M E LB 20245F F£69% £ 12 H: 1652 ~ 1662 ¢ CPERRE Y et
SCIENCE CHINA PRESS
CrossMark

& click for updates

HEAAE SRR B 2 RENE 50 % AP 2 1T
AT

AR, B, AR AR R A B R,
L TR S SRR ME S 2 E A5 SR B U TR A 90 3, AR 541006,

2. ) P VLR CR W E IR AR T S TR S A0 =, Habk 541006;

3. FEARHL TFRME R 2 A i S IR 2 B, FEAR 541004;

4. "hEREBAERAEY R, T 510650;

5. 4Emr E AR, N 510650;

6. T EELFBEER IR, T EREBER LS RGN 58 B A S, 1M 510650

* PR A, E-mail: argentriver@]163.com

2023-10-27 Wk, 2024-02-01 171, 2024-02-01 $%75%, 2024-02-04 R4 3

E XK [ AR 5E4:(32060305)F1) 1Y [ SRR 2455 42 (2022GXNSFAA035583) %t Bl

e HENHSIHUESERSHEERRFAZSMAESFHARNELZ — BRI 9% A 9 A £
B EREBESHHEE, TEELHLANEET MR RAERDIHHEMENRFE TE, €% RIAHE
T A 4Ly R U AE, BN R FRE TR S AR, AT R AR A KR K20 hm?
ABERHEMATRAL, BREZERH AN T ERRTERABEE XA ADH LHERE G ER SRR B 24
HRBR RN, ST AR EHESER SRR A QTR AN S ELHREZ AN LR EREW: (1)
BHRRFEREATHRBRENM S UL R SHU TN A RERBREEA L ESHHE; Q) WHEZHE
MERSHELELWRMERN, @ RRTE XA ARBEEPRAG M AN FEEMEELERREIARD &H,
MAHAAGFE EERRAEABRD S, HEEHEMRETHREYS, Q) A SHESZEL MM ik
Fe B AR S L ED ML RENE S, T REAASRAGA A+ T LA F LK R
BUHAENZ @ T . ASCENFN T ERREE XA DM S ER MR L ELHHE, BE
ThRHEMATGEM AN EHEDNER G ERSHERP TR PN EANE, S BT THTREFE
EHHAESRENBEN S HENE R, SRR AESRPEN S HENER LA — 02 E X

K]l WA E XA, WIS, EREHY, FELN, ZE AR

FEVE (923 [ 3RS SR fa s BRI S T 2 RS RUB IR 2, oM R MR S 2 4l A 1 R A%
JEPEZ —, HAT AU S MR AR S AR BRI, BRI, PR EASESUEE
PR AR R USROS AN VAR IS I oA BSR4 B8 BRS04 FRAFAEJ2: 1 AR
R AE FIBR A A ) S BV L B F s S Uk, BRI PR AL S R A R LA e
g LA Ik Rk R MR e = A b SCERGAMUNE, B HERCRAE T X R 25

SIS BAFAL, 250k, BRI, 55 pa Rl o SRR AR R 2 REE S5 1 R AR 2 AP A0 . RLFil R, 2024, 69: 1652-1662
Yin Y H, Li L, Wei S G, et al. Multifractal analysis of species diversity and phylogenetic diversity in south subtropical evergreen broad-leaved forests (in
Chinese). Chin Sci Bull, 2024, 69: 1652-1662, doi: 10.1360/TB-2023-1110

© 2024 (PIEREE) Atk www.scichina.com  csb.scichina.com


https://doi.org/[object XPathResult]
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2023-1110&amp;domain=pdf&amp;date_stamp=2024-03-25

FAE, PR 22 SR 40T Oy i - B 2 — 1
IR P2 B AR E, X R EAR A
YRR 23 (6] 3 A5 AR R 7 T S T RIERCR Y, e
s R I B — M I 4R T e i 15 B e G
IRAE RN BE B S WA YDA RE IO 28 [A) A0 A i, 38
B 1o Ml S et AR B AR S RV, R TR fe A
W) Zs (8] 3 A A S R AR AP Wi fe AT ) HAT B S
H T4 R ) 28 8] o A AR W] BE & A7 A5 25 8] A A5G A9 52
mig U LA B 3 B B TG 1 4 T R 43T
FAE, AL RT3 el B B — 3 T 4 R e
IRPFIAEZS 0] R BAFIEPIRARE, T2t
AMUBEME R I B ATFAE TR FRE, R BER IR Fh 72
(6] (I S A R RERS FE . 2Rt 43 He i) )2,
Z I tH— R 553 T A B R ) 1 Sk R A P Fh )
OMERRE, TR Y s — RS, ZEME
S3HT Bt Borda-de-A guas AR ZE B BRARIETS
FIFP TR FROC R A FD 2 BE o At oe v, LIRS N5
ks 2 F A A diris FH 20 3T BRI A ARpRh,
5 IR 2R 5 RN AR R R U, XAy
BT 7 76 RRAREE V% 25 ] 85 M R 58 P B T R 38008
WAk, oA RGE N E RS R RAE S
S el L (8 A S % s B AN 2 372 % W1 PN
[F) 22 8 i 28 20 180 119 43 T B (DA (I 35 24 3 4% 7 A
), K & T ARFP LS B b a2 5, &4 T8
PFP L S5 A FRAAE ZREVERS R R R BTk, Ao briE
P23 A 25 R HR AL T A

HErm 2 E B, & 2T YR 2 et
B2, F YRR 22 B FA G 22 B SR B Y A 2 AR
A WAME 4RGSR & T4 S (AL
%[RRI 22 B S RE LS R AE R 22 50 R
YRl A AR FESELZ X R, KE2E 0
FHZEE R LRV SR, o] ARG RETE 25 8] 3 A
JRR AN A, HRES R IR R AL AR A A
BIPEZR RS, WS RE ik R 2R AR
R, 7RI R AR SR 22 ROBERRIE, XS
Reh B EE TR M4 A S R e e B
L.

H Al & A WF 72X R A 5 SR ] bR A 2 ek
W R 2 EAMRAEE A TR, HE RIS R 2R
MMM ZE IR, N TERAAF R T
Vs 25 () A A Jmy B A, AR DIF 5% LA R S 3R o 4t ]
MMOMIFFE XS %, s 2 E Bt i s AR R R

JE Tk ZREVE RS R 2R RS B Ak R, RN
PR LA DRI (1) A6 S ARy ¢ R o 22
P35 R RS [ A R 15 B 2 F BRI
(2) FEYR P LA B 2o ] bR P DL S b 2 AN A i 2
9 F & B S R REGOC R RV RALRHE; (3) iR 2R
ZHMIE T S YR SRR 2 E I T RO 45 RA
525 AUTLERT Y SR ST R 2R
Yezs (] 73 Ak R 4 22 LB ARAE, DU R 2 REdE
2 BT S T b B Pl R Sk AR A S S
DX I A 49 22 s TR SR T2 B L )

1 s XIS

AR 5% X I A7 T 7R A S AR R P X
(112°30'39"~112°33'41"E, 23°09'21"~23°11'30"N), S
L AR O AP X @ T R P R T 2 KU S fi, KR
AEIEL, HEIE20.9°C, AEREIKE1956 mm, {H4:
AESMEANIS], T AR R4~ H T P X L
R4, LRI F1450~600 m, ZaiiA o ntyZ
B,

2 Wi

2.1 FEHbZE S IRA

ST L) A ] 1 R (DHSKE ) T A2 20 hm, %%
PiH400 m, ®ALE500 m, #44230~470 m. Z: [ Forest
Global Earth Observatory(ForestGEO)TE# i ZRARIETT
A Z2 A I W I B 5 9 X R b AR 7 90 A
W, REHB P E T 500120 mx20 mAKREDT, B
KFETT 58I RS mxS mA/NYIEATEAA Ry, LIPS )7
] = FEUE L TR A AR BR 9 S A, RERE T P A e
PEATREARR N, 0. Mie. mEE. s, 4K
ROUEAR B GBI [ 20204 5451 LLIDHSHE i EF
AN RS,

22 ZHIESEINEE

YIRh Z A2 F A AT Y 3 B R R B R R
WIR. A TS (B ARG 25 A ) SR R s, AR
X AERIE = B DHSHE R 47400 mx10 m. 400 mx
20 m. 400 mx30 m------400 mx490 m. 400 mx500 m
R, DAIE I A b e A 18 RUBE 5 ] Rl 72— A2 1]
Ty LA, AR R e (L PR ) & M Fh
(A AET 22 B P AT A5 B AR T ) 2R

1653



M43 0 B 2024F48 $£69% F128H

M, =35P =", )

2, SHIFVEL POARYS 21, ¢ MG AL, H
T —co<g<+ oo, 1(q) N BT HEAEEL.

Z RV B8, T Hh Z RV AR ATHIL 2 AR FE £
HeFMk: 1, =MD Mg=0. 1. 20, HIH AP Fh
FHEEFEE. ShannonZ FEVEFFE KU1 Simpson 2 A£ 14
L.

(DT A3 2 B 5 5e(g) M
2(q) = lim =M

e>» loge

@)

7 S HEED J2 X o(q) I B R R RR A i, L
HUTFRAZR:

.1 logM,

Dq—}grgol_q Toge qF 1, (3)
. %% Bxlogh

D,= ;.1%T"J =1L 4)

DR RS AR R, = M, O 701D P,
JFLAD, FT Hilogl, SlogeZ A& I ARRRITNE, HA
AR R S PRI, o(q) D, & ik b3
MERR I Z TN, JEASRE S ey P 1 28 = 3
B2 [ A3 A RRAE. PR AR AT s F rh 75 243 H O der
TSR R MY Z R L T R B (), T
LegendreZ i f5k:

>

D
a(q) = —%[q
)

S(a(q)) = ga(q) +

D, ]
1—q |

YIFh Z A2 AR R0 T SRR A R A SR
H(g>0), FREARFRIERA T (g<0), IBtrgn
YIFh S E B AR, BRARBR RS A N W R A A R
JiE, BISCEBOR, PIRhima . WiRh 22 B
T AE A i s I 25 (B (Aa) A S BE R A, 25 (EBR, T
B FNRRAG PP AL A 2 50 BERRARAR. Af=Ff(Gmax)—
flomn) WITEEA RFEAS S X, MAMEN EET, %
WA A FP ALY 2 & B AR R i TR R AL,

itk RS H P TR TR R A
TR RUBERE, 15 P R BT Yakimov 4 NP
RS, R R RN

1654

B, R E R RUE N IHRE R ZEAEHE(PM,),
B IR DT AR R Y R G TR R T InAL
O ST PEEFEA RT3

19
PM, = ZleLi[%} ~ g™ @), (6)

Kb, bR SRR, LS SR, a 2500
BAVEAC AN SANES Wolliav s AN IR EE 7Y Sib]
X ZREZ A, THRERGREWIRE, ¢hgeIiTHr
BES, e N, o(q) i a4

(6)X P I R ZHEVER PM, 5 Chao®E NP5 L
()% 22 ZFEEFR B PD S RGO
‘PD=pPM, """ (7)

Wg=0MF, % R LM PM %4 F Faith’s PDP?
(FRECEGCR), BH0E SCHRHE NITA YIRS Rk
B R IR/ NI . Faith’s PDiK, 1URRETE N
VIR R SRS R RIS, RAEE T ZREENIR . AH5e
RERET:

=17

10
pM0=z§:lLi[%] =y L.=PD. (8)

Mg=11, 15 R Z R PM

b
a; Zi: Liai T
PM, =S L == — -1~ L ©
gm0, HER 2 RERERS MU
a;? _1-Q/T
A (10)

P, QJRao WS H.
ik R Z R Z H AR R AL f (o) FTHS 1 der &7 5745
Hon] LU i Legendre”ZF #5958 :

a(g) = ,diq,(q),
f(a(q)) = qal(q) +(q).

1% R 2R L AT IS AU RS AL BR(HOlder 47 5745 44
a)FRAE T YRR A R, BUER, RAFYIF A .
ZHE IS N bR (2 BB 3 R f (o) FR1E T 9
FiFaith’s PD(FHEPEZ R R)NER. SR 2L
FE SR LA SRR HER AL (¢>0), TREZAE
T T (g<0), T00s T /s T8 PN S AR (1 o ] 52
L Z P WA f=F(a ) — f (0 ) R R T RS, 24
T A 2 R ] SR 25 G R AR AL B S F AR AR 4,

(11)



ZIRR.

H AR BEVE 1) 2 REVE 5 R TT BE A7 75 6 T R Il 2.
h T E R IR Z AR (E0E R 2R 54 R RUE
BRI RA W, EAHAICY X logl, (%
log’PD)5loge R LA 45 A — A 45 R T
B M TUIE SR AICH /N, RIHE SRR E
R A (B R 2R 5 RS A e R A w22, )
THERCSE LA AT SR R B 2 M Y. 1
TR ZEE 0L T 0 5 BE I R R, i2 FHRE AR 28
BRI R R B ()3 % PD(e) BB LAY, 15
D, 54 1(q), #FMiifid Legendre B 13 FHolder & 545
o ZH LIS RELf (o).

A5G R Z EAMTES BT R . RS AE E I 7E
R(4.2.3)8 bt A7

3 g 500r

3.1 YRR BB

logl, SlogeMAMALERMEN IR, Mg=—11],
R*40.96, P<0.001, 4¢=0}, R*>}0.91, P<0.001, ¥4 %
BAFIA LR (B 1(a, b)), KUV B58U, 5
REEAFEW B RHEXER. M Yg=11, R’<0.1,
P<0.05, I ZREESS BARE 5 R efr e R 22
(E1(c)).

FIFHAICKT logl, S loge M Lt AU G 45 M — IR
LERETR R R BL(912), R Zhh T —5~2.5 1K IR,
logl, Slogel) “IRAUELERINAICH/), FHERFHR
JE 5 11 DHSEE Hu P Fob Z2 RE A SR A7 AE — o 1A Tt

TRz

W T 2 AEEE BR85S R e PR — & 1Y O
25, IS EAN R (6,=12 m. =39 m. &=
127 m. &=411 m)Jfic FIFE SR LTI (o) AL
REREMNM AT R Z TR0, YFh 2R L2
LIS RENEIE— 28 2 P Fh i 23 8] 53 A R e (1€13),
ANERBE T B R 22 T 50 T i 52 B A B 8 e
A, FEUHRER N 22 S P B B AR, A7 AE
— B AR, FEAFRRET, Y2t R L E
ST I 2 st e B4 T 00 (I HL i 2 ) 2 N 5 25 AR
/N, RUIBEE RBERIE R, HEs IR F AL 4= B
DIAHRGE R . Bl ROBE (3K, WP 22 B i
ZHEPIC TS AE NI, X R IHEE TSRy Fh
W) AR PR S T RAH 225, &£
WA A FRAL 0 = 5 BEAE AR RUEE T B AR R AL,
HRRMAREE R, #ifa R4 & Atk
FE TR

MR e i), LRI A i i A T, REHAEIX
REE T A A R 8 B2 B, A i i
ZEH(Ao) I ST B, Z2(ERRR, DUIAFR A FIfe A
PR IA] () 35 5] BE SR ARAIR. 25 RUE Jye B, Aa=1.076; RUE
Heit, Aa=1.089; E Hefit, Aa=1.094, X JEF Fe, i,
Aa=1.071, G5 REW TR RE T AP 556 Fha [a]
BRI 22 SR K, FEe B TSR AL 5 H6 45 Fh 4]
WSS/, Ak, RERE T Af=f(0max)—
flom)ERAE T ZES, 4N RETRAMES B R
0.177. 0.169. 0.127#10.084, FWAWMA RN FEE
FEAR A B AR SRR, I ELREE N A3k, B

@75

7.0

6.5

logly

6.0

55

5.0

loge

loge loge

Bl 1 ShilL DHSHEMA TP ZREPE i logl, -loge R TEL A (a) g=—1; (b) g=0; () ¢=1. logl,: ZHEMEAT BIRENIXTELG loge: REERIMEL g: HiBY
Figure 1 log/,-loge linear fitting of species diversity in DHS plot. (a) g=—1; (b) ¢=0; (c) g=1. log/,: The logarithm of the information index; loge: The

logarithm of the scale; g: The moment order

1655



M43 0 B 2024F48 $£69% F128H

°
0 &g
-10 | o
(e}
o
-20 F
o
(_') o
= o
3 -30 °
© o0
(o]
_40 .
o
-50 oO
o
OO
-60 t °
-10 -5 0 5 10
q

B 2 S DHSEEHII R ZREMEAAIC S g &R AAIC: PRKIUG 45
RIAICA; ¢: By
Figure 2 Relationship between AAIC and g of species diversity in

DHS plot. AAIC: AIC difference between two fitting results; g: The
moment order

A ol ZEL AR L SR 4 B = 8 AR AR ) 22 S A
EUN

3.2 iRRZFEZ RSB

log’PD5loge IR MAU -G 4 R UNEAPTR, Hg=—1
if, R240.93, P<0.001, *4g=0ff, R*40.88, P<0.001, 1
HEBHADLE (K4(a, b)), £WERZSHEMERE
BIPDEREAFEHBHREXRR. M Yg=10,
R’<0.1, P<0.001, LTRSS PD SR E AT
FERA N 22 (Bl 4(c)).

FIHAICKHlog? PD 5 loge £k P48l 545 S A — Yk 48
B EE R TRE S & BL(1S), log? PD51oge — IR FUA 45

f@)

OI.O O.IZ 0.;1- 0.6 O.é 1‘_0 1.2
a
3 (MIZRRR () i L DHSFEML I R ZREE R 2 B AR IE. &
REZ; a: Holder® 4550, RALMIFPITR AL, f(o): ZEHMLIE R
B, RAEYRIF R AR
Figure 3 (Color online) Local multifractal spectrum of species

diversity in DHS plot. & Scale; a: Holder’s singularity index,

representing the rarity of the species; f(a): Multifractal spectral function,
representing the rate of change in species richness

RIYAICH, FRWITEA R R FSEILIDHSHE 3% &
MRS SR A EAE — 2 IR 22

i Tl R ZREHAE 50 PD 5 N e AE— i e
M2z, PUHFRATT N 4 Jay RUBE a4~ S B RS (6,=12
m. &=39 m. &=127 m. ¢=411 m)Jfiz HFES LI
S PD(e) I LR T A T SR 2 F 43 B 73 . 1A
6 1Y% R 2R SR IR £ HE 0 T % S B B A
B84k, FRIAREVE NS R ZFEMEAEE— 2 A AR,
[El6Hp 22 S 2R (R 19 25 S B0 /N T A S5k, RIS
[ RUBE R A SR 4l B F ] S 2% ¢ 2R DL — AT R 1

(a)125 = (b)9.2 =0 (c) 3.9 a=1
120 R?=0.93 R?=0.88 R?<0.1
[ P<0.001 P <0.001 3.8 | P<0.001
115
3.7 s
:
9 11.0 a o '
% = & 9.6 %
2 105 . Xe) L] :
|
35
10.0 i
i
L] § s 09y
o ) \Hﬂmﬁk
9.0 . 8.2 3.3 I | . .
2 3 4 5 6 7 2 3 5 6 7 2 3 4 5 6 7

loge

loge

Bl 4 )L DHSFE 1 R 2R log  PD-loge R MERLR . (a) =15 (b) ¢=0; (¢) g=1. log"PD: ik REFEAEFEENIIALL loge: RULRYXTEL; ¢: FEEY
Figure 4 log’PD-loge linear fitting of phylogenetic diversity in DHS plot. (a) g=1; (b) ¢=0; (c) g=1. log?PD: Logarithm of the phylogenetic diversity

index; loge: The logarithm of the scale; g: The moment order

1656



0 3 °
o o1} o
10 %%
)
-20 =
o
S} o
Q) -30
3 ° o
-40
o 00
-50 % o
o
B k
=70
-10 5 0 5 10
q

B 5 AL DHSEEHERE R ZREMEAAICH g R, AAIC: IR 45
RIAICA; ¢: By

Figure 5 Relationship between AAIC and ¢ of phylogenetic diversity
in DHS plot. AAIC: AIC difference between two fitting results; ¢: The
moment order

0.20 E &=12m E
£=39m :
| === &=12Tm
L &AM S RTIN :
% .§~\ A\ H
; 4 AN ;
0101 ¢ 4 N\ |
L4 N
/4 W\
S 005} /’l AN\
= il R\l
14 W\
0.00 / ---------------------------------------- N
: Y\
fi i\-\\
-0.05 / ; A\
-010| !

00 02 04 06 08 1.0 12
a

Bl 6 (MZRUR @) M MILDHSFEME R 2R R 2 TG, o

RUE: a: HolderdF SEEEL RAEWFORATIL: f(a: 2T/ i

B, RAEYFhIA] R R R AR

Figure 6 (Color online) Local multifractal spectrum of phylogenetic

diversity in DHS plot. & Scale; a: Holder’s singularity index,

representing the rarity of the species; f(a): Multifractal spectral function,
representing the rate of change in relatedness between species

A, TRAT 2 B4 AP 5] 535 25 5 28 00 L — S A X
WS BHRAR . LR A THUS R RURE R R T R,
RUREE N BRI F AR RIEG S R, AR
JE T B TE LR 2 A v it (LA A0 T 0AMEL, R WIRETS R AL
Sl 2H MR A o 2 10 o ] R % 006 R 2 B A B 3
WAk, Bl RSSO, TR v Sl e 8h, £

R A A e 2 A MR R, A TRURUEE T A f=(0tma)
— (o) IE A BT 225, RE Re i, Af=-0.001; R
BE Reff, Af=—0.008; RJE Mesif, Af=—0.030; RE R
e, Af=-0.049, Z55REIMARA PP TR ] ELOC
R R AR TR AL, I HL bt R 3K, )
T A7 A AL RIS DL AT 2L () B SR 2% G R B AR 25 57
TEZHEKR.

3.3 UIRhZ RS R 2 RS FA B RIS B

17 JRR T R T4 B 2 W I K 50 4 LI DHS B b
(IRl SR S R SRR I R £ T AV, X
PR B S IUAERAE A AR, I (1) R
[ RBE R (9 6 34 2L ) 2 B R 1] 52 06 26 LRI
TR R (2) RFEREE T RS Fh g i F 5
FE R IE) SR 00 R I A 3 (3) B RLEERE K,
RV RS VR 1 T B 8RR ] S 26 RS AE T
W, WIRhZREMERIRE R 2 REME R £ T AV £ R
HWLEESME: (1) fic s B 25, %
FEVE JRIHE 22 B B i HR A e U T A S S AELA £
{H, TR R S REME Rl 22 2 40 R P 1 A S 3 1 (T 74
AREEFEIRGY, VR R TR i il
]2 06 RATEARIT, I LG R R, Hits i
LR ATPEAE AR, (2) WA A R LR R G SR 41 1 1
R AR R G R SR R AR A 2
A AL F 5 A (L S TR SARh 2L, TR B
AN RN S50 0 R AR AL SR T A S4B
4 PHE

M —AE R XE SRS, RETRE
TEI RN ZREVE RIS R Z RN R LA e, X2
Pk AR TR R 7 S SRR T 43 A VR 1 510 FLEAT 5
JROBE R, PRI SR B YR R RIS R 2R
Tk SR 1 R BE ORI 2 W SRR . At
TERGR IR 49 25 T EAT BB . AMB R R B
1A R TS0 TR AR S RE S A 23 61 3 A 1 5 26 )
ST TRENS TEA N JEE b RSB 2 W o 53 A b
JRRAE T B 32— T B LA R R
JR M RETE AR RN S AR R, T 2 T AP RAN T 20
MBI, AT R TR 0 2 M AT
R T RSB Z S5 A7 B2 R 2 REVE RIS 2R ZAENE
HRELRROEE, A TURE RS L
FEMERIE R ZREMEMI R R

1657



M43 0 B 2024F48 $£69% F128H

£=12m

(c) 03

00 02 04 06 08 10 1.2
a

(b) 03

£=39m

(d) 03

00 02 04 06 038 10 12
a

B 7 (M%) 5 LI DHSHE b R 2 1 51 R 2R R 2 . () e=12 m; (b) £=39 m; () £=127 m; (d) e=411 m. &: J&; SD:
Yih ZREME R 2 T4 EIE, PD: il R ZREMRT 2 T MBS, o Holder?F T4550, RAFWFNIRATLE; f(o): ZH L REL, R £

FECRERR) B

Figure 7 (Color online) Local multifractal spectrum of species diversity and phylogenetic diversity in DHS plot. (a) £=12 m; (b) £=39 m; (c) e=127
m; (d) e=411 m. ¢: Scale; SD: Local multifractal spectrum of species diversity; PD: Local multifractal spectrum of phylogenetic diversity; a: Holder’s
singularity index, representing the rarity of the species; f(a): Multifractal spectral function, representing the rate of change in species richness
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Patterns of species diversity and phylogenetic diversity at the community level are a major focus of current ecological
research, and correctly revealing the scale effects of these patterns is of great significance for characterizing their spatial
distributions and understanding the mechanisms of biodiversity formation. Traditional ecological methods cannot
accurately describe the cross-scale complexity of species’ spatial distribution patterns, but fractals are an excellent tool for
explaining complex structures and scale effects. However, traditional fractal analysis only uses a single fractal dimension,
which is not enough to comprehensively describe the fractal characteristics of community diversity patterns. Multifractal
analysis, which consists of a series of spectral lines composed of fractal dimensions that express the fractal characteristics
of species, is a better method for quantitatively describing the complexity of species diversity patterns and spectral
diversity patterns in forest communities, as well as for deepening our understanding of the roles that ecological processes
play at different scales. Therefore, multifractal analysis has incomparable advantages over traditional fractal analysis.
Although multifractal analysis of species diversity provides some insights into diversity patterns, it is limited by the fact
that it only considers the relative abundance of species and not the length of their evolutionary history, so it does not truly
characterize interspecific differences. In order to more comprehensively understand the characteristics of community
diversity patterns, it will be necessary to apply multifractal analysis to phylogenetic diversity patterns. In this study, we
selected a sample plot 20 hm’ in size in the Dinghushan Nature Reserve, Guangdong Province, and we used the multifractal
method to study the diversity patterns of species and phylogeny in the plot. The results showed that: (1) The spatial
distribution patterns of species diversity and phylogenetic diversity in the South Asian tropical broad-leaved evergreen
forest community were characterized by multiple fractals at the local scale. The spatial distributions of the dominant and
rare species groups in the community were not uniform. (2) The richness and length of evolutionary history of the very
dominant species group in the South Asian tropical broad-leaved evergreen forest community showed a decreasing trend,
the length of evolutionary history of the very rare species group showed a decreasing trend, and the rate of change of its
richness showed a decreasing trend, which may have been due to the influence of the altitudinal gradient, where an increase
in altitude negatively impacts species richness and phylogenetic diversity. (3) The spatial distribution pattern of species
described by the multifractal analysis of phylogenetic diversity was more detailed than that depicted by the multifractal
analysis of species diversity, and this was mainly reflected in the characterization of the changes in the richness of the very
rare species group and the length of evolutionary history. Multifractal analysis provides us with a convenient way to
describe the composition and spatial pattern of community species groups, effectively revealing the patterns of species
diversity and phylogenetic diversity in forest communities. This finding is of great significance for the conservation of
species, showing their important contributions to the ecosystem and to the maintenance of ecosystem stability.

south subtropical evergreen broad-leaved forest, species diversity, phylogenetic diversity, multifractal, spatial
distribution pattern
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