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Abstract: To explain the geographical displacement law and the dominant climate variables between humid evergreen
broadleaved forests ( HEBF) and semi-humid evergreen broadleaved forests (SHEBF ), Cyclobalanopsis glauca and
C. glaucoides were selected as research objects because the both species are the typical dominant tree species of the
HEBF and SHEBF, then the specimens data of the both species and the 19 bio-climate variables map layer were
collected to simulate their distribution area using MaxEnt model. Moreover, the niche differences were quantitatively
analyzed by the kernel density analysis, discriminant function analysis ( DFA) and analysis of variance (ANOVA) to
reveal the dominant climate variables which affect the niche differentiation between the both species, then the
geographical displacement law and the dominant climate variables between the HEBF and SHEBF were analyzed. The
results were as follows: (1) The AUC values of C. glauca and C. glaucoides were 0.995 and 0.986 respectively, which
accurately predicted the potential distribution of the both species; C. glauca was suitable for the subtropical and north-
tropical regions of 20°to 30° N, but C. glaucoides was mainly distributed in subtropical area of Yunnan-Guizhou
Plateau. (2)The results of DFA and ANOVA were consistent, and the mean diurnal range (bio2) , isothermality (bio3)
and the precipitation seasonality (biol5) were the climate variables that promoted the niche differentiation of the two
species. (3) Kernel density analysis showed the mean diurnal range (bio2), isothermality (bio3) and temperature
seasonality (bio4) were the dominant temperature variables affecting the niche differentiation of the both species; and
the precipitation seasonality ( biol5), annual precipitation ( biol2), precipitation of the driest month ( biol4),
precipitation of the driest quarter (biol7) and precipitation of the coldest quarter (biol9) also significantly affected the
niche differentiation of the both species. All the above results indicate that isothermality, the seasonal differences of
temperature and precipitation are the main variables determining geographical displacement distribution of the HEBF and
SHEBF from the niche simulation of C. glauca and C. glaucoides.

Key words: Cyclobalanopsis glauca, C. glaucoides, humid evergreen broadleaved forest, semi-humid evergreen

broadleaved forest, niche model, displacement distribution
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A9 B AR 40 A1 5 B K R e AR b
fiE( EARIE, 2004 ; 2= 55, 2006 5 XM # 55,2013 ;
TR ,2015;252% ,2019) , 1 Al i BF R A B 42 11
JRA H g & 2%, A0 45 b B BH B st 15 Ak S L
N b 5b 5 22 7 TR PR 26 (2 Ha R T RS, 2001 5 22 4%,
2019) , Horb A A 2 T AR A KA 9k 288 B0 43 A 1) 3
B, JF 5 H A BK Bl PR R A AR FH 5 e 2R AR Y
DIRe AN Sl 25 i DT B Ry AR R AR 20 A T2 Wiy
+ &7 Bl + Z — ( Boisvert-Marshet et al., 2014;
Griinig et al., 2017 ; KR4 6 F1E 1 35 20205 Zou et
al., 2020) , B M AE B 0 A 55 A0 0 6 R IT 48 7 H
s A AIL A X T TR A 53 B R B o3 A B AT Bk T g
AR N AR AR R A B R S R X
(Fang et al.,2002 ; Buitenwerf & Higgins,2016) ,

AR SR I AR S AR MRAE S R G b
B oy R E R R GV SRRE A
FEATEMRIEN (T X2 MRIKE,2004;
Wang et al., 2007) , Hr [ /E Jhy i & i it bR o3 A1
RTZ W E S, T ZR 0 - UET R LA, 77 08K J DA
KR, nr A R R LN B TR X R A A
A (S AE 45, 1980; Dunmei et al., 2012; Zhu,

2017 ), Horb AR FRE T8 o ] P A AR G S e W v
253 [ bR S 0 R A b A P A B R H AR A
A0 0 A0 A R AR (SR AR S, 1980 5 5% AiF i A1
IR, 198725 B 481997 KK B 452005 ; ¥4 4t
R,2018) , AAB RS 1) o B2 78 A 2 3 FRUAR B 1Y)
BAIC M 2 5 (Ge & Xie, 2017; Elsen et al.,
2018) ,Fang & Yoda (1991) #8/~ T F [5 H &% g 1
oA B R 5 A T YOG & A g R R K B
(1997 ) 3 2k X 14 3 B934 55 0 fe PR 1 56 R 745
H 2% A RO S A8 A 1) R I A 43 B R TR
BN, HTEVS 45 B o W R A4 R S A AR b Y 4 B
ANHE Uk B H X 4 A FEFR 69 52 i ( Chiu et al.,
2014) 1 B e fie i) 2271 A8 A EE 2 H R AR AR 1Y
S AR AR U)X A B A A 8 S B B R
(Ernakovich et al., 2014; Chan et al., 2016; Allen et
al., 2017;Ge et al., 2019), HULAT W #FHATE &
Xof SV AR gk o] P b ) A AR 0 A IR DL S
bR — B A 5 MR B O R AT TR IR
S 1) [ 3R, AH X A S 7R ) R A o A 1 2 e AR
e S AR A 52 ma ML), I G 2 A I L AR
3 A B 27 1 AR AR A5 i ) B 9 A A i
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W 3 A A PR EC T LAV A 0 R A 4 ol
FA)3E B A BV I, A B AT AR, 38 1T 48 7R A 8 43
A7 B B MR S AGEAR 8, BT AR )2 I T AR S R
P71 A 2 RN A g Ml P 2 S 45U ( Elith & Leathwick,
2009) . HAET, B R A (MaxEnt) 5 Tt {4 H
PPN ZH & #E R (GARP) | CLIMEX B &I A= 78
A7 RT3 BB AL ( ENFA ) DL K A 875 A5 43 A 38
I 2 GeAs A ( BIOCLIM ) J2 f5c 5 FH 0 1o Fh ) Fh 43 A
FEA S Hop ) MaxEnt #5589 0] DL o 99 Fh 69 © 545
A1 BRI AG AR 1 N7 ) b B 43 A 5 A 2 )
f93¢ 2 (Phillips et al., 2008) , H.AE1E KR 25 4]
ARICE Z (R AE L, ST R G A TH 1Y ) R
IR CRBUE N EENIRERGE (R K
45 ,2018) , & HATYIFR o3 A BADL bl T B A U
B BERF R AR T (Phillips et al., 2006 ; 8 [ 45 55 |
2010)

FEF RSP G Az A AL K 25 5350 BT, 8
1 LA A 25 5 AR R 24 TR 2R 0 U A e R
PR AR B 52 W B X B B e R P R N S
I o R I AR B S 7R P AR A A R A L
BIHNUS ISR SC, ST I, AR B 5Tk B i A
2 W ] 4o o] it A o B A R 1 O A o 7 IX)

( Cyclobalanopsis glauca) FIE F X ( C. glaucoides)
BIESE X B, W BEAR AR T3 A 5 B, A TR AR
35 ] MaxEnt A58 AP0 P 5 19 385 A= X3S
[l 43 BT 3 JSC 9 AR A A 25067 43 Ak 1 UM R 3R 3
[DEZSRIAERSE St N 82 3l N U= A R (]
FH SRR E G FR , $8 78 HoE 0 A i
FRHER, AT A P ARAT S I AR 0 A5 52 W)
B AT 5 38 A E A B A A

1 #R5 7%

1.1 A S HiiE

W £ v 1 K07 A 0 b A SdiE 2 (CVH hiep 2 //
www.cvh.org.cn) 17 XI5 TT XA BR A S B, i BR
REACR AR A SE A T B A2 A RE S5 SR BBORS W R AR
TCSR MR AR ER B AR AR | A1 D ) b A B A5 UL 14 SR il
Bodl ., LRI APy R 603 D FRAS S, Hoh A S
432 75 MIARA A 171 MEF AR G (B 1:D)
1.2 SIRTEHRE

i 17 Worldclim ( http ; //www.worldclim.org/) T
AR 19 MAEY TUEEZ (1), Bl =5 6] 7 B
# A 30" ( Hijmans et al., 2005) ,

X1 9NMEYERETE

19 bio-climate variables

Table 1
fa 5 SRR
Abbreviation Climate variable

biol AEPR

Annual mean temperature
bio2 B EZE A ME

Mean diurnal range
bio3 Sl

Isothermality
biod R E AR B R AL

Temperature seasonality
bio5 P H Fe R

Max temperature of the warmest month

bio6 Bty A R

Min temperature of the coldest month
bio7 R AL

Range of annual temperature
bio8 I 23 R

Mean temperature of the wettest quarter
bio9 TR

Mean temperature of the driest quarter
biol0 BB Z

Mean temperature of the warmest quarter

] 5 SRR R
Abbreviation Climate variable

biol 1 S e S

Mean temperature of the coldest quarter
biol2 SRR

Annual precipitation
biol3 i K

Precipitation of the wettest month
biol4 T H K

Precipitation of the driest month
biol5 Ree K e 25 PR AL (7 S R )

Precipitation seasonality
( variable coefficient)
biol6 Il ZERE K
Precipitation of the wettest quarter

biol7 kT REBKE

Precipitation of the driest quarter
biol8 L E ST

Precipitation of the warmest quarter
biol9 B K

Precipitation of the coldest quarter
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1.3 &M

FI D Fp A3 A BERL LY R AR AR SR 19 SR
o AE i R Kl LA X ST R X GE AR B
FE MaxEnt 3.3.1 H i F BRI 15 B R PFAl Y (9 4
Pk (Phillips et al., 2008) , % & 75% B4 Fh 43 A
SE NN SR 45, R4y 25% 1 0 38 1K 56 1 4
a4 iz 4T 10 WK & #1738 B 50 UIE ( Pearson et
al., 2007) ., MaxEnt #% %1 $2 fit 7] 1] 3% ( Jackknife )
h?’\—dﬁﬁraxﬂimﬁﬁﬂﬁ THR 2 (Miguel et al.,
2010) ,ﬁJ#*E?i«n%ﬁﬁﬁﬁ%%}ﬁ%Eﬁiﬁi%ﬁL
BRSO ATELL TE AreGIS 10.5 ] 4r 25 1 g it
FPIE A S 2 3 0 o 5 AN E G dEE AR X
0.00~0.02 , fKiE A [X 0.02~0.25, FiE A X 0.25~
0.50, EiE 41X 0.50~0.75, i A2 X >0.75
1.4 ETMERSWT

ARG R =R Ge T I ik oA i X 5 T X
A 255, |, M SPSS 22 B4 5 4
BT (DFA) DA A% A A% 8 X 4 b 43 A 19 53k
WK, 38 H SPSS 22 1, 5 223081 (ANOVA) &
T IR PRI AE 25 A ) S5 R 1 b B R ) 2
S5, 5T Eviews 10 3, %ﬁﬁﬁ%‘ﬁ?/%ﬁ
(kernel density analysis ) £ A< £ 95 17 #1 &
FIHE AR A R 0 A 5 % B PR L, 8 ﬁzﬁ;xfﬁﬂzﬂz

R2 ENEEEN19INSETEH

T 19 AU 1 A4 A 2507 72 AL i JEE
PIPIRIE RS R AL PR 22 57

2 R 59

2.1 S HER W

T AR A AL AEALL S P 24 AR A A
AUCHY T 0.9, Horh 3/ I BL4LLAY AUC {H
0.995 , JEF XL AUC {4 0.986 , ¢ B il 45
T ELA B i 1) AT SR R4S 30 0 A R A S
A XAy A (B 1) o & KA T E ARG b
X Rty A2k, LA B HAS g 38 R B B2 G, b
T A DX A [ 5N AR A DA AR L R 0 DL B A 2R S L
B, AT A 1 D AR (BT 1. A) 5
H XA oA X A FE b E P pg 8 = g L U | B
M DS PRSI, LA R E R L b X el A
DN NS = s el s Nt DT e RS B i [ 5
FECE1:B) . IWPARBI Yl A X (>0.75 43
ML) K E , & LT E = w3 5 pg
ERIE B B A A (E 1:C)
22 EBMERST

MaxEnt #2559 71 ) = ( Jackknife ) 25 H 19 4~
S o KRR XA A X BTk (R 2) .

, i 2

TR A0 P Z (8 F 3 3 47 ( DFA) B9 48 Xt 33

Table 2 Contribution rate and the relative contributions of the 19 climate variables in pairwise comparisons of

Cyclobalanopsis glauca and C. glaucoides by discriminant function analysis ( DFA)

Tk Contribution rate

Tifk R Contribution rate

AR 11@#!‘)5'—
p o~ » -
(%) (%) ' (%) (%) ’
biol 0.2 0.2 -0.25 bioll 5.0 2.6 0.03
bio2 0.8 0.9 0.73 biol2 22.1 5.8 -0.44
bio3 0.6 0.7 0.81 biol3 0.2 9.3 -0.16
bio4 1.0 18.0 -0.61 biol4 38.0 0.1 -0.63
bio5 0.1 2.7 -0.60 biol5 2.6 0.1 0.71
bio6 9.7 1.6 -0.16 biol6 0.2 0.9 -0.16
bio7 2.4 25.3 -0.38 biol7 0.2 0.1 -0.64
bio8 0.2 0.1 -0.24 biol8 15.8 25.1 0.03
bio9 0.1 6.0 -0.08 biol9 0.5 0.3 -0.59
bio10 0.3 0.2 -0.60
T T XS T XK S 73 09 {82 75 5 R 23 1 T D52 19 42 o5 75 (X — 1 75 X AR AR Sl o ) (B0 2 75 T 7P L o ik A e v 110 = A

AR,

Note: Values in boldface of Cyclobalanopsis glauca and C. glaucoides represent the top four contributors; Values in boldface are the three

most significant variables for C. glauca-C. glaucoides( CA-CS) .



464

L

42 %

B X AE B2 Z i+ H K (biold) AFEFEK
i (biol2) Fli B8 Z=Ff K & (biol8) M52, =& 1Y
TR H 9K 38.0% 22.1% F1 15.8% , 23t 5Tk
RN T5.9% , 3% P T K B [ K Y 2T 4y e 2
AL R T S Sl P A g R <13 s o i R -
SIRAFAE ARG (bio7 ) | 5 B ZEFE 7K HE (biol8) F
UL 25 P75 B 2B (biod ) B RS , = Y STk
KON 25.3% 25.1% 1 18.0% , Bit vimk R N
68.4% , X 1 I VR T IX] 431 A7 T B TR 7K it 2 1k
AR A B R

i i 30 ) pR BCAr BT (DFA) AT AR H (£ 2)
X S 9 0 o [60] A 2 S ) = B A A A o A R
(bio3) a2 H BI{E (bio2 ) IR K it 2519 P42
b (biol5) , H 22 5 BTk 22 (9 48 XA 43 51 4 0.81
0.73 F10.71 ; kB 225 125 2h R (biod) A H
i 7 ik (bioS ) B 22 3K ik (biol0) fe T H
B#IK i (biold) T2 K i (biol7) FlHRS 2 /%

K3t (biol9) Xt 19 ) i 43 Aii 22 55 57 ik R B9 4 X (E
YITE 0.6 ~0.7 Z I8, Al UL, Sz W i 3 R K Y 2=
Ao s R R B R A 25 S R R

< EL
AR,

UeAh, i 5 7 2 0 i kB, B RIR 25 A A
(bio2) FFIRTE(bio3) (FEIK 2= 15 A4k (biol5)
14 ) 22 5 K TR N 25 5, B B8 22 [ K i (biol8)
i) 22 5 15 b P9 22 55 09 O 25 (B AR 55 T LA AR
PRI 22 SR TN 2ZER (R 3), XU X
55T XA S0 40 Ak B4 T DR 2 1 4 o 3 AR Ak
W B LA % 8 7K 24 1 T 1) 8 A7 7 25 S e

A% 2 P55 3 BT LWL R 7 A~ b 19 AN A
A AESAIREAL(E 2) , PYRE SR E2E
HYE (bio2) FFHRME (bio3) R F 5 A8 3 &
B (biod) =A™ iR AR B B0 B B A 4 5 X U
R AF AR Ak e H N A8 fh 25 57 2 s i — 3 4 A
25 500 2 B R 2 PR 25 i A e AR AR Ak

R3I TRASBEEENBERNSEBERNAEST (ANOVA)
Table 3 ANOVA of the different climate variables between Cyclobalanopsis glauca and C. glaucoides

5 sy FEHES
R Sum of squares Mean square Percentage of variance (%)
Climate
variable Tl ] iy Fif i) s Tl ] iy
Among species Within species Among species Within species Among species Within species
biol 83 885.36 511 236.60 83 885.36 854.91 14.10 85.90
bio2 106 304.03 70 608.44 106 304.03 118.07 60.09 39.91
bio3 30 553.70 18 393.09 30 553.70 30.76 62.42 37.58
bio4 604 600 000.00 705 700 000.00 604 600 000.00 1 180 093.52 46.14 53.86
bio5 433 523.75 486 933.45 433 523.75 814.27 47.10 52.90
bio6 68 274.61 788 039.79 68 274.61 1317.79 7.97 92.03
bio7 157 713.11 539 908.89 157 713.11 902.86 22.61 77.39
bio8 102 762.38 495 930.34 102 762.38 829.32 17.16 82.84
bio9 15 090.19 923 708.61 15 090.19 1 544.66 1.61 98.39
biol0 394 464.16 441 097.96 394 464.16 737.62 47.21 52.79
biol1 285.64 764 133.50 285.64 1277.82 0.04 99.96
biol2 25 080 000.00 48 790 000.00 25 080 000.00 81 587.61 33.95 66.05
biol3 139 788.96 1 844 872.50 139 788.96 3 085.07 7.04 92.96
biol4 84 199.56 94 874.03 84 199.56 158.65 47.02 52.98
biol5 108 789.61 77 821.88 108 789.61 130.14 58.30 41.70
biol6 852 539.79 12 650 000.00 852 539.79 21 161.15 6.31 93.69
biol7 1 084 009.07 1237 251.63 1 084 009.07 2 068.98 46.70 53.30
biol8 2 590.74 2 590.74 2 590.74 18 694.60 50.00 50.00
bio19 1579 401.18 2011 965.09 1579 401.18 3 364.49 43.98 56.02
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A. Suitable habitat distribution of Cyclobalanopsis glauca; B. Suitable habitat distribution of C. glaucoides

C. The most suitable area for

C. glauca and C. glaucoides; D. The specimens points of C. glauca and C. glaucoides.

A 1
Fig. 1

W 88 45 M A BT, U LA B ¥ H e IR (bio6) |
B R ARALL, 1 B TR AR A X A i I IR 9 35 A 2 AH B
WY 2) o 3 a5, 154 Foxd [ K AR B I 38 N 22
SRR, U H R TE R K 3 2= 15 424k (biol5) b 43
Sefe o, BT X 7E A Bk 28 B B R B
L =N BT B B DO o = S v A P e e
THEEN . 25 LRI E a P R AE [R] RAE AR

A A R R AR Ak 25 S 0T LA, R AE IR BE A K
AENEL H N 3T 25 5 1Y AR fE R Ol N A o 25
) F PR,

T X5 T XA 3 A DX A R AS A 7

Suitable distribution areas and specimens points of Cyclobalanopsis glauca and C. glaucoides

3 W55

H Phillips %% (2006) B X 5| A MaxEnt 524 i
M FEEAE 2 A Z )5, kAR 25 A BT 52 ok W]
B ( Kozak et al., 2008) , AW 5T 5 X FIEL 5 X 4 35
FEHL A AUC {E 43 %1 R 0.995 i1 0.986, ¥ & F
0.90, XI55 (2018) A K, AUC 15 F 0.9 BEEH M
A i A B I 45 SR B B WA AR B AR
TR 75 )5 08 7 X3S B AR B p, A v )
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Fig. 2 Kernel density distribution of Cyclobalanopsis glauca and C. glaucoides with the different climate variables

AL 5 i E A ) 89 o A X AL B A — B
(A 0 0 B AU, 1998 ), [ 40 53 A [r] i S vt 22 E)
5 K 1 O 1 I RO @ e 2 e IR E N
SRR (1992) 2 i 1 75 X1 R 9 Fi i) 43 A3 XA
T, —2 BIUE T A SCH X5 18 XA 358 A5 400 1
HERA R, I A6, N X R T X B ol A A X
(>0.75) AT LLE & X FZ40 4 T 20°~30° N 2
(] F19 S Ay K b # s b IXC, TR X 4E H 43 A 7
] L v b DX R P )1 e 3, =3 A I 5 R AR

SNPGRS S B 2 o3 S 3l o A A
B AR S A0 22 5, A B T 3 AR SR I 4B
DR RIS ST 2 3 L W NI E = AW TP Ny
Frde it 1 e i RO DR

ABIFTE i i B R XS T A 19 R
15 R F 19 75 22 53 5T CANOVA) F 51 4347 ( DFA) il
R BE o3 A A B, A5 il M (bio3) R K i 2=
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