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Abstract: Medicinal root plants often produce a continuous crop obstacle due to allelopathy during cultivation.
Apocynaceae plants are important medicinal plants belonging to tropical flora. Allelopathy is one of the ma-
jor causes of density dependence. To explore whether density dependence likely exists in root type medicinal
plants under natural conditions, we analyzed the species distribution and spatial intraspecific and interspecific
correlations of two root medicinal plants of Apocynaceae (Alstonia rostrata and Tabernaemontana bufalina),
using a point pattern analysis of pair correlation function Ripley’s g(r) method with complete spatial ran-
domness (CSR) and heterogeneous Poisson (HP). The impacts of topographic factors on the distributions of
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the two species were analyzed using a Berman-test. Results showed that the spatial patterns of the A. rostrata
and T. bufalina were mainly aggregated at 0—100 m scales, while the former’s spatial pattern was still aggre-
gated and the latter became a random pattern within this scale. The spatial patterns of A. rostrata and T. bu-
falina changed similarly with increases in age stage, as young and middle-aged trees showed aggregated dis-
tributions within a larger scale, while adult trees became randomly or uniformly distributed. The spatial asso-
ciation between different age classes individuals of A. rostrata showed that the relationship between young
and middle-aged trees was positively associated at the small scale, while it was negatively associated be-
tween young and adult trees, and there was no association between middle-aged and adult trees. Positive as-
sociations were found between different age classes individuals of T. bufalina within the larger scale (0-65
m), which indicated that different DBH class individuals were consistent with environmental selection.
Interspecific associations between A. rostrata and T. bufalina showed positive associations at 0—49 m scale.
The spatial association between middle-aged, adult trees of A. rostrata and similarly aged trees of T. bufalina
showed no significant correlation, while obvious positive spatial correlation was found between young trees
of these two species. Significant positive correlation was found between young trees of these two species and
elevation and convexity. We also found significant positive correlations between convex and middle-aged
trees of these two species, while only adult trees of A. rostrata showed positive correlation with the degree of
slope. We inferred that environmental heterogeneity and diffusional limitation played important roles in the
formation of current spatial patterns of woody Apocynaceae in the tropical montane rainforest of Jian-
fengling, while compared to T. bufalina, density dependence plays a more significant impact on the spatial
patterns of A. rostrata.
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Table 1 Number of Alstonia rostrata and Tabernaemontana bufalina with different ages in the 60 ha forest dynamics plot in Jian-

fengling, Hainan Island.

R Tree species 1 Young trees (%)

RSB Middle-aged trees (%)

BUAERT Adult trees (%) A3 Total (%)

Z4 Alstonia rostrata 1,098 (56.25) 296 (15.16) 558 (28.59) 1,952 (100)
REM T AL Tabernaemontana bufalina 2,459 (74.05) 751 (22.61) 111 (3.34) 3,321 (100)




1068 4 ¥ £ # 1 Biodiversity Science $25%
B R HIAE T. bufalina
600 600

e 500 g 500

= <

£ 400 E 400

z %

S 300 F S 300

2 3

2 00} < 200

#, 200 =

£ 100 B 100

0, 1 1 1 1 0 . - i 1
0 200 400 600 800 1000 0 200 400 600 800 1000
Pi—7< West—East (m) Pi—7% West—East (m)

Ell SERAXRIFILE0 hafR REn TS HEMIEE It P Z AR FIREBER T SR BRI HE. A GF; O Pk, e BFEH.
Fig. 1 Scatter distribution patterns of Alstonia rostrata and Tabernaemontana bufalina with different ages in the 60 ha forest dy-

namics plot in Jianfengling, Hainan Island. A Young trees; (0 Middle-aged trees; @ Adult trees.
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Fig. 2 Point pattern analysis of Alstonia rostrata and Tabernaemontana bufalina with different ages in the 60 ha forest dynamics
plot in Jianfengling, Hainan Island. (T), (Y), (M), (A) represent the total, young trees, middle-aged trees and adult trees, respectively.
Solid lines are pair-correlation functions, and dotted lines are 99% confidence envelopes. Null models: complete spatial randomness
(CSR) model and Heterogeneous Poission (HP) model with sigma = 15 m.
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Fig. 3 Spatial association of intraspecific individuals of Alstonia rostrata and Tabernaemontana bufalina with different ages in the
60 ha forest dynamics plot in Jianfengling, Hainan Island. (T), (Y), (M), (A) represent the total, young trees, middle-aged trees and
adult trees, respectively. Solid lines are pair-correlation functions, and dotted lines are 99% confidence envelopes. Null model: com-

plete spatial randomness (CSR) model.
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Table 2 Influences of topographic factors on the distribution of the individuals of Alstonia rostrata and Tabernaemontana bufalina

with different ages in the 60 ha forest dynamics plot in Jianfengling, Hainan Island

I T #4544 Alstonia rostrata REMF{E Tabernaemontana bufalina

Topographic factors Bk g s AR Mk 4k A AR
Total  Young tree Middle-aged tree Adult tree Total  Young tree Middle-aged tree Adult tree

Wi Slope + n n + n n n n

W§k Elevation + + n n + + n n

M™% Convex + + + n 4 n + ,

HRR B3 B nf QRN B3E/EP <0.025.

+, Significant positive correlation; n, Uncorrelated; P < 0.025.

S T TR A ) 50 R e B D B T L
WEEEANB S PRSI KA SR T
FHIEAHSR, e B o A1 B 11 B2 2 IEAR R, T
JRAER R A B 0 AT SRR R R . AR
RIS AT R AR L TRk 225 22 4R i AR S T e AR
PTG, & 73 Al SE REARBIL L — A A 45
IR AT (FRUZ AL 5E, 2015b) FEAHIE T Hh, AR 458 55
XS PAR A RSCEE B R e AN B AR, X AT e e R O 4R
WA FE J00 2 AR 1) A BE | A0 i 1 AR B S o 1k
Xt HL BRI IR o

L LA T AR AR 2 T B —Ah L, e
A AR B AL SRR S A A S (Wright,
2002). FERVNRE L, ZEE0 1 BB AR I
510 A, 35 H gl 23 (A SOOR IR, T AR 76 M 2
FEFRAE PRI BENL AT, SR bl a3 1a]
IESRHR(EI2, 3). T LLHED 3 FE 1) 29 RS FEME 1 748
WS (A& R TR B, TN ARG J 2 AR M AN B &
AR S PSRRI A TG AT K BN,
IR FRENRENR, G 2 B AR M LL R A
FAEAR R PR, PR 2 e A JE ) o 1) Y T B K
SR ) [ A &I MAE L BE ) AT e e R 48
P SRR BEIROGIR . B IR S5 IR R
R, FEARE T R, T A R A A Ak DAAE LR [
AT o T ZRM B RSCEE A 5 L4l R T 2 ) 47 SR K,
M5 HRE R F AR L bl I 2 B R 2% 1) 1E R K,
X AT BE S R O L R0 B A0 A AT RE BE 22 1 02
BRI, T R A AL AR IAE FDIF AN B35, X
4574 Janzen-Connel i % »

24 PV B AR B 3 VR O HP R AR 3 #r, %
TP R B AR S LA T e B S oA, Ho B
FERT22 mI R, TAREE M o 48 S HL it (56
LA FEAEPAE0-31 m R b, HIRERE

70 [ A0 SR AR R L 2 B8 B R (112), IX R AT R %2
R 2 . B BRI R R R AR TS A Sk
BERRE)— e Ja N, AT pe SR8 o0 A o T Fol
+ B AL 75 T7 SRR Foh I Ja 1 bR 2 0 2 5 i M 1
P HOL R, FEmgm AR, —REE %
oM DR SR T J2 R A R Fh - 1 RE T BE 5,
TR S 46 2 o8 15 (Wang et al, 2010) . 275 1 4 162
FERZR A, H IR E 2R 102000507, Fh
T, BZ MR H et E 5 5o B A
M ZEW A2 R T-10-30 mMRZ T ARMFh, BN E
ZRIFTEZ, BT T, Piumiis m oz
Fo XTLEAT L, ZEEM ELIRTE A0 AL Rl T AL FE e
JIHE R, FERRIEEITE T, MR AR N R B
(1) SRS LU 0 28 B K

R EFTR, AR 3 HPR ) ER 5 e 7 48
RIS TE A 446 23 (R A SR T B, 17 EH AR S A FH 7
AT B A A B0 R AR B UE B 5 AT SR 1 A
5 1) 200 06T 78 B 75 [R) S BR) 2 M) B o 9 85 4 o
FEEE D35 o 7 H R i A0 35 82 A1) 20 0 2 A A S 85 o)
ARG R s i R AL 5 H AR VE R O, X B
PR FE b AR 150 B )R A v 2R e 8 FH R S0 I 400 o 4
ik R, X550 5201 5a) I 4518 — 3.

gl Rt KA Eit AAE I T A 5004458
EARMFN A, Rk K a[E T Yk,
FAK B HI, FURSIHR. KL BT, HE
6@ R R FREAEFRIIF, R R, ARkHK. §E
B, B EE. AR F A RIBR AT ITAL T IR
TRA X FAdF o, kT RAH!

SE

Chen Y, Wang T, Li PK, Yao CL, Yuan ZL, Ye YZ (2016)



510

AT AE VA i SR U U LL R AR 2 SR AT B A 1) 22 R 2 Ak Sy 55 R B 1073

Community characteristics and spatial distribution of domi-
nant tree species in a deciduous broad-leaved forest of
Muzhaling, Henan, China. Chinese Journal of Plant Eco-
logy, 40, 1179-1188. (in Chinese with English abstract) [[¥:
=, FE, B, kT, RAE R, MK (2016)
P AL T 7 v - o P RV AR5 I L 2 T AR 2 1) 3 A
¥ ). PR FR, 40, 1179-1188.]

Condit R (1998) Tropical Forest Census Plots: Methods and
Results from Barro Colorado Island, Panama and A Compa-
rison with Other Plots. Springer-Verlag, Berlin.

Connell JH (1971) On the role of natural enemies in preventing
competitive exclusion in some marine animals and in rain
forest trees. Dynamics of Populations, 86, 298-312.

Diggle PJ (2003) Statistical Analysis of Spatial Point Patterns,
2nd edn. Hodder Education Publishers, London.

Guo YL, Wang B, Xiang WS, Ding T, Lu SH, Huang FZ, Li
DX, Wen SJ, He YL, Li XK (2015a) Dynamics of den-
sity-dependent effects of tree species in a 15 ha seasonal rain
forest plot in northern tropical karst in Nonggang, Guangxi,
southern China. Chinese Science Bulletin, 60, 1602-1611.
(in Chinese) [#RIZ57, FxK, MIEE, T¥, ik, BHE
WH, A, GRS, sk, 2203 (2015b) 5 e
FrE T PE AR 1S hatf b % B ) 29 082 40 . Rl A,
60, 1602—1611.]

Guo YL, Wang B, Xiang WS, Ding T, Lu SH, Huang YS,
Huang FZ, Li DX, Li XK (2015b) Spatial distribution of tree
species in a tropical karst seasonal rainforest in Nonggang,
Guangxi, southern China. Biodiversity Science, 23,
183-191. (in Chinese with English abstract) [FRIZ37, T 3K,
mTRAE, T, BEME, STaTis, BT, A, Bk

B (2015a) 714 7% i AL R e ST 2 7 M W AR U
Tl 25 [A) S SR AT, A2 R, 23, 183-191.]

GuoYL, Lu JM, Franklin SB, Wang QG, Xu YZ, Zhang KH,
Bao DC, Qiao XJ, Huang HD, Lu ZJ, Jiang MX (2013) Spa-
tial distribution of tree species in a species-rich subtropical
mountain forest in central China. Canadian Journal of Forest
Research, 43, 826-835.

Huang MC, Shi YC, Wei X, Wu LF, Wu RH, Pan ZP, Cao HL
(2013) Point pattern analysis of rare and endangered plant
Camellia nitidissima Chi. Chinese Journal of Ecology, 32,
1127-1134. (in Chinese with English abstract) [3¢ B4, 52
I, HE, RATT, REE, ETF, EHEE (2013)
2B EY SR R, EEIARE, 32,
1127-1134.]

Illian J, Penttinen A, Stoyan H, Stoyan D (2008) Statistical
Analysis and Modelling of Spatial Point Patterns. John
Wiley & Sons, London.

Jiang YX, Lu JP (1991) Tropical Forest Ecosystem of Jianfe-
ngling, Hainan Island, China. Science Press, Beijing. (in
Chinese) [¥4A %5, fRE (1991) v g B 1 AR U IS B4
WS RS BR A, b5t

Li HT (1995) Introduction to studies of the pattern of plant
population. Chinese Bulletin of Botany, 12(2), 19-26. (in

Chinese) [ZFifFi% (1995) HMFNE T A b 5 BF FE RO
TR, 12(2), 19-26.]

Li YD, Chen BF, Zhou GY (2002) Research and Conservation
of Tropical Forest and the Biodiversity—A Special Refer-
ence to Hainan Island, China. China Forestry Publishing
House, Beijing. (in Chinese) [ZEE 8, BRI, i
(2002) +h [H ¥ i BT AR AR S AR 2 AR R T AL
S RIESE SV 4R RY S |

Li YD, Xu H, Luo TS, Chen DX, Lin MX (2012) Data Set of
China Ecosystem Positioning Observation and Research,
Volume of Forest Ecosystem, Jianfengling, Hainan Station
(Data Set of Biological Species). China Agriculture Press,
Beijing. (in Chinese) [ZRfl, YRR, U617, MRAERE, Ak
BIRR (2012) o [H A= 25 2 G 0 WL 5w e Bt 4k, #x
MAES RS, M REEE (IR EIEE). HER
b A, B3]

Li YP, Xu H, Li YD, Luo TS, Chen DX, Zhou Z, Lin MX,
Yang H (2016) Scale-dependent spatial patterns of species
diversity in the tropical montane rain forest in Jianfengling,
Hainan Island, China. Chinese Journal of Plant Ecology, 40,
861-870. (in Chinese with English abstract) [Z=#{1 1, i,
FEAE, TR, BRAERE, HE, MR, PR (2016)
T P AR U T L b R AR A 22 A5 AP 22 ) 23 A1 ) PR R
FERNL. AR AR, 40, 861-870.]

Liang S, Xu H, LinJY, Li YD, Lin MX (2014) Spatial distribu-
tion pattern of the dominant species Gironniera subaequalis
in tropical montane rainforest of Jianfengling, Hainan Is-
land, China. Chinese Journal of Plant Ecology, 38,
1273-1282. (in Chinese with English abstract) [Z2 3, ¥Fi,
MR NG, AR, WEIER (2014) JRUGEIE HATT L M AR
R L = ol 1 I - = 7 S S (- R 1
1273-1282.]

Long C, Yang XB, Long WX, Li DH (2015) Population struc-
ture and spatial patterns of five Syzygium species in tropical
evergreen monsoon elfin forest, Tongguling. Scientia Silvae
Sinicae, 51(2), 18-27. (in Chinese with English abstract) [ £
8, M/, RSO, ZEARHEE (2015) S04 I 4R
I R P 5 o i A Jo A 420 10 Al 45 ) 2 TR A% JRy . ARl A
2.51(2), 18-27.]

Ma JM, Liang Q, Liu JF, Chen ZF, Zheng SQ (2013) Spatial
distribution pattern of Eurya nectar plant and environmental
factor in Daiyun Mountain. Apiculture of China, 64(4),
26-30. (in Chinese with English abstract) [Zh %M, S,
X &A, BREDS, AHEE (2013) Bz L EEEEY =
B o0 AR K FIRBE R T 78, R E #0lk, 64(4), 26-30.]

Mcintire EJ, Fajardo A (2009) Beyond description: the active
and effective way to infer processes from spatial patterns.
Ecology, 90, 46-56.

Nong Y, Zheng L, Jia HY, Lu LH, Huang DW, Huang BH, Lei
LQ (2015) Community characteristics and spatial distribu-
tion of dominant tree species in a secondary forest of Daqing
Mountains, southwestern Guangxi, China. Biodiversity Sci-
ence, 23, 321-331. (in Chinese with English abstract) [ /&,



1074 4 ¥ % B ¥ Biodiversity Science

0253

M, BUER, AL, WET, W, FIRE (2015)
TR L IRA MR (R R PR AL S 2 B AR 1) 22 1] 73
ik . W2 R, 23, 321-331.]

Ou YD, Su ZY, Li ZK, Lin YH (2011) Effects of topographic
factors on the distribution patterns of ground plants with
different growth forms in montane forests in north Guang-
dong, China. Chinese Journal of Applied Ecology, 22,
1107-1113. (in Chinese with English abstract) [[X 43, i
HFE, B, MOOFE (2011) M AT 5 E AL L AR AR
AN TR A A TR b 2 L) 20 A7 R SR RS IR . S A 2 2 4
22,1107-1113.]

Ripley BD (1976) The second-order analysis of stationary point
processes. Journal of Applied Probability, 13, 255-266.

Wang XG, Ye J, Li BH, Zhang J, Lin F, Hao ZQ (2010) Spatial
distributions of species in an old-growth temperate forest,
northeastern China. Canadian Journal of Forest Research,
40,1011-1019.

Wang TT, Wang Q, Wang HZ, Zhang EH (2012) Autotoxicity
of Angelica sinensis and allelopathy on tested plants. Acta
Agrestia Sinica, 20, 1132-1138. (in Chinese with English
abstract) [E M, £¥, £EE, s5kBEA (2012) HHHA
B A R G0 AN (R4 0 0 A 30 2800 B 3 2 4, 20,
1132-1138.]

Wright SJ (2002) Plant diversity in tropical forests: a review of
mechanisms of species coexistence. Oecologia, 130, 1-14.
Xu H, Li YD, Lin MX, Wu JH, Luo TS, Zhou Z, Chen DX,
Yang H, Li GJ, Liu SR (2015a) Community characteristics
of a 60 ha dynamics plot in the tropical montane rain forest
in Jianfengling, Hainan Island. Biodiversity Science, 23,
192-201. (in Chinese with English abstract) [, 2= &,
MRUTER, REME, B, R, BRERE, R, BT,
XItHER (2015) ¥ RIS s 1L HL T K60 hazli 25 M

FEHLBEVR S5 MIHRAE. A2 K21, 23, 192-201.]

Yamakura T (1995) Topography of a large-scale research plot
established within a tropical rain forest at Lambir, Sarawak.
Tropics, 5, 41-56.

Yang ML, Chen J, Sun M, Zhang DB, Gao K (2016) Antifun-
gal indole alkaloids from Winchia calophylla. Planta
Medica, 82, 712-716.

Zeng QB, Li YD, Chen BF, Wu ZM, Zhou GY (1997) Re-
search and Management of Tropical Forest Ecosystem.
China Forestry Publishing House, Beijing. (in Chinese) [
PRI, ZFRAE, Mo, RAP, Bt (1997) #viii gk
MESRAMALGEH, P EM R, 65

Zhang AH, Gao YG, Xu YH, Lei FJ, Zhang LX (2011) Ad-
vances in studies on allelopathy of medicinal plants in
China. Chinese Traditional and Herbal Drugs, 42,
1885-1890. (in Chinese with English abstract) [7K 524, #l

W, vk, EER, Y (2011) REZHEDNL
AR R, B2, 42, 1885-1890.]

Zhang DB, Yu DG, Sun M, Zhu XX, Yao XJ, Zhou SY (2015)
Ervatamines A-I, anti-inflammatory monoterpenoid indole
alkaloids with diverse skeletons from Ervatamia hainanen-
sis. Journal of Natural Products, 78, 1253—-1261.

Zhang JT (1998) Analysis of spatial point pattern for plant
species. Acta Phytoecologica Sinica, 22, 344-349. (in Chi-
nese with English abstract) [f 4% (1998) HEAFh#E =[]
GRAR I AR R AT, RS AR, 22, 344-349.]

Zhang QJ, Zhang AH, Sun JB, Zhang LX (2012) Advances of
research on allelopathic potencial of terpenoids in plants.
Ecology and Environmental Sciences, 21, 187-193. [5K#k
%, skEH, IMRBE, TKIES (2012) MY R 5
RAE R BT FUE R, ARSI, 21, 187-193.]

Zhang CS, Xie GD, Chen L, Pei S, Fan N (2012) Effects of
topography and tree structure on the distribution patterns of
understory plants in the transitional area between China’s
southern subtropical zone and the northern edge of the
tropical zone. Resources Science, 34, 1232-1239. (in Chi-
nese with English abstract) [5k £, W&, e, 355,
JEIE (2012) M ANTRACSE a0 FAHT AL 25 5 R S A
PR AR AR 23 AT RS, BHIRELS, 34, 1232-1239.]

Zhang XH, An SZ, Wang XR, Xiong ZY (2012) Spatial distri-
bution patterns of Aconitum leucostomum. Acta Agrestia
Sinica, 20, 428-433. (in Chinese with English abstract) [7K
BEE, 2, ERH, I (2012) AW AEE
[ AT RIS 9T, FHLEAR, 20, 428-433.]

Zhu Y (2009) The prevalence of density dependence in
Gutianshan subtropical evergreen broadleaved forest, China.
PhD dissertation, Institute of Botany, Chinese Academy of
Sciences, Beijing. (in Chinese with English abstract) [
(2009) iy FH 1Ly T #afy  2a fi) Prb 4 R ol 40 5k 2 A 9
A S, P EREBAEAT T, Aba]

Zhu Y, Bai F, Liu HF, Li WC, Li L, Li GQ, Wang SZ, Sang
WG (2011) Population distribution patterns and interspecific
spatial associations in warm temperate secondary forests,
Beijing. Biodiversity Science, 19, 252-259. (in Chinese with
English abstract) [fii€, HWL, XN, 08, &5, &
FoRE, WG, FHEE (2011) JLRtBRIR KA
A Je SR ) 2 (R DG Bk, A2 PR, 19, 252-259.]

Zhu Y, Getzin S, Wiegand T, Ren HB, Ma KP (2013) The rela-
tive importance of Janzen-Connell effects in influencing the
spatial patterns at the Gutianshan subtropical forest. PLoS
ONE, 8(9), e74560.

GiiEgmZe: T4im UMM HER)





