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Effects of Topographic Heterogeneity on Community Structure and Diversity of
Woody Plants in Jianfengling Tropical Montane Rainforest
Wang Jiaming' Xu Han' Li Yide' Lin Mingxian’® Zhou Zhang' Luo Tushou' Chen Dexiang'
(1. Research Institute of Tropical Forestry, CAF  Guangzhou 510520
2. Experimental Station of Research Institute of Tropical Forestry, CAF  Ledong 572542)
Abstract ; [ Objective] To further explore the species coexistence mechanisms in tropical mountain rainforest, we
compared differences in species composition and population characteristics in different topographic conditions, and

assessed topographic associations with species diversity. [ Method]The 60 hm’® tropical montane rainforest in Jianfengling
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of Hainan Province containing trees (DBH =1 cm) of 290 woody species as a large plot was classified into different
topographic types according to their elevations, convexities and slopes of each of the 20 m X20 m sample plots by fuzzy
C-mean clustering. community composition, species abundance, and individual density among different topographic
conditions were compared. Using Torus-translation tests, we examined the association between micro-topography and
species for 230 woody species each with more than 60 plants with a DBH=1 cm in the plot. [ Results] All sample plots of
Jianfengling plot could be unambiguously assigned to one of the four topography categories, lower valley (12.6 hm’, 274
species ) , steep slope (16.68 hm®, 269 species) , upper valley (15.08 hm’, 264 species) and ridge (15.64 hm®, 267
species). By comparing species-area relationships among these four topographies, the number of species in the lower
valley was the largest. But there was little difference among other three topographies, because the numbers of species of
them fell within the expected values of the steep slope +1.96 XSE. By comparing the cumulative species-individual
relationships among these four topographies, the cumulative rate of the lower valley was the largest and it was the least of
the ridge. But there was little difference between the steep slope and the lower valley, because the numbers of species of
them fell within the significance interval of the expected values of steep slope *=1.96 XSE. The upper valley had the
largest average DBH, followed by the steep slope, whereas the lower valley had the least average DBH. And the average
DBH of the ridge was equal to that of the whole plot. The ridge had the highest density, followed by the upper valley. The
density of the tree community of the upper valley was lower than that of the lower valley, when the average DBH<10 cm.
When the average DBH=10 cm, it was inverse. For the proportion of different DBH sizes, the upper valley > the steep
slope > the ridge > the lower valley when the average DBH=30 c¢m, and the lower valley > the upper valley > the
steep slope > the ridge when the average DBH =50 c¢m. Of the lower valley type, Gironniera subaequalis, Blastus
cochinchinensis, and Livistona saribus were the most dominant species, while of the other three topographies Livistona
saribus, Gironniera subaequalis, and Crypcarya chinensis were the most dominant species. 203 (88.3% of all) of 230
common species showed significant associations with the topographies, which is relatively higher than other large plots in
the world. We used the mean of species negatively associated with one of the four topographies divided by the examined
230 species to assess the effects of topography. The extent that species-topography associations contributed to species
coexistence was 23. 7% . [ Conclusion] We found that community structure, species diversity and species-topography
associations were different among 4 topographies in the 60 hm® plot in Jianfengling. Topography was one of the important
environmental factors that determined species distribution in the plot, although light, moisture and soil condition may also
have played roles. This study indicated that the species in Jianfengling plot had strong differentiation of micro-topographic
niche. Topographic heterogeneity had important contribution to maintaining species diversity in this tropical montane
rainforest. This study also provided guidance to choose different species combinations in different topographies when
restoring tropical mountain rainforest, rebuilding or constructing mixed forests, according to the species-topography
associations.
Key words: tropical montane rainforest; topography; species distribution; Torus-translation test; habitat associations of

woody plants; topographic heterogeneity; species coexistence
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groups of the 60 hm? big sample plot
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Tab.1 Characteristic and sample plot number of four topographies
Y %14 Yok LIFAY; 3 IR (E BOE B (H Y B 24 BE M5
Topography Elevation/ Slope/  Convexity/ Mean elevation/ Mean slope/ Mean convexity/ Sample plot number

m (°) m m (°) m
{3k 1 4% Lower valley 894. 47 19. 41 -1.19 892.26 £15.11 18.24 +6.94 -1.35+£1.94 315
BEYE Steep slope 918. 44 27.75 0.59 916.45 +13.63 28.51 +5.80 0.93 +1.73 417
BRI 4 Upper valley 948.56  25.54 -1.17 949.75 +14.71 25.13 £7.35 -1.88 £1.50 377
111 Ridge 968.30  25.70 2.08 970.03 +17. 39 25.46 £7.26 2.37£1.58 391

F 4 I B R BB 2 B 2 AR AL S #6147 € - Y(E 28 b JE R 52 b 2 b0y The values of elevation, slope, and convexity with

a standardized deviation were clusterec

1 by fuzzy C-mean clustering and then reverted to the actual value of cluster centers.

£2 AXMBOHERESERTE'

Tab.2 Species richness and tree density in four topographies

28 PN R 300 45 B 3¢ RO I

Parameter Big sample plot Lower valley Steep slope Upper valley Ridge

M f Area/hm? 60 12. 6 16. 68 15. 08 15. 64
& J# Abundance 290 274 269 264 267

SEH Mg 42 Average DBH/em 5.22 4.93 5.28 5.38 5.22

H KA KK % B Overall density/ (individual+hm ~2) 7 327 6 551 7 721 6 079 8 734

I %% Grade 1 /(individual-hm %) 5 602 5145 5879 4 652 6 592

I %% Grade 11/ (individual-hm %) 813 667 858 633 1 055
M %% Grade M/ (individual-hm =) 510 406 550 424 635
IV 4% Grade IV/(individual-hm ~%) 208 165 226 187 245
V %% Grade V/ (individual-hm ~?) 100 85 111 94 107
VI%% Grade VI/ (individual+-hm ~%) 49 39 52 49 53
V%% Grade VI/(individual-hm ~%) 44 45 46 40 47

@ I,0,I,V,V, VIAILGARER»ZERT~5,5~10,10 ~20,20 ~30,30 ~40,40 ~50 F1=50 cm (WAEHKE . Grade 1, I, II,
IV, V, VI, and VI represent tree density at 1 -5, 5 -10, 10 =20, 20 -30, 30 =40, 40 =50, and =50 ¢cm DBH, respectively.
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(the dotted lines indicated the expected values +1.96 x SE)
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Fig. 3
(the dotted lines indicated the expected values +1.96 x SE)
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Y&k B B ( Gironniera subaequalis ) . ¥ $i K
( Blastus cochinchinesis ) Fll K M 7 2% ( Livistona
saribus ) , JUHZMIPL A B ZAEHRTESS 2 {7, A0 X%
FEHETESS 1A, HoAth 3 28I b 2 S e KA i 3
AN A 1 S RS 2E | R REE SE A ( Cryptocarya
chinensis) o I 4K 16 4% 15 5 1 35008 45 v B B
KRETHT 10 SFhA 9 AR, BT 2 2890 45 e 1
A BN — B BERS A P R A R R AT 10
ANYIFA 9 ASARTE , Uh B BE S 5 1L R VR SRR
—2.

R3 KEMEEMERERRE/RE S S BRI

Tab.3 Percentage of trees in different DBH classes to total number of trees in the big sample plot and four topographies %

i) 4 % KA itz R (7373 R AR ik
DBH class/cm Big sample plot Lower valley Steep slope Upper valley Ridge
1~5 76. 46 78.53 76. 14 76.53 75.47
5~10 11.09 10.18 11.11 10. 41 12.08

10 ~20 6.97 6.20 7.13 6.97 7.27

20 ~30 2.84 2.52 2.93 3.08 2.81

30 ~40 1.37 1.29 1.44 1.55 1.22
40 ~50 0. 67 0. 60 0. 67 0. 81 0. 61
=50 0. 61 0. 68 0.59 0. 65 0.54
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Tab. 4

Importance values of the top ten dominant species in the four topographies

HYAH

g Y
. Importance
Topography Species
value

AR X I g5 B T AR
Relative basal area
at the breast height

X 2 B
Relative
density

AR A3 2
Relative
frequency

LB Gironniera subaequalis
MI$i A Blastus cochinchinesis
K3 2% Livistona saribus

AR I HE Pinanga baviensis

JE 5 Cryptocarya chinensis

w
[\S]

AR VA 45

Lower valley

ey

& = HEAE Prismatomeris tetrandra
1 7 1 Nephelium topengii

i) Alseodaphne hainanensis

i 7 H A Altingia obovata

JLAT Psychotria asiatica

I SRS I S
O O O L U N N X X©
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Torus % A5 46 25 R 32 W], 230 A4 WLy A (i
SEARRECH > 60) 1 4 2P o 36 A2 920 A
KRR REMELRKR P, H 203 MR AT
420 I EHISCOE AR (P <0.05) , Horf g 35 1R AR G
202 >, B MK 218 A, e F Z, 203 YA
A5 1 RMWIL AR FEMKE (P <0.05) ,F T
2T AR IR S 4 K HOIP AT — 26 2 E M

Ko MIAEIX 27 AW Fp 5 5¢ HE il 57 AE Bk B0 HE B
%, 0 12 238 #k; JUTT H K, 12 0248k KA
W HR ( Helicia longipetiolata ) W 40 & >~ 2 500 ¥k, J&
TH3 AL, MR REERY, 54 KHIP B #E MK
4 T B O T) o A T AR O B A I 45 2R b &
WA > BEY > I1F > RIS A5 12 fRAHC
BRI 45 R b BESE > 1LE > S iSRS > IRTE
WA (K 4) . 535, 552K IE IEAH /¥ A
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T A Xk 20 U I A L) T AR A A 00 A 5 5 4 B 28 P 1R 52 ) 7

IS 58 4 5 Ho At H B B70ME O, DK ER 43 4 o At
b RYRH OC Pk 2R B PR OF AR 58 A R R H A 3 26
¥ o

4 P EE ZEAE AT 10 Y A 15 i,
S IE A SCPE DL 3% 5 SRS HE U B EE A R L
54 BHIE P AT AT — 2K TR W F A (P >0.05),
A, LR AR 5 I 3R VA A R R A 2 R LR B
FHIEAMK(P <0.05) , KAy R {05 1 K0P B
FHIEAL(P<0.05),
3.3 YMitEEXESYMEE

RIS 60 hm® JCAE M 15 % g &mﬁ&w&
o TEE R I A R0 L AR G I W Fh g o3 R 83
44 172, LIS 4 *Hﬁﬁﬁﬁ*ﬁa‘éé@%ﬁ%i@%&ﬁ%ﬁ
G0 4 A SO B A9 3R R S R M Tk R, R B
60 hm”® JCREH b I S 54k Xk 4 B o A 5 7 G
TTRR RN 23.7%
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PyFh ¥ Number of species
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O 3 3% IEMI 2K Significantly positive associations
@ 3 2 iM% Significantly negative associations
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4 54 RHE B M PRI
Fig.4 Number of species significantly associated with

each of four topographies
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Tab.5 Fifteen species associated with four topographies

YFP Species {3 7 4% Lower valley 113 Steep slope BRI 4 Upper valley 118 Ridge
H B Gironniera subaequalis 0 0 0 +
MI$Hi A Blastus cochinchinesis + 0 _ 0
K32 Livistona saribus - 0 0 +
AR L BEHE Pinanga baviensis + _ + _
JEFEH: Cryptocarya chinensis 0 0 0 0
VU = ff 4 Prismatomeris tetrandra + 0 0 _
WA T Nephelium topengii 0 0 0 +
WS} Alseodaphne hainanensis - 0 0 0
W B Altingia obovata 0 0 0 0
JUAY Psychotria asiatica 0 0 0 0
ZLH Lithocarpus fenzelianus - + 0 0
7R 17 35A Beilschmiedia tungfangensis - 0 + _
TR KT Neolitsea ellipsoidea - 0 + 0
% M4 Xanthophyllum hainanense - 0 + -
Wi LI AR Madhuca hainanensis 0 + _

D+ .- MO MERYAAE0.05 K FS5HEREEMHE BFEAMLE. LR EMAE, +, -, and 0 indicates significantly positive ,

negative association and no significant association at level of 0. 05, respectively.

4 g

4.1 AEMFEFZEEEMYMARER

T 08 43 T AR B/ Wb e, 2 T
LT S5 1N PR R R A R 2 AR fig
N Z R R A E R R AR AL (b 0, 2013),
18592 A B8 BAH 5C 10 W P B &2, 3R WD EL AR A Y
Vi g b, B 3K 08 A8 R PR B R BN X
T 1) AREESE A M AR, KR R 2 5 T8 R
PR LN K X A 1 N T T S o 7/ o e
[f] ( Daws et al., 2002 ; Punchi-Manage et al., 2013 ) ;

2) RHEEEAMEE, ME T YA K (S,
2016) 5 3) SGIRZ RS MY RS 2O G AL
i 4 B B 1) o] BE 8 F At M B ( Korner, 2007 ; ¥ HY
45, 2014; 2016) , I I $h V8 4% B K L0 M) K A%
ZAE#k (DBH =50 em) By, 3 2% T 26
MBS IR ST Ry =, B A2 /MR R B T P, TR
Az 358 v B A FAR A L 5] He At A B R, PR T A
FRE 2 A5 78 4 28I Hhde/

o T AR A N AR R T 24 I AR e O, T R D R
LHUIE NIRRTy, BV 850 D TR TS 3500
A, M6 IR 25 O TR M 4Kk 8 4% (Korer, 2007 5 #
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WS, 2014), 88 N, P K & &5 & (V7 45,
2015b) o BEUAAE bR %5 B dee /N, R DR SR R AR A Bk L
(DN £ S = il = N e 7 R B N DG P
YOG IR 1 KR IR AL R R A E .

P T P LU b R AR SR X, 7K 43 A R A
VRAEAE T8 23 I N O R 2 B R H T (E A6
4, 2010) o Ll R PR B A AR UCRR B K, i R X
MBI NG BB AR TE R, LI M 10 B Ak, AT
KT AR AEAF R

BE 9 45 42 GAE bk 3 Rt U 2 KT 2 2R 4 M
& , LA BE 3 BH A= 4% B B8 & (Hoover et al., 20125
Lin et al., 2012) , 3B 7E 2R 06104 60 hm® KB b %
AT B 2 5 WA AEL ) o0 A6 B9 05— A IR B IR 7

e — TR 4R W L R R B, W] R R
PR 2 L R A 05 S I e 5, A B R s K
S ANERSERE YA FIE B WAl R, LI
FE AL /D (Jiao et al., 2009; JhFER 45, 2004) , 0
TR B A R /D U I R N R T B A
T =F & B IR BT O B 4%

VFWAAE (2015b) £E 1% K AL P i i 58 & B, A
S ) 2 ] o3 A 5 HEA AR IR R 4G R B A
K, Ty A — Ly Rl (AN pE AR ) (4 2 8] 43 A oL oF- 52
HA I Z 0, X R PRI 60 hm® KAE 1
HE AT Rl 2 5 e FLAE 4 43 A 0 BR i M SR B R 2 —,
IKIATE IR |+ HEAE 2R BT R IR R & T AR
4.2 HihARAKREY S ERNXBYE

TEHU I - 3 A B %2 55 BCT 50 hm® KA Hi
(M3 22 38 m) 1, Harms 5§ (2001 ) F| A} Torus %
W 5, 2 B 64% ()% WD 205 1 8 M B A7 7F
FEMIK . TEWEI R 221K 151 m B3 B 22 K 25 hm?
Sinharaja ¥, [F)#£ 38 i3 Torus ¥4 {46 46, & L 79%
AP 2/ 1 MR AR A AR OG . TEHE & ¢
Ay FET L 24 hm® Bf (V3K 5 2534 268 m) VLI
(2008 ) F| F Torus ¥4 ¥k 56 , & P 83. 3% 1y & W,
P AR EMX, EASE2011) Z8E LH
5 hm* B4 (W 4K 22 123 m) 1 ,39% B4 Fh 5 B
TEAE ARG o LAk S RE 1 (0 B 45 14, W] LR
Y # 2% ,  Fl 5 R O B EE 9 K [R) R R
b T AR R RE 23 52 1 ) o A B8 G I I AR T

AHIFFE I Torus i 4 46 5 2 X4 S 141y 60 hm
FEHL P B 42 =1 em 900 57 0 BE B A AR K F 60
(P 5 1R Y A DG M R AT RS 50, R BB R 50 Y
230 A~ Aeh S HUE AR SC R Y R A 203 A B R GRS
88.3% MM 5 =/ 1 MU AF /e WM, R
A3 W U BE ML B U R 25 Ll L RE N, 5

Sinharaja , Lambir #4124, FFAE LT S5 (4 e &2 24 1Y)
FE b, B ) Flr 55 b AH G LG A9 50 R T Al A el 32 2
Ji PRI AT BB 2 R DA I A 1 B A B R Ry TE AR, PR A
ORI HIE . RLHRE VR B T RUIA AR, 5 AR AR
ARG, W b 28 5 B I [] 1) PR 5 3 7, A4 A6 o3 A B
JnBH & ( Letcher et al., 2012 ; Jiao et al., 2012) , A H]
Yl s 2 WA A T 4% A A R 25 rh X S 8
Yy 5 40 I HA s A S

Torus 4 A5 50 72 2 0 PR ~F 19 W) o A= 58 5 1B
K646 77 , T LA W DR 3 A WA W RS 11 b R A R
) LR R, BAT B AR 8 A S A A AR
4.3 YMMEXEREMFHLE

Harms 25 (2001 ) Ay U0 SR HE 1y b 5 8 28 A= 355 1
ARG ARERZ I T AN BEAE 124 B2 b K AR A7 IR A G
P AR Y M e I R B P K AR A, BT
I, Harms 1A}y BCI A% 3 rh 55 8 3% (swamp ) 2E 58 1
AHOCHY ) b B AR e 2, (H 4 BCT R M AL |y i 3
(swamp ) A= 358 21 Ji, A 7 W) 7ot il 20 0 o5 i 4G )
ol SR O A ZDAR /DN DRI A 45 S 5 Pk 6F BCT A
Yy o 22 R 2 355 19 STRR R AR /I o I LL (2008 ) 4
S SR FH A5 2 358 B0 AH DG 10 - 249 400 7 80 o5 4G D00 400 R A
B0 A DAL Tt LA P ) o A 35 DG 10X 4
SEAE (0 TR, DA i B AL 24 h S e st S Y
A 358 S PR R ) b A B BT 19. 6%

ARG R TRIRE J7 3% , % BRAQUE A 60 hm” K
by b I 5 B0 A B8 S BV W R 40 A 5 A SR
A 23. 7% , LW I WG A 1l v i T 2 52 i AEL )
SIARE—DEERR, RI(2014) HFFTIZ KA HL 3
A F B A [ 3T, W AR T AR A, A
WF5E 45 0 W AE B AT N R AR A, A0 7e 4 52 AT 1 3 /i
AR A3 i A TR S PR IR, T AR 40 A [ 4 Ao o
T 04 SC IV, 76N [R) B ML TR 2% 10 T S B R W] 6 )
& o

B2 i TAWF AL vh K25 & T b IE PR X
Yy Fef o3 A B9, R BEARRAG T AR 55 S o A B R
AR RPET . SR O IR 43 K o 4 H A A BE
PR 7, A 25 0 B BV B B 4 b e R ) o ) A AL
filo B, T — 058 AT LAk SR RO IR K4+
38 25 Al 85 DR X R 0 o 4 (8] 23 A B S ) o

5 45
AW FT DAL TE K 28 0 28, X $0HT L 7R AR OR
AL W T 2 RE P B 4 55 HL R E AT TS L R AR I

I 60 hm® S v R[] b T 5% 1F R AR 2 1 9
SR RO ZREME BAT BOR 22 5,4 e B 3 A R
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e FAHS L1 TR ARA AR A 0 A 9 45 4 B 22 R 19 5 T 9

A R U] AN TR o B R R R I R L P A ) o)
Ay B — AN E A B, H AR B8 S o Xk A A oy A 5 3t
AR TTHR R 23. 7% , 5 HAD S mi R 3R 40 D B K
o AR R BRI N LR A AR . R AR
A L1 R AR AR RO v B AT AR SR R AR B R, AR T T
S5 R FRE R L 6, a0 7E R S AR L T AR
B s Y TR S AR, AT AR i 0 b 5 T 1
KRN, TEA TR BT 2600 T s AR R P AP AL
S R AT AT T B, LLGA B BEOR A AR S K A PN 4
s €
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