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Abstract: Fortunella is one group of the citrus fruit trees in southern China, a kind of edible hesperidium with rich flavonoids,
carotenoids, limonoids, coumarins, and the fruit of these evergreen trees also have ornamental value. In recent years, areas of growth
of commercial species of Fortunella have been decreasing due to a low net interest of planting single species. Meanwhile, natural re-
sources have also withered due to the Huanglong disease caused by gram-negative bacteria. National collection of germplasm re-
sources of Fortunella has been completed in parts of China, including Hunan, Fujian, Guangxi, etc.; however, this work did not take
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the effects of climatic factors on their distribution into consideration, which could provide a scientific basis for protection and collec-
tion of natural resources of Fortunella species. In this study, we predicted suitable climatic areas for six species (F. hindsii Swingle,
F. margarita Swingle, F. japonica Swingle, F. polyandra Tanaka, F. crassifolia Swingle, and F. obovata Tanaka) of Fortunella
using the MaxEnt (the maximum entropy, MaxEnt 3.3.3) model and the ArcGIS (the geographic information, ArcGIS 10.3) system to
analyze actual geographical distribution data and 18 climate factors affecting their distribution. The dominant climate factors were
screened through Jackknife test. Results showed that the suitable climatic region for the six species analyzed were distributed mainly
in the southern areas of Dabie—Daba Mountain. The suitable region for the six species covered 354 000 km’ (F. hindsii Swingle),
276 100 km’ (F. margarita Swingle), 495 800 km® (F. japonica Swingle), 613 600 km’ (F. polyandra Tanaka), 474 400 km® (F.
crassifolia Swingle), and 663 403 km’ (F. obovata Tanaka). The optimum climate region for F. polyandra Tanaka mainly extended to
Chongqing, Guangxi, Guangdong, Hainan, and south of Yunnan, while that for the other five species was predominantly distributed in
Hunan, Jiangxi, Guangxi, Fujian, Zhejiang, and Guangdong; some favorable region for F. obovata Tanaka even extended to
Chongqing. The main climatic factors affecting the growth of Fortunella include minimum temperature, precipitation, and isotherma-
lity. The major climatic factors affecting F. hindsii Swingle distribution included isothermality and precipitation in April and June,
while for F. margarita Swingle such climatic factors comprised precipitation in April and June, minimum temperature in February
and July, and isothermality and precipitation in the driest month. Similarly, geographical distribution of F. japonica Swingle was in-
fluenced by precipitation in April and June, minimum temperature in July, isothermality and precipitation in the driest month, and
precipitation in the warmest quarter. Likewise, the major climatic factors affecting natural distribution of F. polyandra Tanaka com-
prised precipitation in July and in December, minimum temperature in February and June, isothermality, and mean precipitation in the
warmest quarter. Similar analytical results demonstrated that the dominant climatic factors affecting the distribution of both F. crassi-
folia Swingle and F. obovata Tanaka were in terms of precipitation in June, and isothermality and mean precipitation of the warmest
quarter. The area under the curve (AUC) value of the MaxEnt model for all six species exceeded 0.9 and their actual distribution areas
were also integrated, which indicated that the predicted distribution range of this study was highly accurate. Consequently, these re-
sults are expected to provide scientific guidance for regional investigation and protection of wild species of Fortunella and promotion
of its varieties.
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Table 1 Environment factors used to predict the potential distribution area of Fortunella
1L Code f#fiik Description {1 Code ik Description

Bio2 B iR 22 H ¥I{H Monthly mean of diurnal temperature range Tmax4 4 H e =R Maximum temperature of April

Bio3 2R Isothermality Prec4 4 H F% it Precipitation of April

Bio5 A 0y B = T Max temperature of the warmest month Tmin6 6 H /N Minimum temperature of June

Bio8 IR 2R 7R F Mean temperature of the wettest quarter Tmax6 6 H fix i Maximum temperature of June
Biol4 I H B B Precipitation of the driest month Prec6 6 H [ i 12 Precipitation of June
Biol5 [ /K A 57 %0 Variation coefficient of precipitation Tmin7 7 A /MR E Minimum temperature of July
Biol8 MR ZJZ /K iR Precipitation of warmest quarter Prec? 7H FEWI i Precipitation of July
Biol9 iR ZE - K Precipitation of the coldest quarter Precl0 107 FEmi = Precipitation of October
Tmin2 2 Fe Il Minimum temperature of February Precl2 12 A [ Precipitation of December

http://www.ecoagri.ac.cn


http://www.worldclim.org/
http://www.worldclim.org/
http://www.ecoagri.ac.cn

51139 BB T G A U X Y B 1841

Ent A5 75 T (14 4 R 25 P 2 A 45 B 0k 47 U0 RG B
MR, AUCE 35 Bl [0, 1], AR A AUC (AR
AN T B TIN5, AUC {1 i K 3 1 50 78 1 DRy g 6k v
. AUC I 73 2 4 A FR s 322 0.5, 0.6), — ik
[0.6,0.7), # #EHE [0.7,0.8), #EHH [0.8,0.9), % 1
[0.9, 177,

TE MaxEnt T 55 750 4% B3 vb 5 5o 7] V)9 (Jack-
nife) 78 B B EE 7 X 4 b A KA BTk CR, AR 4
TR R 18 RN H W R DR 4 R D 40 A B E
HE— 2543 B S A IR T X6 A TR 6 /S 110 33 ‘4 o 7
2k, Loy iR P>0.5 Moy A2k, i e 18 A%
T S50 L

2 HRESH
21 LWEHAERENSREEXRESSEEFS

MaxEnt % 111 4 A 38 B X 0 45 5 1) AUC 1B R
0.987, R B TN 25 B % 4f o i #0I &] 1a AT 0L, A
HE) X 2R 2 100K, LU 4 AH 9 J5 38 B 4 A7 XK i) b
I X, AR IX | Wimd L Hb e X & —
WA R W X BAE X, ST,
S AR TR I A s AR 2 A X T AR 504 700 km?, Herp
TR DX 1 ARG 354 000 k', o R ) A i AR
1 3.69%, H A TP (Bl 5 X AR Y 31.16%) . i
B (24.94%). & A (24.29%). )% (12.88%). )74
(6.05%) & id A X A K 5 414

MFZ 2 AT LI ), 520 L 4 A AR K 1 S S
TH 4 ABWE ., 6 JREMNE . FFEE, L3R
i R F BT 5Tk R 55 91.5%. e AEKKESS
o IR F A9 36 ECYS LM - 4 H B TR A 145~225 mm, 6 H
R TR i 200~250 mm, S5 P F (B R 28.5~35.0,
22 TEREARENSBEEERRESSERFEH

FEXT B T AR 45 3 B TOOINORS BEE h, AUC
4 0.990, % B MaxEnt #5551 X B 1% 76 3 [H A9 V78 5
A AR R . TP b AT UL, B AR R A T AR
T A DXORT f 3 A DX AR a3 ) o 3R A AR
6.56% £l 2.88%, 43 935 906 500 km® F1 276 100 km’,
il B X EEAE PRI X | S — AR
B M IX . B b X, Hod W g (85 800 km?),
Y7 (85500km?) . & (39000km?) . WiIT. (32400km’)
ECR S SUMENTIY AL N

MFR 2 AT LA, 50 5 0 0 A o A 1) R B
WYH4AmE. 6 AMmE. 2 ARMEE. 7

F AR . SRR T BER A, LA 6 AR
R F BT STk R A 82.1%. PP ERAMEHN T2
BN Ky 4 A FE A 145~225 mm. 6 H [ &
200~300 mm. 2 J AR 5~10 C. 7 ] SRk B
23~26 °C. 2R TE A 28.5~35.0. T H 7y B R &
26.5~49.0 mm.

23 TYEZEMNSEEERRESSERFSH

MaxEnt Xf & 40386 A= X 100 25 S5 s 1% o o,
AUC {4 0.973. WRIEE 1c, B SEFR FE ARG A
T AR 962 000 km’, i ‘L IX 1 L ik 495 800 km’, it
R X AR 5.16%, % ar il A X AR
W) G L e X, 7R Ll A X B R AR e
b DX, FER VY (5 Bl B X AR L 15.17%) . 1
B (24.75%). & (15.17%). Wil (10.41%). J 74
(7.85%) . T % (6.49%) FIIAL (4.20%) J& Heid A IX T
K IN T A0 -

MR 2 AT LA, S0 % SR K A N 32 2
4 AMEW R, 6 AMWE. 7 A RMURE . SRE.
BT R R A M R - B R A, DA 6 A
B AR 7 BT Tk 3Rk 87.4%, FLGEAAEK
M E AN TS BGUE: 4 A KW E 132~
150 mm, 6 A [ & 133~166 mm, 7 A & (% & ¥
23~26 °C, & U AH 25~35, Fe T H 4y B wR 2 37.5~
50.0 mm, fz I 22 V-4 B R 5 403~750 mm.
24 KHEHERENSREEXRESSERTF

it 4 A 38 B 43 A X B Maxent #5278 ) AUC
{ELA 0.996, Ut B 00 45 SR 8 fEaf . T Al 1d 148
TH45 R s, i 4 b AR TR T IS AR X R AR 1
A X T AR ) 7 TR R 16.56% A 6.39%,
43512k 3 002 400 km® F1 613 600 km’, I 4x M 1) 5
B X EEAE RS PU R WM X B X
FIUAZR B M X . DU )1 Za 0 3l X A 1L s Y
X, ESEET X | ZEKTE X JEERTE X | JE
IRE A ALK P X AR HLIX | (H
MK . BVEWHIX, HA TG (170 400 km®), T~
75 (114 000 km®) F1 2 B (102 800 km®) 3 >4 1)y Fe ik
B AR 100 000 km'’,

MR 2 AT LA i, 52 G o3 A 1Y) 32 A A
HWrA7HMKEWE., 12 AW, 2 A RIUERE .
6 F el B RN A W 2= B P I e &, A B S AN
SR F B stk R R 76.0%. K4l &4 K
MESRBERNFZSEEE Y 7AW E 150~

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

1842 Hp AR ARl 2E 3R (HR IR SC) 2021 20 %

500 mm. 12 H F& I & 32~100 mm. 2 A & % 5 km’, Fd A K X AR R 474 400 km?, H PR EX
3.2~17.5 C. 6 A KR JE 23.2~30.0 °C. flg = R 5 3R E R 4.94% 4 R R B A A X

S 2R FR H 500~2000 mm., A7 FEAE L Y X A DX L L
25 SHREFRENSBEEEXRESESEZEETEH X . B —IMAE CE VX . T v X ., &
EHE VBT Hb X . 4x 3 A XS T A 2 XU e, T

MaxEnt %f 4 #i 3 Af X 3 I 45 5 ) AUC 1 R PO (3 B IXCRUT AR 26.20%) . RS (19.52%) . &
0.918, FRHH M &5 K vl 5 o ARIEIEL 1e WM 490 i A (14.82%). )7V (11.76%) 2 5 i A= X 1 AR A K A
B G ] A, 4 e R A T A S AR T AR A 955 200 4B

__IRi&’HIX Unsuitable area B8 {[£& X Low suitable area I %0 F[X Suitable area W %1 B [X. Optimum area

N s
a /. b L I3
JrJh f\ff/m\‘“\_vﬂ /\h__(-.ﬂ‘\\ J.r'—’; ; .‘"“‘\\'_A-/F
i3 \\ — jJ g rj - {VF;- x i"
“—“\u,j ﬁfj f_ M T

T 7 o Beijing

e

Beijing

1 e

{‘\. e 4 = T
g./ [) o Beljll}g_ i
EJ I i /
\*'\
'
\L‘"-.
€
s
I_/—'\-. wars
4
{‘»..
e
o
7
\_\\
=,
L
N |
4 Ty
34
4
oy
S
0 300 km

E1 £#HBEYLEH (2. T b)) TY (o). KT EH (1), €3¢ (o) MKFEM () ERENEEEESHEE
Fig. 1 Prediction results of suitable distribution areas of six species of Fortunella in China based on MaxEnt model (a: F. hindsii
Swingle; b: F. margarita Swingle; c: F. japonica Swingle; d: F. polyandra Tanaka; e: F. crassifolia Swingle; f: F. obovata
Tanaka)
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Table 2 Relative contributions of the main Climatic variables to suitable distribution of six Fortunella species

44 Species FREE R ¥ Climatic factor

FHXT TR Contribution rate (%) S EGE F Climatic factor range

114 M F. hindsii Swingle 6 [ i Precipitation of June 425 200~250 mm
4 ] R# R & Precipitation of April 30.8 145~225 mm
AR Tsothermality 18.2 28.5~35.0
BF F. margarita Swingle 6 [ i Precipitation of June 459 200~300 mm
4R Isothermality 12.9 28.5~35.0
#e T H B i Precipitation of driest month 6.4 26.5~49.0 mm
2 [ Fe iR Minimum temperature of February 6.1 5~10 C
4 P& Precipitation of April 6.1 145~225 mm
7H HAKIRE Minimum temperature of July 4.7 23~26 C
WL F. japonica Swingle 6 B 2 Precipitation of June 41.6 133~166 mm
ZRPE Tsothermality 13.5 25~35
7H AR Minimum temperature of July 8.9 23~26 C
#ix T H [ & Precipitation of driest month 8.6 37.5~50.0 mm
Tl 25 S5 W & Precipitation of warmest quarter 8.0 403~750 mm
4 F [# R Precipitation of April 6.8 132~150 mm
K&t F. polyandra Tanaka fcH% 7% [ 7- B[4 i ik Precipitation of warmest quarter 23.7 500~2000 mm
6 7 KR Minimum temperature of June 17.5 23.2~30.0 °C
2 A H /iR Minimum temperature of February 16.7 3.2~175C
121 [ Wi it Precipitation of December 9.6 32~100 mm
7 BT i Precipitation of July 8.5 150~500 mm
49 F. crassifolia Swingle 6 B 12 Precipitation of June 43.6 150~350 mm
ZFRPE Tsothermality 18.9 15~35
4 ] R# TR i Precipitation of April 143 150~275 mm
T 25 - Y f N & Precipitation of warmest quarter 9.2 333~666 mm
7H AR E Minimum temperature of July 6.0 24~26 C
K H &AM F. obovata Tanaka IR 22 -4 R ik Precipitation of warmest quarter 2.4 457~832 mm
61 B Precipitation of June 18.9 166~400 mm
23R Tsothermality 12.9 25~35
7H A% Minimum temperature of July 12.3 23.2~25.0 °C
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