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Scale-dependent spatial patterns of species diversity in the tropical montane rain forest in
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Abstract

Aims Spatial distribution patterns and formation mechanisms of species diversity are fundamental issues in
community ecology. The objectives of this study are to assess the species diversity patterns at the different spatial
scales in Jianfengling, Hainan Island, China.

Methods Based on the dataset from the 60 hm?plot in the tropical montane rain forest in Jianfengling, Hainan
Island, the spatial distribution patterns of species richness, species abundance, Shannon-Wiener, Simpson and
Pielou’s evenness indices were analyzed at six spatial scales, including 5 m x 5m, 10 m x 10 m, 20 m x 20 m, 40
m x 40 m, 100 m x 100 m, and 200 m x 200 m, respectively.

Important findings Results showed that spatial distribution patterns of species richness, species abundance and
Shannon-Wiener index were much more obviously changed with the spatial scales than Simpson and Pielou’s
evenness indices. Change of variance of the species richness with the increase of spatial scales was unimodal,
which had the maximum value at the 20 m x 20 m scale. Variance of the species abundance showed a linear rela-
tionship with the increase of spatial scales. The positive relationship between species richness and abundance
gradually decreased and even disappeared with the increase of sampling scales, which may be correlated with the
increase of habitat heterogeneity. The effects of spatial scales on Shannon-Wiener, Simpson, and Pielou’s even-
ness indices may be also correlated with the composition of rare species in the plot.

Key words Hainan; Jianfengling; tropical montane rain forest; species diversity; sampling scale; spatial distri-
bution patterns
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AR BN AE A i RS AT W ) REE AL
Mi(Crawley & Harral, 2001; He et al., 2002; Rahbek,
2005; Wang et al., 2008). Ll — A~ RUEE HAS BEi 2
BT B 0] T 7T (Ray & Hastings, 1996), {140
LN R oy 38 8 R A ) T SRR 5 S A 7, T
SRR IS /E L EZ SR eI AL g N C PN
X IR . ek, fEAMZ RN T R
R85 32 EAE R AESAN T TH: (D) AR FEIX
BN, BAEDRER TR/ TR BLSBURETE i (1%
Ht(Mouillot & Leprétre, 1999); (2)/E¥Z ket #S
Hi[X (biodiversity hotspot) )/ 5t (Bartha et al., 1998;
Fortin et al., 1999; Hurlbert & Jetz, 2007); 3)4:4#1%
FEAEAG 52 2 BEPE S JR) 1 R R R AT 5% (He &
Legendre, 1996; Wilson et al., 1999; Harte et al.,
2009; Colwell et al., 2012; Xu et al., 2012); (4)A[F] R
JEE TR WA 22 R A SR T B AL B RH AR 2 i 78
R FT (R EESE, 2010); (B)Fh. A2 RGP st
AR 2 I 2 B A 22 1) RORE R0 1) 5K 3R (B2 21 4%,
2015) . 1 L8 jia] P ARIE 50T BRI M0 22 1 R TR A
YERFHLH B A B X, RN A A 2 R
PRI RUE BEAR AR 24K Y5 (Willis & Whittaker,
2002; Rahbek, 2005; Storch et al., 2007; Giladi et al.,
2011).

KT 2 REAE A3 18] 3 AT A Ry B R BN,
N 4h ELFE A B AR (He et al., 2002; Kallimanis et al.,
2008). IRAEFFETE A AR (Wang et al., 2008). HIF 4
7 W TR AR AR (TR B AR 5E, 2012) LA K R W B o 4
i AR (& = A, 2008) T i — e m AT, TR
FR N Hity AR o 22 REPE R 2 1) 23 A SO 5 RUEE ]
KARWIBETT LB = o I 1 B b Ak By S b 2%,
F= 5 AT AR A RS I SOy R ERAE ) Z e

IR 5% % 11 AR AR IX Y R BTI60 h® S L1 R AR 2
A MR D Bt SRR, PRV T AN A RUEE R #%
Yokh 2 BEVESR AR RO B 0 AT RFAE, DOYONEE— 204
7N T AR U U 14 X A0 o 22 A5 P8 ) P2 FRT A4 R AL 2
R

1 #RA7EE

1.1 fAHHIR
RUIGIEHL XA TR A TH R R R B H iR &
A J7 A8 F4b(18.33°-18.95° N, 108.68°-109.20°
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E), MTIARZI640 km?. ZRUEIA ib TELE B Hs 515
FERAEX, TRMNEPE, WEMSHZEI0H, #
ZMILH 2 BUFEAH (RS, 2012). %X AT
PE7K &2 449 mm, -3 RR19.8 C, Fevd H i
P FIRE > 719108 “CHIZ7.5 “C (¥ A 250 /4
REE, 1991). A FACHT 1L M Y AR 3 B A TR
6001 200 mfJ il Hh g, A& BT R+
HET AT L Hh R PR R0 0 b [X A T AR B
KA ST (B 2 R0 5 IR KE, 1991, 2= R 1l 4%,
2002).
12 #HgERIFEE

20124F IR A K 5 BLII60 hm AR bk A4 2 REvE 5
A WA A7 VA 1 S VB U T [X PR AT LU b R AR
JRAG RPN, BEAFE R A% 23 HE 52 [ s 2 R i 0T 91
JIt (Smithsonian  Institution) #is A& FRAFF 7T H 0 (Center
for Tropical Forest Science, CTFS) A 1 A BTG 3k
fTE:¥%(Condit, 1998). FEHBLZAPEKL 000 m, gL %E
600 m (1), 3L%143 A1 5001~20 m x 20 mirIEE 7 itk
TR, BT TUAN A3 A b A T HAER:
T R IR B, K TEAEAE Tk ARRIE . IR
ALIREAN20 m x 20 miE 7 NG, B3k TP ATA
4%(DBH) =1.0 cm IR A )7 44 . DBHAIALARA,
USRS E B — IR, HIRAEZREKH, A
HAC % F439 676FKAFIEMIDBH=1.0 cm{IFF#EAME
Bk, £145391 686 MM A Bk 29 103N/ 26 A1118 887
ANIrEL. BATE P ER6LA R R E Tl 44 4k, HoAl
7y )& 162811558 290 (4F%145, 2015).
1.3 HBELEBSHH

A, ATELE S IMEEE. Z2E. W
Filt 22 ¥4 46 % (Shannon-WienerfE 7. SimpsoniE%k)
A K Pielouds) 5] & g B 3580 2 et Fa bR i 47 0 4T,
SKARTT SRS Hhrs 1L b T AR A Bk 22 P 1) 2% 8] 3 A
RRAE S L R

BAG0 hmP Bk 5 9 LR 6N AR E: 5 m
x 5m (24 000N F£77)+ 10 m x 10 m (6 000/ 77)-
20 m x 20 m (1 500 77)+ 40 m x 40 m (375N
77)~ 100 m x 100 m (601~F£77). 200 m x 200 m (15
AFETT), B EAREAN R T & AN K 5 F
LR R

IRIETH LR, Lo SRR Tl 22 4 1R I B2 6 A
(7 (B A AT, DA BEANRE AN [R] RUBE R i) P f %
BEME A4 55 K A A AALREAT b o A — U
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VI E BN £ 7 ) Spearmantfl < R L, FRIT Rl
F=5 BEA 2 P 7 A A& R il RS AR IR 73 e e T 22
FNAR S R BUH R F R SR 4 sl E, A
BIFFEANNIXAE (147 i B0 (B 0T T A B R R
Tl B T 1 ) B A A o L A VR TR A DX T 2
1R 1E R i) (Juhasz-Nagy & Podani, 1983; Horne &
Schneider, 1995). [RIiFIH ZAEPEFR bR 1) 7 220148
S Z3 O BORE 23 1) RUBE (BRORE TRIAR) 1) B SR AT
B, AR RO AR R P Fh 22 B 1A SR TR 520

FWFh 2 BEMEFRBL(HIN, 1973) DL I 5 2 AR 7
AEHE AR

Shannon-Wienerfg%: H= —é] (PiInP))

Simpsonfi#{: D=1 —él P}

Pieloud ) E#5%: E=H/In (S)

D% e = (a1 (-w)(1-1)

A5 5 23 CV = (sd /) x 100%
PPN EANEETT N EBIAN PR I 22 FE o5 B A Fil
% JEZ R LL, S FANMEETT N AP L, noAkE T
SEL X E RS YRR 2 AR AR U,
WA, sd bR .

4 iEIR 2.15.3% 4+ (https://cran.usthb.dz/) i3
1750 H

2 &R

21 YMEEEMZENTESHIEE

I o EURE 2 () ROBE I3 0, W0 & R 2 B
k2 3R (E2). fE/NRE E(NF20 m x 20 m),
R 12 B o A A% SR R B A 24 1 — ok, B
B A R RE U7 350 H AR LU 2 L P I X 3 (B 4,
K2); A REE (40 m x 40 m), iXFh X5 A 1)
— AR, ERORKREE E(CKT100 m x 100
m), PIE BE KNS BRI — B K SR
PSS N B, HIUn7E200 m x 200 mREE, MiFhF
BIERKIFET, KRR 2 A BN .
A&, PR E AN 2 R R RR AR O A 4 SR R A

RL WFhE R LSRN 2 (¥ Spearman B AT 5% 2 45 2R

600 F

400

2000

gL 75 14 South to north (m)

200 400 600 800 1000
4575 77 1] West to east (m)

Bl R JRIEIE 60 hm AR AR Sl 25 W TR Hb i b R ]
Fig. 1 Topography of the 60 hm? Jianfengling Forest Dynam-
ics Plot on Hainan Island.

TE/NT40 m x 40 mRBE b, WpFh - BRI 2 B 20
R (p < 0.001)IEAHRK R, IFHAHK R
TERKTF20 m x 20 MR EEIS A B k55 . 2 R B
40 m x 40 miT, P RAH DG A T 56 35 (3R 1)
22 YIEh SRR RAI S E R B EE SRS
TEAS R BURE 25 8] U R, Shannon-Wiener i %1
RIS v, HEAE/NT10 m x 10
mREE b, HEUE R S R 7 2 IR L g S
BEE X 3, Bl RO RGN, X PRI R AR AR
I35 (1, &13). 17 SimpsondE# FlPielouty) & 5 5 %1
(1 2% 18] 73 AR REAE R IAS BONARL(EI3, El4), 7L
IO R ECNTF10 m x 10 m), &AEET FH
T EE AR =, B AR, PR AR KT
X 43 H U B = I RE T
23 YMEEEMZETETRMREMNTHHE
bt BOORE ROBE (35 Wi == & R0 22 B 1
ZHEWEAF AR (EB). YFidE b E
JUPE 3 n 2 B L B0 2R () AR AL ARRAE, HL7E20 m x
20 mE RIS AE, AR 2 FE R U R
WhnizE R, EOHEBREE R UEE
FEEN 22 8 AR S R ) W A RUBE PR 38 i 1 B, G
TR R AR S R EBE S RO S I 4R
PEWR N B S, T2 BEAE /N T40 m x 40 mRBE 45

Table 1 Spearman rank correlation coefficients between species richness and abundance at different spatial scales

HURE R Sampling scales 5mx5m 10mx10m 20mx20m 40m x40 m 100mx100m 200 m x 200 m
HH% &% Correlation coefficients 0.917 0.873 0.735 0.319 -0.024 0.300
#5740 Number of quadrats 24000 6 000 1500 375 60 15

p 0.000 0.000 0.000 0.000 0.856 0.277
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Fig. 2 Spatial distribution patterns of species richness (A-F) and abundance (G-L) at different scales. The sidebars represented the

values of species richness or abundance at different plots, respectively.
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Fig. 3 Spatial distribution patterns of Shannon-Wiener (A-F) and Simpson indices (G-L) at different scales. The sidebars repre-
sented the values of Shannon-Wiener or Simpson indices at different plots, respectively.
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Fig. 4 Spatial distribution patterns of Pielou’s evenness index at different scales. The sidebars represented the values of Pielou’s

evenness index at different plots.
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M —BE, BIPEEBUE R S R T Y LR L
Je FCPf I X 3, Bl A OB 38, X b — 2k A
PR B R . BRAE OGB4 SRR, 7R/ T-40
m x 40 mRUE b, VIR E R 2 R I A
(p < 0.001)FIIEAHR KR, FF HAHKREAEKT20
m x 20 mRUEEIS A BRSS9 R E40 m x 40
mis, P A GV A PR 3, X ] R S B T ik
5E R 2 R PR SR B AL ) e R B I AR T AR
o NREEVIFEE EEE SR WA S IARARE
YA A KB A % (Preston, 1962), BEAE RGN, 4
SRS G N, Pl R I AR P 0 o
T A B I (Turner & Tjgrve, 2005), [HIT4)
RS AL B A RS B . DA
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Fig. 5 Spatial variation of species richness (A, B) and abundance (C, D) at different scales.

AR A U R R ) L S 8101 - S5 HE 4 ST
(TR E., HIES/KEMN LS FLBR ) =S 8 B
FAFFE K L HE20-40 m Al (55 55, 2012). X%
BT g M TR A ORYE L, U R, &b
TARFEP BT, 258 7 TR () 22 6] 28 AR /1N, BT 4k
AR BAE— N LA E K, DR EE 2
FERILE T M S IR AR OG, 2 RS I AR AR )
A3 T I o A U B 2 R I — FRBE LY, DL
5 HAH S B TR 8 R VE R
32 YIMEEENMZERESTRRABAILLE
JRIA60 hm? sy LR ARRE L, R R
J5E RN 22 55 1) 5 72 B o 2 ) RS 1738 AR RS AN [ 11
. VRS B 7 22 Bl BORE RUBE S 0 2 0 R
W AREAE, JF HAE20 m x 20 mRJE EHIE T 0%
B, M/=A X — I W REZE SR =E A 2 %
JR B B R A — 3%, X — e L EIE 7 A

A GBI Ty 225 B v 7 AR B4 sR A A R RUEE
TIBAER ARSI RN A B . SRl g Y il £ [FFF
H IR HoAt M X R #41 BR AR (He et al., 2002). i
FRAR(Wang et al., 2008) LA K H I Fvis 1 s B R bk
(Tk B, 2012) R o TADFR 2 B (1) J7 2 )2 b R
R BG N 2 PR &S, BWEAFRE N
Wi )k 22 B 23 1R 3 A ) AR S SRR A K. 5772
IHTANIRL, VIR BN 22 B (AR e 2 K S e O
JUBE R 0TS ek, X R RN 7 2 e 1
22 FE I FE R 46508 A8 SRR, T AR S R 000 S ik 1
Z RPN B AR AR S AR T . XSRS R 2
T PR 248 %8 A% e B R S ol L A A R0 AR ) 2 R A
& Jo3 FRI 5 o
33 HHREXIMZSHMERMHSERRT
EIbagir=apA1]

Shannon-Wiener#g%i. Simpson¥s i fiiPieloud?)
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Fig. 6 Spatial variation of Shannon-Wiener (A, B), Simpson (C, D) and Pielou’s evenness indices (E, F) at different scales.

SRR FIREARAE RO RO, I R 8L PRI 7
X IAS R I A BT 22 57, AHAE R — 8 58 XN B o —
o ABEFA, BEE DR R 3N, 3% 2 ke
By ZEAAR S R B0 2L N A TR
V. FAH5 S I8 11120 hm® 3 4 i 4K P9 T J (10 28 uL
FUH, 3 2R I T U U7 22 B A BORE ROBE B 3
S22 T HA B U AR PR AR AL R AIE (S = B, 2008), X
AT e 5 AR N ARG A PR A R KR &R
QUG U T 1 N TR R A PRl B0 960, 7 S 4
[1920.7% (YRI5, 2015), 1M 5 i LA s 19 F3
R ON110F, 5B FE R 52.4% (M R 4K,
2008). £ T T3 i T [ Pasoh #4if R/ AR50 hm?kEH,
FoM A Pl 9301 F, & P4 136.5%. Hess
(1994) 75 1% X I WF 52 B, ARG AR B R R
FET &, A M4 Shannon-Wiener 45 £ R 2508 1
S AEL0 m x 10 mF30 m x 30 mf) R [X /] 4
R . 55980 LA b DL K2 Pasoh A 1 - % A F )
YRR RIE IS AR B R IR 22, IX IR AT RE 2 S8
MR M A R AR ZE R R R Z —. It
bR BT, AN [F HUORE =5 [ RO R, Shannon-
Wiener 48 20 5 A5 45 K (1) 25 (B A8 5, 1 Simpson 4§ £
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LjPieloudy) &) FE 8 21 & ¥ 8/ . 1X 5 Shannon-
Wiener $5 % A1 Simpson 48 $0 B & B % i H 5%,
Shannon-Wiener 45 £t 5 ¥) #h £ & FE 1 % R I A #
Y1, 10 Simpson $& £ W % $ 57 FE 5O~ §UR (5 597
& 1995; VRS, 2011).

SR, ASC NS (8] REE ) J2 1 EER BT 174
T Z L )22 (8] o3 A A SR, AHJR XS T X Fh AR A 78
IR LENLEAA REdEAT SRR B 400, B an AR5
JoT A S AART DA S AE 22 R AR S b 5 e W e ) = () 4y
Ao WFERISISFEHIIE BN E AR, B FEHI20 m x
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