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Abstract

Aims We explored a and B species diversity, functional diversity and phylogenetic diversity distribution patterns
in three tropical cloud forests along environmental gradients in air temperature and precipitation.

Methods We sampled plots in three tropical cloud forests which are located in the west (Bawangling, 21 plots,
BWL), the southwest (Jianfengling, 12 plots, JFL), and the central of Hainan Island (Limushan, 15 plots, LMS).
We collected species data and functional trait data including plant height, specific leaf area, chlorophyll content,
leaf thickness and wood density. We assessed the differences within- and among-community species diversity,
functional diversity and phylogenetic diversity in these three tropical cloud forests using the Kruskal-Wallis test.
Important findings The tropical cloud forests in JFL had the highest species abundance and richness whereas
the lowest in LMS. However, the Bray-Curtis and Jaccard dissimilarity coefficients showed the opposite distribu-
tion patterns (i.e. the highest in LMS whereas the lowest in BWL). Distinct distribution patterns in species diver-
sity across the three tropical cloud forests may be explained by the air temperature and relative humidity. The
functional evenness (FEve) within communities was the highest while functional richness (FRic), Rao’s quadratic
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entropy (RaoQ) and the mean pairwise trait distance among communities were the lowest in JFL, indicating that
habitat filtering plays an important role in community assembly. BWL had the highest RaoQ and mean pairwise
trait distance among communities, and the lowest FEve, which demonstrated that limiting similarity would be
prevalent in forest communities assembled. LMS had the highest FRic within communities and mean nearest trait
distance among communities, leading to a limiting similarity influencing forest communities. BWL had the high-
est Faith phylogenetic diversity (PD) within communities and mean nearest phylogenetic distance among commu-
nities, reflecting an overdispersed pattern in phylogenetic structures. LMS had the lowest PD and mean pairwise
phylogenetic distance within and among communities, suggesting that a clustered pattern in phylogenetic struc-
tures. The mean pairwise phylogenetic distance within and across communities were the highest in JFL while the
mean nearest phylogenetic distance within communities was the lowest, indicating that phylogenetic clustering
and overdispersion patterns co-occur in this forest. We conclude that both plant species interactions and environ-
mental filtering determine the distribution patterns of plant species diversity, functional diversity and phylogenetic
diversity both within and among three tropical cloud forests in Hainan Island.
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Fig. 1 Distribution of the study sites.
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2 Z%5°% CEPNGHNEE 5= 8 g
=22 B 232 E%R(p < 0.05). HLLF R
€3 2z B AR BT E.
B2 8 Ky 8 Fig. 4 Comparisons in a (A, B, C)
%gg o §§ and B (D, E) functional diversity
= ES200r S =7 among Jianfengling (JFL), Bawang-
=1 = = . .
g #® 3 ling (BWL) and Limushan (LMS).
= = Different low-case letters indicate
145 . : . significant differences among plots
JFL BWL LMS JFL BWL LMS (p < 0.05). Heavy horizontal lines
e indicate median values and dashed
FRMRFEHD Forest plots horizontal lines indicate mean values.
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Table 2 Phylogenetic signal in functional traits in tropical cloud forests in Bawangling, Jianfengling and Limushan

PR Trait i FI% Bawangling ZZBE Limushan 2RUE14 Jianfengling
K p K p K p
TPk Plant height (H) 0.228 0.114 0.068 0.014 0.050 0.162
LTI Specific leaf area (SLA) 0.294 0.059 0.098 0.006 0.037 0.282
482 & i Chlorophyll content (Chl) 0.223 0.042 0.225 0.001 0.053 0.073
L Leaf thickness (LTh) 0.255 0.048 0.141 0.001 0.044 0.151
K13 Wood density (WD) 0.358 0.004 0.095 0.014 0.023 0.505

K, lERET.
K, phylogenetic signal.

3 g
31 =AM HEMNTETHNEESHE
EHEFBX

WARAMEZ BE . VP =F & BB AR R /2R
Wiy f K, ZERR LR/ o IX 1T Bt 53R I A 55 4%
HESA R, BT A E R, JRIEIE R 5
A )P R e, B RSO BT ke, B
BRI B AR (B B ), #vily = Z R A 2 =
SRR MM E R (Long et al., 2011b), R R4 #

W S RBERR FE T T B 55, BE BRI R, iR
FEFZM 3N I Fh 2 FEIE S0 AT kg SRy o 3R IX 4
W S5 MRBEVE T, SRS FE I IR P 3 SR IS, 3
FEHR(RL), BRI R ok, Y i
No PRI RIS $y 2= 5 MREF VR TR AR ALK, AR
S R, A 2 AR IR R . ARSI EPereira
£5(2007) BT 9T 285 S — B0, W0Fh 2 1 1 B A 855 e o
IR
AR SRS P REPERT B KT — o8
P ZFEE AR, Mtk |5 R — R MR %
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B2 FEIE 35 B Bray-Curtists %, Jaccardfs ¥(5 7
-4, 1995) . T HEBE I A IR, WIFG T
W LTRSS LR B 22 A ) DT R R B, 4 SR
e . =KX A Bray-Curtistg %, Jaccard#& 50
RS BRER LA L X, SRR A
MR, v nZmh = ZBoKEEE, frs
SRR R 22 R AOK, BRITRE 7 A4 P 4 R 22 S/ 48
K TS UG U4 555 2 06 b Ak ¥ i 178 g 50 60 7 5 3 X
(Ffa LM E2IX), X2 2078 p 2 s, 2508
FEAX /N, ASRIRE T (8] 23 SR B — 2, R
FEJ7 (BT 2 1 25 S 550N o
32 IMETFEMRIEIRIEE Z#EME, BRI
MR IE UL FIZ L INEE A

iR+ & R F Ew|REE A Z0AS
P2 [ R 4, BEE R T PR BT o 48 (1 ) e
AL, HER T D RERFIEAE 1) 75 El (Mouchet et al.,
2010); DifeF & FEALERE B A WA AR TR
WA BRI, CAECER KT (JEls, 2015). DhRES
SIEEAREL AT B VE N BRI R AR, &l S
ULEH BRI 7850 3895), AR IR A R
R, i A 5 A e ) FH 550R) 4520 (Schleuter
etal., 2010). Rao’s —IKJHZx & 1 IhRe = EE A RE
SR K, R AE A AT R B RV 52 3 PR A AR A
(R EEM, 120G D) 2 B A5 0 0o o 9 1) 52 M) B K
IRV s o 5 MBI D) BeF & B L Rao’s /Ul i
i, ORI B fe i, Ud B AR IG IS 3T = 25 MR
T SIS () 5 B K — 4 (SRR h Rl B A
I Th REPEIR (Lohbeck et al., 2012). HHIFIAA
BEE VA E FE 3G N, DhReE B K (Mou-
chet et al., 2010), {HARUEIE Hiy 2= 55 MBI P A 3=
B, IR s B AR, 1X 0] Ae A2 R AR Rl
WREERT D e 8 A — € B (JELH, 2015), S0
VR . IR OK, RS R T IR, AT
YRt 22 REME 3 i (Pereira et al., 2007), {HHF3F
S B SRR, SRV B A [F)3E A R (R ) el
fa g H A7 (Cornwell et al., 2006). Rao’s IR fH7E S I
U g5 /R TR FEBRAIE 73X — 5o 8 TR = B AR
VRao’ s UM B e, T D REYY 5 B A AR, 1 B BR )
FEABATEE X 85 T UR iy = MR R IE A, A2 009
FLE ZLUR A SR ms A 2567 =1 FE 734k (Mason et al.,
2012). ZBRGT = S RBE AN B BERA, H
ANTERE 5 18] (R P Rl 2H R 22 S e R, DhRe=F & F th i

www.plant-ecology.com

ra, UV AR A S ()R FH e v, W e A= 25 A6
SRR, BRAIARBLE AR F T #7347 (Mason et
al., 2012).

T E W & Z AR Dpwik K, J I £ /)N
BRI Z E DN K, BERRAD, 5
Dpw LA —FE RS R . Dpwis If 2 A B
WA FEI R AN AR 8] (T ShRE MR PR B8, 2048
AN R BV )PP LE A Th e MR A b 1) SR Ak
ECFEBE, TDnniHE R — AN VR R M S 5 —
V& 5 JE T R PR IR PR 28 5T 1R 4 ol 1) 1 - 35 3
REPERPE B, & 5 UL R BE IS M) PR TE ThRE PR
{10 o — PR iy 7 A5 P Je 03 SR R R A HORE B2 (Webb et
al., 2008). ZRUEIE AT 2= 25 AR Dpwis /)y, X AJ
ReSe T AE B IR PE L, AQUEIS #4555 MR
TE I ThREPEIR 2 20 4 [R] 44 - Swenson5:(2012) 1 #2
HR AR 35 3 A 2 A [R) — 2B 855 N BV TR) A Th e
RZEREUD, HIBTIReZ FEVERUDN . 5 IR =5
MBEVE I Dpwik K, TiDnntx /s, X A GE -5 #E 7% [A)
WP 2 B oy A A7 AR BUOK 2 7 A K (Swenson et al.,
2012), FlUnAEEIELIHASIANIFIAL 3B, T
BEIE 2R HANYIFA, A8 YIFHBI, X FFh £
1 R 2 DpWIR, (HHAAF/EDNNZE 5. BB L
P = 5 MRBFVE DN K, T RESE BT B TE I
J7 T P 2H RS 2 S die R, 52 ) R ol AR AL A2 1)
) .

33 BIMMEIERXRETAH, BELY
MENERXRETRE, RIEWRNZME L BFRE
ERHIEE

U 2R 2 FE M FR BURE S AN (R 1R B T 4 A
ik MPD 2 HE% H ASW0Fh Rt (8] (17 35 3k Ak R
Al DLAR 4F Hb 2% R B 78 4 Bl i) R AR R AR TR
(Webb, 2000), =& & B & 1% & 2 4 1 0 JE Al 45
#ro MNNDZAE—#F S5 HV& H A H DR LR R
T I — AW ] 1 S B BE B, OBV
Wb ) R B AR . Dpw BRI A [\ 40 25 50T
TR R L SRAERR S, 2/ 8 ST 1
FAHR T R B ZE e, AT AT DLBE G B4 oS B
WAEBI 225 . Dnll Je BRAS [R] 43 2K B G TE B — 4
SEL LR R AR R, A R 2 VR L
RStk B2 S, 48 VA 0 BT IR FH SR e 1 22
5 (Feng et al., 2012).

KHFFE R, IS FIMPDADpwiR K, J Mt
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FEI& PR B SR 20k REBUIE, FETE IS RE5 MM K
[z O N =y N PR PSRN A R N 7 N = N
FEARANK, ARSI 5, 2R IR S 4 4R I s2 e,
FEE RS A AR, PR e TR B R A
YR F FH 5% (Devictor et al., 2010; Helmus & lves,
2012; EAREE, 2014); {HIEIRUEIE I = S5 MRBE TR
VIFHEIMNNDELDS, R T 1% RGN K.
A RE R Rl A AR R U ety = S MR AR M R
P, B THEIRIEN, —SYRhf B0a )
WG RKR, 1R /M LR KRN, R g0
VS FEVE AL T TR AR 58 22 S K, A R TR J7 9 SE AR
YRk 3L A7 (Webb, 2000), [Al 1A UGS #tr 2= 25 AR
T 2R S5 M BEAT RCHICRHIE SO SR AR RHIE

B LI = Z MY FHEIMNNDECK, HiRI )
FhiE ok 206 KRB KEL (HPD&RK, SR EE
IS SR FHEA T — B, UL EE BRI
AL R A8 K. HAT R A2 8 F IR A
W 55 MR B R 5% A P #05 (Long et al., 2013),
AL FE S M (R SR 400 R0z, #Eb K
R, BEVEVE R 50k B (Spasojevic et al., 2014). 1%
R AE 1 e 8 o VR 1] 1 DNnE 34 5 5 5 R i
ANIRVRFAE S i ke, 1 B 52 AR B R T PR RS e, BEVR
BN TR A7 LE R [R) AR 25 SR

B PD . MPD K Dpwi 2 5t /M, 7T RE
TRBE LB = B VR Mg SO R B s, AR AR
W RGRZ SR AR BOR, AN S, £
W (AR E R R, BRI RE5 0 2P0 5
LEFRPIR A (Helmus & Ives, 2012). Z2EF1LIHIPD A7
¥ R rl e 5 HA = FEAH G, B Wb 2H i
% FIPDEL /N, TDnn BT IR FIRFAEAS B &2
34 =EAMMERATZEMNRMERSEREWT
A —E

BB L = F MRS i, 4
FoE. WEE. KM% LS FIRHG = F
VMg AR MR KM R R B
(i RAE 5, XU B Fh AL D 526 A X ey
= EMAED DIRe MR M . 1555 (2014) 7E =
ZE 0 AT H L A R bR R R 0 3 L e T
. Mg RgE, HWEESHAGEEERES,
BATRE AR S 2 — 8. (HHEY Dy aetRKAE #B
/AINTL, B AT BAARE AL ) I ELAIC (R 2), HKAE A%
/N, DRI B 22 S o) Dy RE MR (R R M 0K

FVE P R 8 3 MK EME AR 477

KT, BIIRE ZFEME SIS R ZFEEM AR L
M RIEATE A — 5L, Wl RE A O3 TG = R
HIREMEIRITE R A5 SHESI(K < 1). A& TR
HIhEE IR R A5 5 RN, SRR p it
RILEE TR AR, BRI I R A5 M AT Re i
RS 2B A AR A0 J5 (Swenson et al., 2012),
DAL skt Bk P 35 2% 5 A4) B D) R 1 PR R M 0 v A o
AP 3 L 1) R R W] i 2 5 BI0ES % 1Y) 45 18 (Swen-
son, 2013; #7ii4E,; 2014). HBorDhRetRIF A REE
S AR R () Sz PR A= 47 (Swenson, 2013), 401X
EHC TSN DIREMEAR, X AT RE T 8L 1l R 45 AN
DIRe MR RS S/ A e — 8. Rk, i
DUAS 5] AR 25 2 R BRI A R IO SR, 75 [R5 &
VIR RS M E D REMRE B

K2, T By 3R X Ml 22 R I A TR AR A
B R SIS A O, PRI S W S G U Ty
= EMBER N ThEE 2 Fe i, 1m0 PR AR X 85 E 08
FEERE 1L A1 2= 55 PRBE TR (1) D e 2 FEPE 2 51K
T EUREFIE YA RIS 2 0C RAHX B KL, BBk
HETE RN )T 22 0C R BN SRAR, SR UG08 A7 A
KRBT PMA% JR);  2R 2546 A0 Dh e PR I A2 4k
mATEE B, ELERI AT FRREFH RIS R
SERFI D RPN VR A B 5Em . FRATTHO A TR
W1 7 B Al = S5 KRR VR L) 2 R PR AR A% R AT
e 88 S R ) A BLAE FH A K .
E&MB #daRAFEeelHATANAR
(2016CXTDO003). E % A A #+5 2 4(31260109).
AR AL A4 97 (2013FY111600-3). A d 4 A
RAT 5 I 4 (312064) F ¥ B A 52 [ k94 2 F & R
Bl (XDA05050206).
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