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Abstract; To explore the changing trend of species diversity and interspecific relationship of the forests in coastal hills of

Sanya City (from east to west) from coastal rain forest to semi-deciduous monsoon forest and deciduous monsoon forest ,
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the phytocoenological investigation methods were used to investigate those three types of vegetation communities in our

field works. The species diversity in different types of vegetation were analyzed by the species richness index (d,; ),

Shannon-Wiener index ( H), Simpson index ( P) and Pielou evenness index ( E). The interspecific relationships in

different types of vegetations were analyzed by association coefficient (AC), co-occurrence percentage ( PC) and

Spearman’ s rank correlation coefficient test. The results were as follows: (1) Dominant species gradually changed from

hygrophilous species to drought-tolerant species during the process of ecological sequence change from coastal rain forest

to semi-deciduous monsoon forest and then to monsoon deciduous forest; (2) The change trend of species diversity was

positively related to the annual precipitation, which decreased gradually from east to west; (3) Interspecific relationship

of the three vegetation types was relatively loose; while the intensity of interspecific association in coastal rain forest was

relatively high, and showed likeness between the semi-deciduous monsoon forest and deciduous monsoon forest. Those

indicated that the co-existence of species was weakened from coastal rain forest to deciduous monsoon forest while the

repelling competition was strengthened. In conclusion, the species composition, diversity and interspecific associations of

semi-deciduous monsoon forest were more similar to those of deciduous monsoon forest.

Key words: coastal hills of Sanya City, plant species diversity, association coefficient, correlation coefficient,

annual precipitation
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Table 1

Importance value of ten dominant species among the three vegetation types

Rl EHERAR 2t ZE R

No.  Coastal rain forest

Semi-deciduous monsoon forest

R

Deciduous monsoon forest

1 4R4E Aporosa dioica(7.399)

2 4 A Streblus taxoides (4.707)

3 FHE Vatica mangachapoi(4.066)

4 JEEEZM Lannea coromandelica(3.755)
5 JilZk Streblus ilicifolius(3.041)

6 FHHA Richeriella gracilis (2.005)

7 B Prerospermum heterophyllum(1.925) 4RRAE Celtis philippensis var. consimilis(3.146)

8 8RS R Kleinhovia hospita(1.917)
9 WA Microcos paniculata(1.762)

10 JUAT Psychotria rubra(1.720)

I3 Streblus ilicifolius(14.777)

RN Terminalia hainanensis(11.367)
JE BB Lannea coromandelica(10.227)
AL =G Trigonostemon lutescens( 8.224)
I e Carmona microphylla(5.609)

FE W Albizzia odoratissima(3.724)

JHEAK Richeriella gracilis(2.391)
TN Drypetes cumingii (2.295)

LT Manilkara hexandra(2.267)

JE BB Lannea coromandelica(18.198)
TEAE =G Trigonostemon lutescens(9.138)
IZ& Streblus ilicifolius (8.976)

MR E Croton lawi(8.234)

WFRIMIA" Terminalia hainanensis(7.379)
LA Carmona microphylla(5.311)
IR Mallotus anomalus(3.494)

B Streblus asper(2.928)

FH W Albizzia odoratissima(2.596)

FHRI Flueggea virosa(2.514)

R2 UFHESHEMEEY

R3I ZHEHEBKEF 16 M

Table 2 Index of species diversity index Table 3  Species distributed in all three vegetation types
— o CEEEETTR A B i ) i
%ﬂf &*E LS é’%@rﬁ% Semi-deciduous  Deciduous No. Population No. Population
Diversity Coastal rain
index fnrest m;)nsoon m;)nsonn
orest orest
1 A 9 A
Erioglossum rubiginosum Microcos paniculata
W F R 18.401 9.425 6.881 2 P 10 LR A
Species richness(d,, ) Streblus ilicifolius Drypetes cumingii
-4 IR HL 3.900 2.837 2.749 3 jiE3ea v K 11 =g )
Shannon-Wiener index( H) Terminalia hainanensts Streblus asper
F ARG 0.963 0.883 0.901 4 JEE B 12 lipay
Simpson index ( P) Lannea coromandelica Catunaregam spinosa
5 R A 0.724 0.526 0.510 5 MR 13 AR
Pielou evenness index (E) Carmona microphylla Polyalthia cerasoides
6 JE R 14 EEW
Dimocarpus longan Albizzia odoratissima
FHIARE . Simpson 15 K0 (P) B 4 {3 4 7 T 13 ks
Diospyros strigosa Mallotus anomalus
M, S SR T, IR 2K 0 9 i 45 A e . i o et
B eI AR 2 L T = N Aglaia odorat Diospyros chunii
i RETE ISP 3 o 25 B ITIR | e 9fE TR AR A ) g odor T

R R TR T TR MR IR 2, TR I 2 T MO
I, Bp Rl Z R B AR 1) PG 23 D AR fh R 3
33 =MEWEREMEENL T

R FI5 L 0 O 6 ) R A 6t SR e B = ol A A 2
RILA B 16 Wl (3 3) FEATFb A] R 45 1 5 40 o6
PEVHL, E— SR GTBETE FRIR1 DG R 19 A1k
3.4 £ EYFE B BLL L8

FEMFT AR 16 DN IAE YR AC EHILE 1, H,

FB Sk IE R B AP XA 60 X, AL R X EL
50.00% ; R I J A BRZE (R XA 57 XF, i S0 X
B 47.50% ; LN TCEREE A A 3 X, di B Fh
XTEL) 2.50% , 1E i OCHEHL Ry 1.05, P& it 2=
MAC 1A WL 2, b 3R 80 R 1E B 45 1 Bl o6 A 36
X}, R X RS 30.00% ; 26 BH K £ BB 45 Y Fb o)
H 40 X, R RTEC 33.33% ; I TCBRSE Y



3 4 EVEEBLAE R R AR 29 I 2 R AR T 2 MR A AR 7 22 R R ] I 2 389

R 4 EEWHk Spearman #KHXE REKIE

Table 4  Semi-matrix table of Spearman’ s rank correction coefficient test in coastal rain forest

rﬁf 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 - 0.661 0.452 -0.567 0.472 0.589 0.690 -0.283 0.293 0.661 0.906 = 0.000 0.063 -0.054 0.875 0.661
2 - 0.488 -0.286 —-0.143 -0.216 0.417 -0.143 -0.354 1.000 = 0.472 -0.218 -0.283 -0.216 0.756 1.000 *
3 - -0.586 -0.293 0.074 0.855 -0.293 0.242 0.488 0.581 0.149 -0.065 0.074 0.221 0.488
4 - -0.286 -0.432 -0.529 -0.286 -0.450 -0.286 -0.567 -0.436 -0.236 0.135 -0.432 -0.286
5 - 0.756 0.083 -0.143 0.619 -0.143 0.283 -0.218 0.661 -0.216 0.540 -0.143
6 - 0.458 -0.216 0.761 -0.216 0.679 0.247 0.375 0.173 0.316 -0.216
7 - -0.501 0.394 0.417 0.801 0.064 -0.014 -0.039 0.410 0.417
8 - -0.354 -0.143 -0.283 0.655 -0.283 -0.216 -0.216 -0.143
9 - -0.354 0.366 0.000 0.790 0.309 0.109 -0.354
10 - 0.472 -0.218 -0.283 -0.216 0.756 1.000 *
11 - 0.289 -0.094 0.196 0.589 0.472
12 - -0.433 0.247 -0.330 -0.218
13 - 0.054 0.196 -0.283
14 - -0.327 -0.216
15 - 0.756
16 -

. MBS EZE 3, +. P<0.05; =+. P<0.01, T,
Note: Species numbers are as Table 3; * . P<0.05; #*#%. P<0.01. The same below.

x5 FEIMZFEMH Spearman B1H X R

Table 5 Semi-matrix table of Spearman’s rank correction coefficient test in semi-deciduous monsoon forest

’?? 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 - 0.047 0.596 -0.039 -0.016 0.756 0.756 -0.216 0.500 -0.643 0.750 0.375 0.474 -0.137 0.756 -0.443
2 - 0.299 -0.193 0.143 0.247 0.247 -0.412 0.265 -0.110 -0.191 0.300 0.221 0.296 0.247 -0.056
3 - 0.491 0.515 0.249 0.249 -0.581 0.267 -0.364 0.110 -0.178 0.803 0.180 0.249 -0.510
4 - 0.627 -0.501 -0.501 -0.501 -0.150 0.255 -0.456 -0.400 0.186 0.500 -0.501 -0.057
5 - -0.082 -0.082 -0.412 0.203 0.049 -0.300 -0.109 0.638 0.321 -0.082 -0.394
6 - 1.000 * -0.143 0.756 -0.425 0.661 0.661 0.425 -0.428 1.000:* -0.293
7 - -0.143 0.756 -0.425 0.661 0.661 0.425 -0.428 1.000 * -0.293
8 - -0.216 -0.425 0.472 -0.283 -0.255 0.000 -0.143 -0.293
9 - -0.249 0.375 0.375 0.474 0.032 0.756 -0.443
10 - -0.844 0.056 -0.462 -0.210 -0.425 0.813
11 - 0.219 0.267 -0.184 0.661 -0.581
12 - -0.169 -0.340 0.661 0.323
13 - -0.006 0.425 -0.755
14 - -0.428 -0.351
15 - -0.293
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Table 6 Semi-matrix table of Spearman’s rank correction coefficient test in deciduous monsoon forest

’?:}L 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 - -0.355 -0.533 -0.122 -0.041 0.088 0.552 0.680 0.264 -0.427 0.776 -0.008 -0.008 0.020 0.416 0.108
2 - 0.781 0.663 0.723 -0.577 -0.245 -0.792 0.412 0.025 -0.281 0.405 0.405 0.677 -0.781 -0.265
3 - 0.284 0.585 -0.423 -0.503 -0.759 0.085 -0.205 -0.458 0.351 0.351 0.563 -0.850 -0.639
4 - 0.610 -0.167 0.055 -0.394 0.167 0.481 -0.090 -0.245 -0.245 0.549 -0.432 -0.032
5 - -0.351 -0.058 -0.497 0.615 -0.187 0.156 0.291 0.291 0.993 * -0.429 -0.531
6 - 0.661 0.177 -0.143 0.087 0.442 -0.216 -0.216 -0.354 0.254 -0.216
7 - 0.132  0.472 -0.172 0.863 0.214 0.214 -0.059 0.196 -0.054
8 - -0.354 0.013 0.315 -0.535 -0.535 -0.425 0.811 0.443
9 - -0.434 0.619 0.756 0.756 0.619 -0.085 -0.216
10 - -0.470 -0.655 -0.655 -0.228 0.180 0.574
11 - 0.293 0.293 0.199 0.340 -0.184
12 - 1.000 * 0.293 -0.351 -0.327
13 - 0.293 -0.351 -0.327
14 - -0.366 -0.535
15 - 0.559
16 -

FRXTAT 44 XF, A7 S A0 X201 36.67% , 1E 1 OCHK [E
$90.90, JEMZEFRAK AC B WA 3, Hh £ M IE
BRES RIS A 50 X, SR X EE 41.67% ; /I
R BRI RIXT A ST XF, 5 SR E 42.50% 5
FEIN K TC R L5 09 B XA 19 X, O Rl O 5y
15.83% , 1E 1 CHK LA 0.98

Bl A 25 7 4] ) A8 Ak i ) B 25 46T 1) T GF BE
45, MAC IEFSCHR ORE IR RAR AR T 1,
172 95 I 2 T AR, 95 IE F R AR EL A /N F 1 B
(ELAFUT , 3052 VA TR PR I 19 &5 X B 2 1 T Bk 4
X5, ol ) 3G 45 AR 35 0 R A 9 I R A U5
I 25 PR L K 245 A ) 5 2 F 71 B0k 45 X &5, o ]
HR 5 AR AN AL, L Vi i 2R TR AR | % it 2 9 AR K
OB ARl INIK S5 B Lok A U v W AR (]
IBC 28 1K 2] 5 1K 45 (0 B X 49 X, o5 L Fh o6k Bl
40.83% ; - 75 I 2 W9 MR Gk B G B A5 0 Ao A 32
XF, o A B 26.67% 5 P 7R R AR A 3 5k BE
SERFIRTA 35 XF, SRR AL 29.17% , X U

V2 T T MR IR 1] 560 15 4% i B8 190 o ke L 481 B i R o
B S 7 N Ay o ST N I -y e ST N2
I 25 PR iR B 235 i X L 48] A ST, 67 VA T o 1]
IR 2 M T iR | e V& I 2R bR R I 2 MR [ BB 4
55 HLak AR,

A B AL ] B A R (PC) S5 3 LA
1B 2 B3, o S W AR PC> 50% B R A
22 X, AT BO 18.33% ; 2K V% M R Ak PC>
50% M FIXFAT 20 XF, d7 SFP T £ 16.67% 5 7 it
ZEFAR PC>50% W AP XF A 19 X, 7 SR X £y
15.83% , BIRY KR Z BT PC A B 8AIK, B2
A AT &, T I AR PC>50% 1 He il o K, T 2
N Z AR T8 22T AR PC>50% B H A 35/ H.
AR T, SO T AR (] 56 45 1 T 0 f 5 i 2
TP Y I 2 A o () K 25 5 5555 L 38 A AR

ZE L PIR, SRR R AC{E S PC {H%S
B — S0t RIS TR T CRE 7 P () 10¢ &85 1k o g |,
Th 2 AR it 2 T AR ) 6 445 5 B 34 R X 8
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¢ —1<AC<-0.6; ®. -0.6<AC<-0.2; A. -0.2<AC<
0.2; WM. 0.2<A4C<0.6; *. 0.6<AC<1; []. 0% < PC<
20%; A. 20% < PC<50% ; O. 50% < PC<70% ; <. 70% <
PC<100% ., P53, TH,

¢ —1<AC<-0.6; @. -0.6<AC<-0.2; A. —0.2<AC<0.2;
M. 02<A4C<0.6; *. 0.6<AC<1; . 0% <PC<20%; A. 20% <
PC<50%; O. 50% < PC<70%; <. 70% < PC < 100%. Species

numbers are as table 3. The same below.
K1 BRI 16 AR AC (AT PC {EFREFER]

Fig. 1
coefficient and co-occurrence percentage of 16 commom

Semi-matrix diagram of interspecific association

species in coastal rain forest

55 HIR S5 KA

Spearman FkAH G Z £50K 5 43 A AT LA SR #b F1 52
e XCRGL: , E G S W V& 9 i ) ) G B HL
Hox ¥y A o A B 2B BRI AR
Spearman FEAHOC REKG IR LSRR 4, Hop R
FIEAH R FXT A 62 XF, & BT £ 51.67%;
T JCAH OGBS A 2 %, R R X B
1.66% ; R A TAAH Y TR 56 X, (5 S0 4L
(¥ 46.67% , I SCHE L 111, Fia] A 5C 1 ik
B A 2 B K B RS A 4 %, A G I 3R
N 3.33%, Hob RIFR S EH AR RS E EA
( Diospyros chunii) .75 F R A5 EH 3 X Fh X R
W S TEAR G, o5 B R E Y 2.50% ; AR A5 G
P AfORE o 3 TE AR OG, B R X B 0.83% , HiAll
TS 5 2R 2R B 30 3 A SC M | 248 R 0 b k) AR
FePERE S, IR M 2K Spearman Bk AH ¢ R Kk
AR 5, R IEM K FPXIAT 60 X, &

' O OO G AASGASGSEAAAALOS
A2  HEH OO OO0 AAAEAOGA
AC|3HH OO OO AAAOEGOS A
OICIC|4 A€ 0k & AS AKX
AlCICIO]° 0 0|0 @ A AANAOA
AONONOO[ 6| A G A G AAASAS
AlOOONOO|7 | ¢ A/G A AASGAeS
oo | o e/Ale A Aee
AANANOAAANO[ |AlAAAAASG
giojojo|giogidia® | AlA/H A& H
OIAIAIOAIAIAIAIAIO[ [AAAA @]
ANVAN VANANVAN AN VAN IR ANVANINIREER 2K IV NE |
AICIOIOIOO[OOAAIA A | ¢/l &
giojogio|laogoja|A|OA 4| & @
AOIOOOe|0|O[A|OAIAIO0|5 | e
OAAIAAONONONONOILNAIAIONO] 16

Bl 2 R Ak 16 IR AC (A
PC {HF AR
Fig. 2 Semi-matrix diagram of interspecific association
coefficient and co-occurrence percentage of 16 commom

species in semi-deciduous monsoon forest

| | ®@OAAANNAGONAAA®NA
INEEb.dI 1R dEIKAK AN IKAK 2. db dbh dK 25 ¢
AC|3 AH|6 G ¢H S OEEEO®OS
AQCIO|* A|G A AOGAAOGOAAS
AOICIA|S | ¢ OO AOGAAANEOSS
AOIOO0|C AAGAASGSSAS
OIAOAIONAN7 | @A AR AAANRA
OIAIOAIOAIA| S | |AH 6 ¢ O HE
AOIOOAIOAIO Y | e|AAAAAS
AAANOIAIOIAAIONN @ ¢/ €/@ AN
QIAIAAIAAIC|OIAIA| |AAAIEIA
OIAAIAOONAOAO0R B A A
OAIAIAIOIOAOAIONONC| B |AlA| €]
AlAIo|IAR|IOOIOAANAIOO" @&
SIAIAIOIAIOO[OIOAIOOOA|S | A
OIAOAOONAACIAONO[O I A 1

B3 FIE IR 16 DI YR AC {EFI
PC AR
Fig. 3 Semi-matrix diagram of interspecific association
coefficient and co-occurrence percentage of 16

commom species in deciduous monsoon forest

XKL 50.00% 5 F BN TCAH A FIOA 1R,
7 SR EUAY 0.83% ;5 I TUAH SC A R A 59
KT, o SRR 49.17% , IESUOCHK LR 1.02, Fh
(] AH DG 1K 3 A 2 35 B R & K F i A AT 3 X
H ¥ BR ( Dimocarpus longan ) 5 & #ii ( Diospyros



392 OO0 M W

41 %

strigosa ) \ JEHR 545 B ¥ Hii] ( Mallotus anomalus) | &
Hili 545 B B X 3 R Bb 4T 2 2 B0 O R R 3 IE AR
5 MO N 2.50% , HoAth Rl B ok B
EION P I (NG B DO P C S PR
Ak Spearman BRAH X REK I 45 R LK 6. MK
6 Af LA, RBUNIEAH KL FIXTA 61 X, (5 S Fh
XTELI 50.83% ; IR AR YRS A 59 X, i B
FIXTEL) 49.17% , 1EfUOCHEHG R 1,03, Bl a]AH 5
PEIR BB 1 3% 50 2 K P B Fh o6 A 2 X, A7 OC
HRH 1.66% , o, 1l £ 1 A0 3 AL X R A
B IEASE, BRI X 0.83% ; 3k M 5 & &
MCRPOGT Shy  2 TE AR O, 7 SR £ 0.83% , HoAth
Fofuxoh 1K 26 B I 35 1 R O M A R 43 B oG AH
KR

M _E3A Spearman Bk AH G R EK 30 25 Aok &
VEC T W MR T E 9 DG B L R TR 0 R AR
I 2R TR bR, L2 7 I 2 R AR | 78 I 2 T RR EL (E AR
T 5 AT I 38 3R T U T TR PR A O AR DG i 2
RIE IR I 2R MK R 1.33 4%, SR VR R
MR HE R 2 A%, DAk VS v T MR A ) A OC 4 B
SR 21 T R AR | Vi P 2 AR [ RE SG 1 A X
55 HAH G PE K FAH AL, 3% 5 =i Al w28 B 1 AC
i . PCEMZ REAEA —FE,

4 WHRFHER

KM AR EEEEMWBRE &R,
H A HEK A3 S A8 8 W K 43 A 3 B M Y (5 IR B
£5,2005) , T [ 48 B 7K W] B #2532 w3 v i ok
It R FARRE K S R 48 7R K 4 R AR R K i
F W R W) 2 AEE (Alvarez-Yepiz et al., 2014)
SREBE A S B P AE B AR P P XA T R —
ST, TR IR T B BR IX, VAR D ST FLD,
BIEER/NEFL,2014) RIEFFE X A%H
TEHE PR, = A~ B A8 22 S T SR I AE 4R
IKE 2 /0 HAEBIE ST X 58 PN 4 F K 8 U K P2
FERBEE A AR 1) 7 2 B0 0 8 0 1 H AR A Ak
BT 23K Bl AS A KT [ SR B AR W 2 T S
AT ARERRE R 2

4.1 FEKESWFHEMK

AW I, AR EBAE B K 1 & R e A
SR R MR RE T A AR 123 SRR T 41 #
97 J& 5 Hf VU AR AT B TR a2 A X A D A B 2 A Ao U
E| RES/ A S ST N3 1 STV R S g ST AN S
WA LY 63 F, )8 T 30 B 53 J&@ ; I5 M- Z i Akke
FNAE Y 46 B SRJE T 21 B39 R, MR R .
FhE R, W AR R 8 R e R
UIRTASIES R S/l sy NN a7 N 4 2
X, AR VE M fe B N E R R K EZ
(Condit et al.,2010) , ¥fF g & #4717 2= W ARAE 9 #F
VE I N 2K A 1B 2 0 T — A EE BRI Sy L
TR 2R KA R 2 (X5 75,2009) o DA = Fif
A e 28 7R A Ao GV B AR (7 P AR ) ORI S
(L) 0 5 B R 7, T Vg FRMRRE 5 PN JEE B A
FIRES% B2 0.005 £k - m™, JI SR AL B R 0.053
B - m T2 I 2 R RRORE 5 P I A R A
391°80.0468k + m?H10.173 Bk - m?, fEPE B
MRAE 7 3 PR A FORE 9% B2 43 5 O 0.073,0.233
PR - m?, OB T Bl R K 43 22 S A T
AR S4B o - T T W9 RO 34 ol 420 955 4R 4% 1
A MR AT AR TR R 2 — |
(A A%, 1986) , HAUAE I W AR & A 1Z AP RE Y
Oy UREL T N A 2 R B K o B
B s G, T I i R R bR % P 2 RRRRER A
2T AT S 1) AT B S R I AR 4 R
(U TR TR G IR N ) e o NP S I
Ja& T SRR A B B (B 5z 04 ,2009) , AR T
Xif 7K 43 [ = PR 03 IO [R) B Bl = R 2
TYRFFP L B, AT & B0 7 I 2 W MK 5 9% i 2R R
RAC T A T PR 5 7 - 2 TR bR A 34 Al A L T
(7] s A A R AR 2R B 3R T2 i i 2 R A R
2 AR BE VR R ORE LM R X5 o0 il A
(2009 ) FF 5 Vg 1 5% 53 T 06 9 o L 70 B =5 R AR
VERRIEZE LA — 2 A U, R RT WL =
PR 2 T 2l b BE LA AR B £ 5
PE 76 DTS I T AR 8 3] 2 7 i 2 W AR T 3 e
AR A2 57 5 A8 Ab B b R AR 3 Bl 4
L IZ T H B AR o U Sy SR AR R A
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