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Abstract: How plants with different sexual systems grow and distribute in the community? Are they influen-
ced by environmental factors? The answer to these questions is helpful to understand how species diversity is
shaped in the plant community. This study summarized the numerical characteristics of sexual systems and
the relationship between the distribution of dioecious plants and the topographical factors. Results showed
that of the 289 woody seed plants recorded in the 60 ha plot, 176 species are bisexual plants and 113 species
are unisexual plants. Of the 113 unisexual species, 51 are monoecious and 62 are dioecious plants. The
abundance of unisexual plants accounts for 36.2% of all individuals recorded in the whole plot. The
dioecious plants account for 21.5% of all individuals recorded and 59.5% of all individuals of unisexual
plants in the plot. At the 20 m x 20 m quadrat spatial scale, 31 dioecious species showed aggregated
distribution. Proportion of number of dioecious species of all species showed weak and positive correlation
with altitude, convex and slope, but relative abundance of dioecious plants only showed weak and positive
correlation with altitude. Furthermore, three diversity indices of plant sexual system did not show significant
correlation with altitude, convex and slope. In sum, dioecious plants occupy a large proportion but most
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species only have relatively small population in the tropical mountain rain forest in Hainan, which are closely
correlated with the topographical factors by the changes of numerical characteristics. The existence of
dioecious plants has important contribution to the formation of species diversity in the plant community.

Key words: Hainan; tropical rainforest; permanent plot; diversity; dioecious plants; topography

H AR 5 K 22 BORl 7 R 0 H LA M B I
KREFER, AEEYEHAAANFARSRIERE
FHERE, BHBENREATEERER, XK
T % 30 FE IR M ) 28 B (2= TR AR 2, 2004
Pannell, 2017). S ANMESS 2 MY S 2% B 1 4
BBy, MEHRE AR, Fl sz S
SRS IN, FR T B 2 R A (10 B K S AR I T I
By ok — € 5% (Robinson, 2008). TEA& L, —4%

A [ s B Al 25 R B 2858 RO PR R 7 1 4 (bisexual flowver),

i 2 W8 EE 5 U R B O B4 € (unisexual - flower)
(James, 1991); #4h, BARE S 2N
PITEALE, (AT)fe BRI BRIELE . RAELRTEE,
TEVIRIVE TN R RTYRT Aoy A . BEERE S R AT
MEE B[R] o

V& T FEEY N RGN+ B R S EY)
AYEATHR TR PR IE R DA REVE 1) o A i
JREEAR, MR A BRI
JEBAL T A (FIAL 4L, 2007). KAk ok, BT+
PR PEAE AR 5 e A EAR, T e ) Ak R e S
WM LG 2GRN ZESR, XM %R SHEY T
A 15 B R BV 2 1 L UM 9% (Ramirez. & Brito,

1990; Chen et al, 2004; Ramirez, 2005; Machado et al,

2006). ITF 3K, AT HERE S RAE Y T B R et Ak
J G 2 B R AR ) F 0 R B E AL (MR 0 J1E, 2008;
Hultine et al, 2016), IRZRA[FAIMIEA [F) SR AL FEVE
HHRE A7) 1 ) 2R 4 B8R R I S L [ AT SR T
BRI R 2R, X T 457 R EVE DR 22 T L )
AR T 25 K A8 R S5 A B (e i, 2011,
Maxime & Pierre-Olivier, 2015).

AT T MAE 9 A BRA W 2 BRI TR A RUIX
W, RAFEMEDMMEIE, Wal T2 EE
FE T JiE 15 iE e e PR AEL ) AH 5% BB FE(Chen & L,
2008; Maxime & Pierre-Olivier, 2015), 2RUEISA; T
W S VU ES, AR E, BA AL
G MARFAE, AR MR A FAT 2 I H 2R AR
P W SRR MR AT LUy R R PRI 1L T & B AR A,
FLrb DT L b PR R 2 AT AR A K (2 A A,

2002; FdhEE, 2011). 3k EER O H AR AKX
AN R R A 2 B o) WE e S AR TS T — R B
WFFE, ST R0 RS M0 RGUA KRR R
— B AR IR, (EE N R 5 #vrT I AR X 3
SR P T 7T 0 LU =

AR SE DA e AR W U 1 [X 8 L B T AR 2 37 ) 1
ANHARH60 half KRN BT A B4 K T1 emifIR
AFEWI BTN G, R 1% KA Hh A A [R) A A 1 )
R VB R SIS (A AR i, i — 0 A
20 m x 20 m/INEEJT 7K HUIE (R 7- 5 ME Ik S AR A
(P Fh S B9 . AE S 22 BERIBAN M R e 2 M E
FRBUE ARG IS ZR, DA ) BH 1 Ry L b Y AR X
RV R B ARAE, AR R A SRR Z P Fp
PEREVL PR AL T Z AR .

1 MREXEEHRS

1.1 MRXEER

I U U by [X A7 T R 8 R R R R H IR B
AR5 A8 F4b(18°20'-18°57" N, 108°41'-109°12'
E), MTHANZI640 km®, HiZHKA N FF% 4 H 15 10%,
Ll 590% ., S b JB I 445 B Ay B 05 28 XU A,
TIRZHE, WEMN-10H, £FMNI1LH EIRFES
H o BT L1 R AR A SR 004 b X 43 A T B e R AR
B, X BLAR AT 3 B S B A R UG AR (A
A SRR, 1991; RIS, 1997, R RS,
2002, 2012).

60 ha KHEHb I H 2 5 Wil 5201020124
I K 4 2R (5 X 3820 m), EREKEANT
1,305-3,686 mm [i], P31k N19.8°C, H%
RN fe 3% H 7 3576, 7 9 10.8°C F127.5°C (4 1R 4%
2015a).
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AMERRAERE T A FRIAES AAAR B4 R vt 55 (VR 55,

2015h).
1.3 EIIMMER RERIFHE

Y2 E S % (FEEYE) FiFlora of
China (www.efloras.org). F R, a7 eSS AN i
BAELERM, n UL EH B YRR ) R SR
4 N P9 M AE (hermaphroditism) - M 4 [F] #% (mon-
oecy) MR 5 ¥k (dioecy) /4= [A] #k (andromonoecy)
I 4= R #K (gynomonoecy) . 4= 57 #k (androdioecy)
e 4 55 #k (gynodioecy) . = 14 4% [A] £k (trimonoecy) «
=M1 5 Pk (trioecy) HL 9 (3 XU 4 A EE A B, 2000;
Renner, 2014). {B{ESLFREI 40, BN E6F7E B 2R
TR E A D, BT DU AR M R G
Ry 3K WItEAE . MEE S Ak (58 B P PEAE
PP HELE I HELE 70 ) A KAEAS R AR, RS
HEA SRR MEERR. ZMHIERER) . MEMERPR (TR
BB T B AR A0 R LR AR AR T R — AR,
AFEE FIMR . MEE R =PRI (FR0 I,
2008).
1.4 BRI RE SRR
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VPR IR B A AEONE S B o R XS AR AR XS i
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XoF i vy T T R A B R 1 i) R e 1) 22 AN BRI S i
13, DRILEETMP I ) 2 40 B 2 2 2 APl I f5
33 (e dn, 2011).
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GAE R BN TT AR SR (2)
(GYEZEREEi=R1®
Shannon-Wiener#g%i(Shannon, 1949):
Wm=—>PR PR @)
Simpsondi % (Simpson, 1949):
D=1->P? (4)
Pielous =] £ f6 % (Pielou, 1975):
J=HIInS ©)

A, PONESIREI S R SR RIS Z 2, S

VIR B R I ) R GRS

(5) 1 S0 LA 5 3 T M e S ke AL 420 ) 0 R
AT SRR E A B

PERIELBI(%) = 100 x A7 3 M E R AR A1
VIFREURE TT SRR A (6)

6)FE T KT A R G 2 FEVEFR AL RIEA
@)@ 7 tr, HAR it S iR 245, SR
RN RGP E (e 4n, 2011).

1.5 sz Eg/Hamr o

K FHRipley (17 L of £ R 3E 47 23 [ 4 J=) 12 ] 9%
M, L) = K(t)/m-tEET 548 B 2 A 0 ATk
ST, K P99k Monte CarlofE ML) 3 99% &
fFEIXI ML) KT Lk, A& E0.01/K T LI,
TP R BERESM, LOMT B N RZL
], RAWIFEBENL A0, LE)/DNT FRIEL, £on
Yokl 53517547 (Diggle, 1983; FL275, 2009; i
2 2015b).

1.6 MESHKEY SRR T XBEME ST

FET7 KPR DR (b i B2 32 L TS i
21471552 YamakuraZ$(1995) .

Gt 5 KT ME T S MR A (0 0 o ek ) L A3
X Z L 3IMER RAZFEEIREL, HE &
MR BERE S NN FEREAT R AE DG AT, dad oA
73 20 FR1AH 5% 2 500 SR Wi 95 2 1) P A 50 12 (FE 2R 2,
2009). 40 <|r| < 0.3k, FIE TG, 203 < <
0.5, B L9945, 205<|r < 0.8, & LR
FRE; 0.8 <|r < 1.00F, PiE EEEHR.

2.1 BEERYMBIEARER

60 ha K FE I Py i 5% $1439,6 76 MR 1 & 43 S
BLPAFTE T HEARER(WE > 1.0 cm), BRE1/MEM
KA M4 A6, HoAl 73 J& T 290 M)l (B FR A
Alsophila podophylla). 1558 f162FEH (&AL . K
FE ML N B EE K T2.000 A6 M, B K i 2%
(Livistona saribus). [ Zi#4(Gironniera subaequalis).
J& 71 (Cryptocarya chinensis). il £} (Alseodaphne
hainanensis). U&= ffi il {£(Prismatomeris tetrandra)
A1 T (Nephelium topengii). Hi | Sk fEAE PR
$£159,292#%k, o5 i A A AR EUR 1136.2%,;  MEME R FR
Y94, TOLRE, & A HERECR21.5%, &5 ik
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2.2 PIFRFIRIKEREDME R RGELR

FEBL N ARAM TR E T, A 344N FL A H & W
PELEREDD; TR 450 2 MEAE S AR A (B DURA B A2
EAREE Wkt 2F R, R TR BREL FiIED;
5NFHa e MERERI MR (AR B 52 R BRE
PAERN SHRRERY; RIS RS R A DL
IR R4, HAAFRER S T 3M P R 4.

TE289 M R A M MY, A 1765 (60.9%) &
T PELE R, 113F(39.1%) & T s vEfE M, M
T FIRR (PR A 51, MERE SRR YR A 625, 43
A AL 17.7%8121.5%

FLIFVH TR EEE > 100 M R kAN
ERE S AR AR o 48K 22 B P AR A o 288 (1) R 2
H7E0.01-0.12 1] (] 1a), e [R) ik 1 o) 2R 5 ) EEL 22
H 2 0n°19.3, MERE S HRVE B R G0 HEAE RN
20.0. KFFEH A K 2 s PR AR FE ) 1 AR AR B A
1,000 L4 R, 17 R A 1A A [ ok 40 o R 34 e e 5
PR R VR B 728,000 LA L (Bl 1b). 5t B K843
FPETEAE AT KRR b P Rl B AR 55/
2.3 HRKFREMME R FR G5t BB E bk E A
EPO A

1,500 FE 7 T 5 648 FE 5 M Bk B H 78

#1 60 haKHEHNEEME > 1 ORI R RRFIMELE RHRIEH
Table 1 Monoecious and dioecious species with importance
value larger than 1.0 in the 60 ha plot

MRS 4

RS EEE

Sexual Species No. of Importance
system individuals value
WERERIFE  ZDHFT Lithocarpus fenzelianus 1,752 2.0
Monoecy i 1 ki 14753 14

Pinanga baviensis

25 IH- 1,360 1.3

Lithocarpus amygdalifolius

FEAER 1,207 11

Cyclobalanopsis patelliformis

HFEGEIM Altingia obovata 1,793 11
MR ER 10035 30
Dioecy Gironniera subaequalis

T 11,878 2.1

Nephelium topengii

FRIAZET 15747 19

Neolitsea ellipsoidea

ZRJ7 M Platea parvifolia 6,423 1.3

#5543 llex goshiensis 4,550 1.1
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Fig. 1 Number of dioecious and monoecious species with
different importance value (a) and number of individuals (b) in
the 60 ha plot
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AN(El2a); TS E 2 KR 7 1964 8k (3% 1
0.49¥k/m?), #% /b [ BE 7 45 10/ K Kk (5 £ 0.025
#Rim?).
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F3M TN i R SRUE IR T L H MY AR 60 ha RE A AP 1 il 3R G R AT 301

1200
(@ O #EAE Rk Dioecy

W HEREFRR Monoecy

—
(=
(=3
(=

(e
(=3
(=]

¥£J5%% H Number of quadrats
IS oy
(=] (=)
(=) (=]

[y}
[=2
(=)

L

[0,50)  [50,100) [100,150) [150,)
AEFE%EL H Number of individuals

1000 )

+ 00 | (© O Mk H4% Dioecy

s B B[Rk Monoec

g 800 | 4

& 700

k)

5 600

‘g’ 500

Z 400 |

I 300

E)

R 200

# 100 b

0
S & ©
S D
S R

X} £ ¥ Relative abundance (%)

1200
(®) _
O aM:4E Unisexual species
2 1000 |
3
& 800
[=]
5
"g 600
Z
m 400 |
2]
=
i 200 |
[0,20) [20,40) [40,60) [60,80) [80,100]
AEXF 2 Relative abundance (%)
800
" (Y -
E 70T 00 Mo S 4k
5, 600 B AEREY)
5 ] BT LE )
5 500 Proportion of
'g 400 | dioecious
Z. species of
m 300 unisexual
2 200 | species
R
# 100 | |—|
0lb—e—= . \ A
\Q.}Q\ Q?‘Q\ D‘Q?Q\ b%:g\ \QQ\
\})
\% < < &
L] Proportion (%)

E2 60 haX###A20 m x 20 mEHKEZEMMUENRGERIUENHEF RS . @FRMRGERBENHES S, (b)
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Fig. 2 Characteristics of number of quadrats for different plant sexual systems at the 20 m x 20 m quadrat scale in the 60 ha plot. (a)

Characteristics of number of quadrats and number of individuals for different sexual systems; (b) Characteristics of number of
quadrats and relative abundance for unisexual species; (c) Characteristics of number of quadrats for and relative abundance for
different sexual systems; (d) Characteristics of number of quadrats and proportion of dioecious species of unisexual species.

2.8%. NI WLAEKZHFE 7 PRIR R TR SR
{EAEXS 2 BEAE20% LA T BIRE 7 AE 24, U BFE 7
PR PR R AR 5 — s LAY

JIT A E 7 A D E e A AL PR AR N 22 P R
7£10%-30% 7] (8 2¢); ~F- %14 F1]50%, % = 38.0%,
A6 4.0%; T e ] A AR (190 KT 22 8 3 0% (1
HANEETT, B H168.4%, Fl%1.7%.

MER2dKE, M 5 AR TE R A B
H—EMH, LRI 7E60%-80%F140%-60%H];
K F-500 [ KE T 41,1481 (76.5%), Lt 5 #% i i F
92.1%, AL H6.7%.

24 HHKFEREMMINRG SRS

FEASKFE 1 1) & B Shannon-Wiener F5 £
0.8992, Simpsonf&%i°40.7290, Pielou¥s 2] FE %N
0.8185.

BRI RS Z FEVEIR B S R T HE
xR 4B B8 FEJ7 Shannon-Wiener 15 % & i 7E
0.8-1.0 8] ( ¥ 3a), #x = 1.0685, #x ik 4 0.5553,
Shannon-Wienerfis £ i B KA R K FIIEE T B
646~(43.07%). F£ 75 Simpsondi # 4+ #£0.7-0.8]1]
(KI3b), %=0.8877, (K ~0.6194, SimpsonisHt
ik BN O RE M K ST B R 7 A 8314 (55.4%) . A
Pielou ) 5] & fi5 £ £ 7£.0.7-0.9 8] (] 3c), &% 1=
0.9726, ik ~0.5054, Pielouts) s i & b i # A
KFEHL K IR 7 2456461~ (43.07%) .

25 S5ERNIME AN RAEEZRELE

Fe2LLEL T i R SR VAU By PR 5 [ Y
A A AL FRAAR A FRE P RAE R L. 45
B, WITETELLE D [ P Ak K2 s v i i
> RGNS BT AR > 2 7 P XU 9 A
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Shannon-Wiener$§%{ Shannon-Wiener index Simpson#§#} Simpson index Pielou$§%¥ Pielou index

E3 60 hak#EA20 m x 20 miES K ERYIE P B i Shannon-Wienerfg#, Simpsonis#. Pielout 51 B35 MM AN H
Fig. 3 Number of quadrats with different Shannon-Wiener index, Simpson index, Pielou index for sexual system diversity at the 20 m x
20 m quadrat scale in the 60 ha plot

2 IBEARIBEHAE IR RE S ERIMANFREEELLER
Table 2 Sexual system comparison among Jianfengling tropical rainforest and four forest communities in China and other countries

ol S AE AR

Site and plant community

YiFhky  AFEMES RS S Proportion of different sexual
No. of systems of total number of species (%)

species . - h
p FHEAE i T e 52k

Hermaphroditic Monoecy Dioecy

species
ARG WV M FE AR, o [ 306 67.0 20.6 12.4
Deciduous broad-leaved forest in Hubei, China (Long, 2011)
= AU G AR, A 394 54.0 19.5 26.1
Tropical rainforest in Xishuangbanna, Yunnan, China (Chen & Li, 2008)
HEEIRIGIS PGS AR, 1 E Tropical rainforest in Jianfengling, Hainan, China 290 60.0 17.7 215
$i ZE IR BLIAT R AR, BHUTAE N 333 65.0 11.4 23.1
Tropical rainforest in La Selva, Costa Rica (Chen & Li, 2008)
WO RN AT R AR, T ok 76 711 60.0 14.0 26.0

Tropical rainforest in Central Sarawak, Malaysia (Chen & Li, 2008)

PR, 17 ] 4 20 ik 22 o R I Sk G 1 Fr) s TR AR
sy WERERIRR LA B AW TR R AR >
Z M PEXUR NP R AR > 1 g I U U4 4T W AR,
= 3 LU 2 SR AR 1Y 5T s B n R T o 7 I 1) Ay
PR L e B e RO L) o M S ke BB
[ 4 2 7 PU AR AN AT AR > I R 2R 0404 T4 '
o> IR R & TE I AR, TR A R A 5
R T8 . () R T A R LA v 1 M A S R L
{51l BB AT ST L P S8 P 8 PR s FEE A B
26 MESHKEYNZESHREERESHERE
FHIXER

7E20 m x 20 m=s (] ) b, KR Hh Py S S
Y RES PRGN, 5 ATE RES M
(127H)[¥124.4%; Bl B3 A7 RO A S MR A P L A 22
B, 5 BT BENL A A W0 B (155F) [1114.2%; $5514)

A B HEHE S PRAELD A 680, 5 BT 25 4 A A (8
FI75%. HeAh, A tfkE(Ficus variegata). B
(Eurya hebeclados). 447 (llex crenata) 3 &)
FERAEH FLI R IRk -

££20 m x 20 mify s A REE b, ORFEHE )34 M
T DRI - 25) AR 2 S R A 4 () A 1) L 48] 52 95 T AH O
AR 22 FEA 5 ¥4k 2 55 IEAH G, 55 3 B2 A g
TAHR(ER3). Mo, 3P HTE R 5 &N FE D7 (R
RGN ZAEVEFR AR AT 2. 35 KK

31 AREMHRFEIZ=E S
AHI T TR, EME A RIE ZE [R] R AE ) EE

BIFEAS [F) XS AF £ B S AR AL o 5 M A VI
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Table 3  Relationships among topographical factors and
diversity indices of dioecious plants in the 60 ha plot

et %73 i Y3
Indices Altitude Slope Convex
P53 EE A1 0.487 (+) 0.344(+) 0313(+)

Proportion of dioecious
species of all species in the 60 ha
plot

AHXS 2
Relative abundance of dioecious
species of all individuals

0.408 (+) 0.278(n)  0.275 (n)

Simpsonf& % Simpson index

Shannon-Wiener# %
Shannon-Wiener index

Pielouty) 2] EE 15 % Pielou index -0.012(n) 0.163(n)  -0.187 (n)

+ IEAMHIE; n: AP, + Positive correlation with P < 0.05; n, No
correlation.

-0.019 (n) -0.162(n) 0.192 (n)
-0.012 (n) 0.163(n) -0.187 (n)

A L v, T EERE [ AR AL L BB T 57
XURREN 25 T e S P A8y fARAH EL DU AH B,
T S AR ) EE APV BTG, T M [ R AL B9 s
U R X P 22 5 5 A 1) 2 RE R R R AR R (A
BRI REZWK > PUXURSY > Rigl > f 2K
o> W), A E R B, ERE R bR
TR ECH 1 BB T e 5 i A A A 5K AR
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