernel [J]. Acta Nutrimenta Sinica, 32(1): 95-96. [FLTiiE, 458 %, 8%, 55, 2010, WPHIRRREIE IR
B AT [J]. B IR AR, 32(1): 95-96.]

Editorial Committee of Flora of China, Chinese Academy of Sciences, 1988. Flora Reipublicaec Popularis
Sinicae [M]. Beijing: Science Press, 24:28. [ EFR} 22 i [EEY) S 9 ZE 22, 1988, H EHEME[M].
Jeut: Bl 24: 28]

FENG Y, HE Y, 1999. Analysis of climatic adaptability for introduction of Australian nut in Guangxi [J]. Journal
of Guangxi Meteorology, 20(4): 43-45. [DJ§, 3, 1999. | Ft 5| Fh s i B 5 1 S5 3E RE 43 (3], T
PES 5, 20(4): 43-45.]

FICK SE, HIJMANS RJ, 2017. WorldClim 2: new 1 km spatial resolution climate surfaces for global land
areas[J]. International Journal of Climatology, 37(12): 4302-4315.

FU C, WEN X, SHI Z, et al., 2024. Potential distribution prediction of Ceracris kiangsu Tsai in China [J].
Scientific Reports, 14(1), 13375.



GUISAN A, WEISS S B, WEISS AD, 1999. GLM versus CCA spatial modeling of plant species distribution [J].
Plant Ecology, 143: 107-122.

GUO KQ, JIANG XL, XU GB, 2021.Potential suitable distribution area of Quercus lamellosa and the influence
of climate change[J]. Chinese Journal of Ecology, 40(8): 2563-2574. [FF 483, /N, #RNIFR, 2021, &
Fi i M AEIE A X R SRAR A FL A s [7]. AR5 5E2 &, 40(8): 2563-2574.]

HARRISON S, SPASOJEVIC MJ, LI D, 2020. Climate and plant community diversity in space and time[J].
Proceedings of the National Academy of Sciences, 117(9): 4464-4470.

HE XY, NIE YL, WU X, et al., 2022. Suggestions for high-quality development of Yunnan macadamia nut
industry [J]. South China Fruits, 51(4): 205-210. [Z{EE 55, FHHaN, REE, 55, 2022. = m MR 5= s
Joi B R SR L [D]. RS T SR, 51(4): 205-210.]

HE XY, TAO L, LIU J, et al., 2015. Overview and development trend of the world macadamia industry [J].
South China Fruits, 44(4): 151-155. [B{ER 55, FisT, M8, 4%, 2015, (SN R L BEDL J K et 35
[7]. HEEHRM, 44(4): 151-155.]

HOWLETT BG, NELSON WR, PATTEMORE DE, GEE M, 2015. Pollination of macadamia: Review and
opportunities for improving yields [J]. Scientia Horticulturae, 197: 411-419.

JIAO Y, ZOU MH, ZENG H, et al., 2008. Research Progress of Macadamia [J]. Journal of Anhui Agricultural
Sciences, 36(8): 3366-3368. [fE ==, ARWI %, WHE, <5, 2008. M IR U ()], = BURMLRHE,
36(8): 3366-3368.]

LI BY, PAN BT, HAN JF, 2008. Basic terrestrial geomorphological types in China and their circumscriptions [J].
Quaternary Sciences, 28(4): 535-543. [Z=JA7T, W PR, #HiE4E, 2008, H [ Fifi b A< Hh 35 28 Y f H &) 7
FERRIRIT[I]. BBV T, 28(4): 535-543.]

LI JY, CHEN YT, GUO YQ, et al., 2023. Potential suitable areas of Symphyotrichum subulatum based on
MaxEnt under future climate scenarios [J]. Plant Protection, 49(2): 92-102. [Z5 % 7=, FRaels, Fhaedy, 25
2023. FET MaxEnt FIN AR TG TR 25848 o B 7RG R X (1], Y IRTT, 49(2): 92-102.]

LI SY, MIAO LJ, JIANG ZH, et al., 2020. Projected drought conditions in Northwest China with CMIP6
models under combined SSPs and RCPs for 2015-2099 [J]. Advances in Climate Change Research, 11(3):
210-7.

LI'Y, ZHANG XW, FANG YM, 2014. Predicting the impact of global warming on the geographical distribution
pattern of Quercus variabilis in China [J]. Chinese Journal of Applied Ecology, 25(12): 3381-3389. [Z= ik,
TR DEHE, J7 2B, 2014, SR A ER N A [ A AR B B ) A A SR R e TR U (9], B AR ES 2R AR, 25(12):
3381-3389.]

LI ZG, RUAN FY, ZHANG XQ, 2024. Potential suitable habitats for Macadamia integrifolia under climate
change scenarios based on maximum entropy model [J]. Forest Inventory and Planning, 49(2): 191-197. [
BHt, Buoith, TKkAE4AR, 2024, B TR ORBASIAY (1) S5 AR A 1 57 T RN U SR A B AR BRI A (D], ARl
PRI, 49(2): 191-197.]

LIU JF, HUANG L, 2005. Nutritional value of macadamia nuts and its exploitation and utilization [J]. Food and
Nutrition in China(2): 25-26. [XI &4, BEH, 2005, WM IR HE FFME LI KA AE. P EES
B IE(2): 25-26.]

LIU PF, WANG L, DU QX, et al., 2020. Estimation of potential suitable distribution area and the ecological
characteristics of Eucommia ulmoides Oliv. in China [J]. Acta Ecologica Sinica, 40(16): 5674-5684. [ XI| 2%
W, EIE, KRR, 45,2020, KL FEIRIE RN AL E L XA T ROLAESRHE AT )] SR, 40(16):
5674-5684.]

LIU Y, HE N, ZENG X8, et al., 2023. Literature analysis and future development of macadamia research [J].
South China Fruits, 52(3): 247-249. [XI%k, {Tif, /NG, 5%, 2023, &I RATF FE (10 SR B S %



JetaB 1], hEFT T R/, 52(3): 247-249.]

LU JJ, WU JG, 2009. Advances in the effects of climate change on the distribution of plant species and
vegetation in China [J]. Environmental Science & Technology, 32(6): 85-95. [ B4, R HE, 2009. A fix
ARSI R ) S KA AT B MBI FURE R [T]. MR RL 540K, 32(6): 85-95.]

LU ZW, ZHU XR, YE XZ, et al., 2024. Impacts of climate change on the suitable habitats and spatial migration
of Tetraena mongolica [J]. Acta Ecologica Sinica, 44(3): 1164-1176. [ & 34§, A&Wean, H24HR, %5, 2024.
AT VU G AT AR X I 25 (AT 2 [J]. AR5 544K, 44(3): 1164-1176.]

MANTYKA-PRINGLE CS, MARTIN TG, et al., 2012. Interactions between climate and habitat loss effects on
biodiversity: a systematic review and meta-analysis[J]. Global Change Biology, 18(4): 1239-1252.

MICHAELIDES S, 2023. Modes of atmospheric energetics based on HadGEM3-GC3. 1-LL simulations in the
framework of CMIP6[J]. Advances in Meteorology, 2023(1): 3956086.

MILLER RG, 1974. The jackknife-a review[J]. Biometrika, 61(1): 1-15.

NIE YL, LI CP, WANG L, et al., 2023. Effects of planting scale and management level on macadamia nut yield
[J]. Journal of Southwest Forestry University(Natural Sciences) , 43(3): 161-168. [ #iFH, 2533, TWH,
S5, 2023, FhoRE RS B B KT 0 W R R B R (7], VU R AROL K S A R (B AR B, 43(3):
161-168.]

PERDONA MIJ, SORATTO RP, 2015. Higher yield and economic benefits are achieved in the macadamia crop
by irrigation and intercropping with coffee [J]. Scientia Horticulturae, 185: 59-67.

PHILLIPS SJ, ANDERSON RP, SCHAPIRE RE, 2006. Maximum entropy modeling of species geographic
distributions [J]. Ecological Modelling, 190(3-4): 231-59.

RAMIREZ-CABRAL NYZ, KUMAR L, SHABANI F, 2017. Global alterations in areas of suitability for maize
production from climate change and using a mechanistic species distribution model (CLIMEX)[J]. Scientific
Reports, 7(1): 5910.

SHCHEGLOVITOVA M, ANDERSON RP, 2013. Estimating optimal complexity for ecological niche models:
A jackknife approach for species with small sample sizes[J]. Ecological Modelling, 269: 9-17.

SHI XQ, SHEN JX, HE CL, et al., 2025. Analysis of habitat suitability and conservation gap of the Yunnan
snub-nosed Monkey based on MaxEnt model [J]. Chinese Journal of Wildlife, 46(1): 14-23. [f1/M&, L%
e, RIEF =2, 55,2025, T MaxEnt A58 (175 4 223 A2 5538 B S ORI 2 6o M [J]. 37 2E Zh i 24k,
46(1): 14-23.]

SOMWONGIN 8§, SIRILUN S, CHANTAWANNAKUL P, ANUCHAPREEDA S, YAWOOTTI A, CHAIYANA
W, 2023. Ultrasound-assisted green extraction methods: An approach for cosmeceutical compounds
isolation from Macadamia integrifolia pericarp [J]. Ultrasonics Sonochemistry, 92: 106266.

STOCKMAN AK, BEAMER DA, BOND JE, 2006. An evaluation of a GARP model as an approach to
predicting the spatial distribution of non-vagile invertebrate species[J]. Diversity and Distributions, 12(1):
81-89.

SWETS JA, 1988. Measuring the accuracy of diagnostic systems[J]. Science, 240(4857): 1285-1293.

TANG T, WEN SJ, CHAI JQ, et al., 2024. Research progress on regularity of nutrient activation and phosphorus
nutrition in macadamia rhizosphere soil [J]. South China Fruits, 53(6): 276-281. [ F ¥4, CHE4E, S8,
55,2024, W SRR IR G B BERE SRR T FURE SR (D). R T R, 53(6): 276-281.]

TAYLOR S, KUMAR L, 2013. Potential distribution of an invasive species under climate change scenarios
using CLIMEX and soil drainage: A case study of Lantana camara L. in Queensland, Australia [J]. Journal
of Environmental Management, 114: 414-422.

WANG CH, WEN YB, REN WZ, 2023. Classification of suitable planting areas for Macadamia ternifolia in
Yunnan based on GIS [J]. Forest Inventory and Planning, 48(3): 46-49. [ E 31, M, 517, 2023.



FET GIS BRI IRAE 75 i B M X R 73 T 7E 0], Mol i ALk, 48(3): 46-49.]

WANG JJ, PEI TF, 2004. Effects of climate change on forest succession [J]. Chinese Journal of Applied Ecology,
15(10): 1722-1730. [ 242 %, FEERER, 2004. {5 22 0] R bR B (OS2 ma (7], B A48 24k, 15(10):
1722-1730.]

WANG W, TIAN RR, NA LY, et al., 2017. Predicting potential geographic suitable regions of Macadamia
integrifolia based on MaxEnt [J]. Forest Research, 30(3): 444-449. [ A5, HZ%, MILWF, %%, 2017, K&
T MaxEnt 2E 7 50CHE R 2 U 2R ()98 A BEOE AR X [J]. MR BHEETE, 30(3): 444-449.]

WANG WH, 2018. Climate adaptation analysis of introduced tropical fruit trees in southeast Tibet [J]. China
Tropical Agriculture(1): 6-8,5. [ 304, 2018. J8 R g 5| FhFv iy SR A 3 B2 4 BT [J]. Hh B s Rl
(1): 6-8,5.]

WANG WL, ZHANG T, TANG XH, et al., 2022. Overview and development model exploration of Macadamia
industry in China [J]. Journal of Agricultural Research and Application, 35(4): 44-50. [ E3CHK, K, #F5
4, A, 2022, v EBGN RPNV S K R B AIR R[], AR TS N H, 35(4): 44-50.]

WANG Y, WANG JH, WANG FD, et al., 2023. Simulation of suitable distribution areas of Picea koraiensis in
China since the last interglacial and under future climate scenarios [J]. Scientia Silvae Sinicae, 59(12): 1-12.
[E, EZERE, EARME, 55, 2023, RIKEDKBILLR SR RSMENE 5T 40K = A28 A 70 A XIL].
Mok B2, 59(12): 1-12.]

WANG YS, WANG ZH, XING HF, et al., 2019. Prediction of potential suitable distribution of Davidia
involucrata Baill in China based on MaxEnt [J]. Chinese Journal of Ecology, 38(4): 1230-1237. [ £ 4=,
FEAME, PR, 55,2019, T MaxEnt #5078 (1 B AR 5 b 598 72 & A4 X )], B R, 38(4):
1230-1237.]

WILLIAMS CJR, SELLAR AA, REN X, et al, 2021. Simulation of the mid-Pliocene Warm Period using
HadGEM3: experimental design and results from model-model and model-data comparison[J]. Climate of
the Past, 17(5): 2139-2163.

YANG JY, DING GY, TIAN XJ, 2025. Research progress on the application of the MaxEnt model in species
habitat prediction [J]. Chinese Journal of Applied Ecology, 36(2): 614-624. [# 4, T EH £, HFEH,
2025 B KM RLAE A A= 58 F00I o (0 S PRI FERERE (7], ML AR 52 4K, 36(2): 614-624.]

YANG SY, AN MT, LIU F, et al., 2023. Prediction of potential suitable area of Phoebe zhennanin Guizhou
Province based on MaxEnt model [J]. Guihaia, 43(5): 846-857. [M & ==, ZHHZS, X, 25,2023, 2T
MaxEnt B8 (1 55 JH A4 AT E & A X TIIT]. | VA AEAY), 43(5): 846-857.]

YING BK, TIAN K, GUO HY, et al., 2024. Predicting potential suitable habitats of Kandelia obovate in China
under future climatic scenarios based on MaxEnt model [J]. Acta Ecologica Sinica, 44(1): 224-234. [N HH,
FHRE, FRusTe, 25, 2024, 3T MaxEnt £ 7) F000 A SR S A5 AR A0 175 35 T 208 #K it (Kandelia obovata)7E
VB E 3 A X AR AR [T]. AR S 223, 44(1): 224-234.]

ZENEBE G, ZENEBE A, BIRHANE E, et al., 2024. Revealing suitable habitats for Juniperus procera and Olea
europaea tree species in the remnant dry Afromontane forests of Ethiopia: Insights from ensemble species
distribution modeling approach [J]. Ecology and Evolution, 14(10): €70343.

ZENG WY, WANG DZ, YE C, et al., 2025. Prediction of potential distribution of Cupressus gigantea W. C.
Cheng & L. K. Fu in China based on optimized MaxEnt modeling [J]. Plant Science Journal, 43(1): 52-62.
[EE0E, AR, mhER, 45,2025, BT k) MaxEnt A58 6F 4 [ AL 7E 0 A (1 T[], A A%}
47, 43(1): 52-62.]

ZHANG FH, YANG Q, SONG XM, et al., 2024. Progress in physiology and technology of Macadamia
integrifolia cultivation in the last 5 years [J]. China Fruit News, 41(12): 83-86, 89. [iK X 1€, M1k, KEM,
55,2024, 3 5 RN R BB B S BORFTFURERE)]. I RMLAE S, 41(12): 83-86, 89.]



ZHANG Y, TANG J, REN G, et al., 2021. Global potential distribution prediction of Xanthium italicum based
on MaxEnt model[J]. Scientific Reports, 11(1): 16545.

ZHANG YB, LIU YL, QIN H, et al., 2019. Prediction on spatial migration of suitable distribution of Elaeagnus
mollis under climate change conditions in Shanxi Province, China [J]. Chinese Journal of Applied Ecology,
30(2): 496-502. [TKBEE, XUE R, Z&iE, 55, 2019. AU AAE T L 76 3 S RIS B 2 A X1 25 (B) 3T
M), AR, 30(2): 496-502.]

ZHAO Y, DENG XW, XIANG WH, et al., 2021. Predicting potential suitable habitats of Chinese fir under
current and future climatic scenarios based on MaxEnt model [J]. Ecological Informatics, 64(15): 101393.
ZHAO Z, XIAO N, SHEN M, et al., 2022. Comparison between optimized MaxEnt and random forest modeling
in predicting potential distribution: A case study with Quasipaa boulengeri in China[J]. Science of the Total

Environment, 842: 156867.

ZHENG XY, WANG QZ, TIAN YQ, et al., 2024. Prediction of potential suitable of tea shot-hole borer
Euwallacea fornicatus in China based on MaxEnt model [J]. Journal of Plant Protection, 51(6): 1518-1530.
AR, 8k, HIEW, 5, 2024, % MaxEnt AR TN U5 i/ & AE b [E RV e A X [J]. )
TR 2E4R, 51(6): 1518-1530.]

ZHU GP, LIU GQ, BU WJ, 2013. Ecological niche modeling and its applications in biodiversity conservation
[J]. Biodiversity Science, 21(1): 90-98. [ZRBk-F-, XIE M, ~3CR, 55, 2013, A&7 ) LA J5 B K
HAEEMZ AR GRI TR R HI[I]. B2 AE1E, 21(1): 90-98.]

ZHU GP, QIAO HJ, 2016. Effect of the MaxEnt model’s complexity on the prediction of species potential
distributions [J]. Biodiversity Science, 24(10): 1189-1196. [&REkF-, 7+ Ei4#, 2016. Maxent 15 7 & Z% fF %}
YR PBAE 23 A DX T 52 [ 7). AR 2 A6, 24(10): 1189-1196.]



	1 材料与方法
	1.1 澳洲坚果分布数据收集
	1.2 环境变量
	1.2 环境变量处理与选取
	1.3 MaxEnt模型预测
	1.4 适生等级划分
	1.5 质心分析

	2 结果与分析
	2.1 MaxEnt模型精度检验
	2.2 环境变量筛选结果
	2.3澳洲坚果当前在中国的潜在适生区预测
	2.4 未来不同气候情景下中国澳洲坚果适生区预测
	2.5 澳洲坚果适生区范围变化
	2.6 气候情景下澳洲坚果适生区质心分布的变化

	3讨论
	3.1 MaxEnt模型预测结果的可靠性
	3.2 影响澳洲坚果分布的主导因子
	3.3 澳洲坚果潜在适生区的分布
	参考文献：


