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Abstract; Grassland species diversity is closely linked to climate patterns. Prior research has predominantly focused on the
ecological systems of northern secondary grasslands, leaving the connection between species diversity and climate in
southern tropical secondary grasslands unclear. This study examined the species composition and diversity indices of the
primary tropical secondary grassland vegetation in Hainan Island by utilizing the fundamental species information from 43
plots measuring 30m X 30m situated in six cities and counties. In conjunction with 19 climate variables characterizing

temperature and precipitation obtained from the Worldclim database, the study investigated the correlation between species
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diversity and climate factors. The findings shed light on the climatic driving forces impacting the diversity of species in
tropical secondary grasslands in Hainan Island. The results showed that: the species richness of major tropical secondary
grasslands in Hainan Island was significantly positively correlated with the monthly mean diurnal range ( BIO2),
isothermality (BIO3), and temperature annual range ( BIO7) (P<0.050); Simpson index was significantly negatively
correlated with annual mean temperature (BIO1) , min temperature of the coldest month (BIO6) , and mean temperature of
the coldest quarter (BIO11) (P<0.050) ; the Shannon-Wiener index was significantly negatively correlated with the min
temperature of the coldest month (BIO6) and significantly positively correlated with the temperature annual range ( BIO7)
(P<0.050); precipitation factors ( BIO12, BIO13, BIO14, BIO15, BIO16, BIO17, BIO18, BIO19) showed no
significant correlation with the species richness, Simpson index, and Shannon-Wiener index of major tropical secondary
grasslands in Hainan Island (P>0.050). The findings of this study have revealed that the tropical secondary grasslands in
Hainan Island have acquired the ability to adapt to the prolonged hot weather conditions characteristic of the tropics.
However, when there are sudden significant temperature fluctuations or conditions of extreme cold, the species diversity of
the tropical grasslands will be substantially impacted. These results could serve as a reference for investigating how species

diversity in tropical secondary grasslands respond to climatic changes.
Key Words: secondary grassland; species diversity; temperature ; precipitation
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Fig.1 Overview of Hainan Island and Sampling Sites
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Fig.2 Schematic diagram of the quadrat

1.4 BRI

PE R REHL 22 46 2, B Rstudio 4.2.0 ( Rstudio Inc., Boston, MA, USA) ¥ {4t (1) “ raster” F2 ¥ £
“extract” PREL, \ Worldelim P34 (https : //www.worldclim.org/ ) FHHEER 43 N FHEE LAY 19 IR AR ACH G
T(F1),

R1 EUSETEIR

Table 1 List of bioclimatic variables

AR A ik AR A ik
Bioclimatic variables Description Bioclimatic variables Description
BIO1 RS BIO11 RIS R R
BIO2 BRI 2 H BIME BIO12 SRR
BIO3 G BIO13 A By KK
BI04 R F kAR A BIO14 Bt A Bk
BIOS ol 73 fie e T BIO15 KK it T PR Al
BIO6 eV F Ay AR L BIO16 R 7 B R K
BIO7 IR 2 BIO17 BT R K
BIOS Bl R BT TR BIO18 e IDE 7 B K
BIO9 BT R R BIO19 et R e K
BIO10 R R BT IR

1.5 Hdita

(1) W E A5

HZH{H (Importance Value) f&— 4555 I FIAERE — A A8 R G0 Hh BRI XS 22 88 RE OGP 450 32 FRE X0 5 B2 1Y)
F8h5, H TG B — A e A S RGP A 2, THE IR .
FAX 22 B8 = BN RI A BT A B A S 80x 100%
AEXSATE = BN Rh AR RE / T R ) A B SR X 100%
FRON 55 B2 = BN R ) =5 B2/ i AT W) 7 i B2 8 A 100%
HELH = CREXT 22 J3 + ARG ASTRE +AEX 53 152 ) /3
(2) WrFh ZFevE oA
ARSCHEHFEE BE(R) Simpson ¥8%( D) #1 Shannon-Wiener $§ %0 ( H) RAEYFh ZFEME, X Rk W Fp
FEUA S0 o3 AT W 5] B AT LR G AP R T T
R=S$ (1)
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K, S IPFECE |, Pi IR SRS BB EE B SR Pearson AHSEPESM TG 19 AN RAE B
SYFh et 2 B e 2 o BE 20 B A 1R 435 B Origin 2021 ( OriginLab Inc., Northampton, MA, USA) |
Rstudio 4.2.0( Rstudio Inc., Boston, MA, USA) A1 ArcGIS 10.7(ESRI Inc., Redlands, California, USA) ZE/%.,

2 ZER5HW

2.1 VR S AT U AR R R R A 2 K

ZoPRA TR & 43 DECHAEHL P 131 DA SRIE T 106 J8 34 B, 2 U T EEEHEA T
FHRFE  RAEL (20 J& 23 Fl) Z5FH(20 J@ 24 Flo) FIRE(17 8 20 Fiv) S 6 g 5 #AH U AR B A 35 A AR
BRI, EEH BN 35.966% (17.748% 1 13.521% , = Z F 53K H 67.235%, HIIEFEERL(3 & 4 Fh) |
WEFRH(4 JE 9 Fh) FIE 258 (4 8 6 Fh)  HLEZE 73500 9.595% \7.531%F1 5.495%

R2 BEBARREEMBEREERLBAN

Table 2 Main family composition of tropical secondary grassland vegetation in Hainan

B4 JB B L/l B G B/ %
Family name Number of genera Number of species Important value
RAFE} Poaceae 20 25 35.966
%R} Asteraceae 20 24 17.748
S F} Fabaceae 17 20 13.521
PEHRL Rubiaceae 3 4 9.595
P EF} Cyperaceae 4 9 7.531
HRZERL Malvaceae 4 6 5.495
KBl Euphorbiaceae 3 4 0.748
JEAERL Convolvulaceae 2 4 0.385
JEIEF} Lamiaceae 3 3 0.387
¥Rl Verbenaceae 3 3 0.322

23 Jyi g B B U A R Bl o B L HE A T 25 B LA KR S A AR B R A Xk 2 R X
B BT RR A R AR A RENT AR MR R SRR T PRSI E E
HEBAHZ A 5 AR 49.973% , 24 U FA 5 BT R AR B MR R RV 0 S H v b 2R 18 R R
FAEXT 55 B e e, 430 R 5.980% Fi1 10.629% 5 — s B i 25, FHXT 2 0 7.916% ., 1 B 5 FAGHT YR AL B L DA
PR YR £ AEIRE AR T AR m R RS IS SR T2 A, B AR S AR
HuRh AR A CHL RS RS R AR Tl
22 YRS REERNXER
221 FEESAMEAE

FH 1L 3 AT, ¥ g 5 ARG U4 R M T R S R O 25 A BME (BIO2) | AF i ( BIO3) FINRR AR 5 2
(BIO7) ZIHAFAE B IE A OGO R Hovp BIO2 X325 BE 2 Al o 835 (P =0.009) , il LA RE 5 B 15.5%
H2E AL JE IR BIO3 Hl BIO7 53426 B W A0 56 (P =0.039) , 4> W RE U8 it B = & B 10% 11 9.8% A AL J A
BI02 . BIO3 1 BIO7 ¥ AR B sh A T, =& 2 N RERS fift eI pig B Py vk AR v b ) A 2 3 B 35.3% 7R
A AL B IR A OGP ( BIOT BI04, BIOS  BIO6 , BIO8 \ BIO9 , BIO10, BIO11) 5 = & Ji& 34 Jc Wit 35 AH 5G4
(P>0.050) (£ 4),
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R3 BEBAFEREEMEREEETEWMAN

Table 3 Main species composition of vegetation community in tropical secondary grassland of Hainan

Yo & 7R AL/ % HEX 2 B % FAXTZ2 B/ % HEAE/ %
Species name Relative frequency Relative coverage Relative abundance Important value
HiHLZE Panicum repens 5.980 10.629 6.461 7.690
HIF M Cynodon dactylon 5.249 10.470 6.212 7.311
= #.45 Desmodium triflorum 4917 6.991 7.916 6.608
B AL Spermacoce hispida 4.983 6.116 6.248 5.782
HEE B Axonopus compressus 2.791 6.041 4.420 4.417
IR B Praxelis clematidea 4.385 3.690 5.041 4372
LT B Digitaria violascens 3.522 5.008 3.159 3.896
T Cyperus rotundus 2.658 3.369 5.218 3.748
F€3E Malvastrum coromandelianum 4.651 2.529 2.751 3.310
£ 25 Mimosa pudica 3.389 2.697 2.432 2.839
W F 4 Vernonia cinerea 2.193 1.204 4.455 2.617
IR Dactyloctenium aegyptium 2.857 2.050 2.201 2.370
Y25l B Bidens pilosa 1.595 3.029 1.757 2.127
FAEH Spermacoce pusilla 2.259 1.572 1.899 1.910
FAEUE & 55 Scleromitrion diffusum 1.927 1.611 2.059 1.866
BT Alysicarpus vaginalis 2.193 1.683 1.438 1.771
W5 H 55 Scoparia duleis 1.860 0.650 2.574 1.695
T8 ¥ % Commelina communis 1.794 1.286 1.864 1.648
S BRISEL Cyperus compressus 2.193 1.307 1.384 1.628
£1BEE Melinis repens 0.997 2.436 1.331 1.588
KB Lindernia anagallis 1.728 0.897 2.059 1.561
R Pseudognaphalium affine 1.528 0.925 1.970 1.475
#1405 Eragrostis tenella 1.728 1.261 0.958 1.316
SPITE4 Tridax procumbens 1.993 0.614 1.083 1.230
/NEE®E Erigeron canadensis 1.395 0.686 0.923 1.001

TR R B P R AR O R S K A DE T (BIO12 \BIO13  BIO14  BIO15  BIO16 . BIO17 .BIO18 \BIO19)
HITC e FARONE(P>0.050) (£ 4) .

x4 FEESRBTENXR

Table 4 Relationship between richness and climate variables

o £ & i Richness o & B Richness
QE n Ry 314 QE L] N S
Variables 2 LIPS 4 Variables 2 LIPS
R P . . - R p . . -
Correlation coefficient Correlation coefficient

BIO1 0.009 0.551 -0.094 BIO11 <0.001 0.972 -0.006
BIO2 0.155 0.009 ** 0.394 BIO12 0.003 0.733 0.054
BIO3 0.100 0.039 " 0.316 BIO13 <0.001 0.865 0.027
BI04 0.011 0.501 -0.105 BIO14 0.002 0.760 0.048
BIOS 0.042 0.188 0.205 BIO15 0.003 0.715 -0.057
BIO6 0.071 0.085 -0.266 BIO16 0.006 0.629 0.076
BIO7 0.098 0.041" 0.312 BIO17 0.003 0.736 0.053
BIO8 0.010 0.519 -0.101 BIO18 <0.001 0.982 -0.003
BIO9 0.012 0.438 0.109 BIO19 0.003 0.719 0.057
BIO10 0.052 0.142 -0.228

s R B EAF(P<0.050) , # = TRl i EH & (P<0.010)
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Fig.3 Linear fit of richness and climate variables

2.2.2 Simpson S MEAE =

WA 4 Fros T RE B HGHEIAE B Simpson AR F EEFR AU AR SR (BIO1) (f¥® A 3 5 IR ( BIO6 ) A
S S HR I (BIO11) B & AR . Hi  BIO6 5 Simpson TREUE M A3 5E &, P {E50.008,
R*2} 0.159;BIO1 1 BIO11 4 Simpson #8402 W E MK FR, P {H5314 0.021 F1 0.045, R* 435124 0.123 A
0.095 ; 1fif H & i B AH 5 H 7 ( BIO2 . BIO3 BI04 BIO5 ,BIO7 . BIO8 .BI09 ,BIO10) 55 Simpson #5442 [A] - A7 7E
A M (P>0.050) (£ 5)

K&K AH 56 BB F ( BIO12 . BIO13 . BIO14 . BIO15 ., BIO16 , BIO17 . BIO18 . BIO19) 5 iff [ & #AA4H Yk A= ¥ #h
Simpson $§ 3170 i FEAH KM (P>0.050) (£ 5)

* 5 Simpson IEHESETENXER

Table 5 Relationship between Simpson index and climate variables

e Simpson a5 Simpson index - Simpson Ei=2 g Simpson index
S HL S HL
Variables R2 P . +E3§§§& ) Variables R? P . 4‘E§é§§5{ )
Correlation coefficient Correlation coefficient
BIO1 0.123 0.021* -0.351 BIO11 0.095 0.045" -0.307
BIO2 0.023 0.328 0.153 BIO12 0.033 0.241 0.183
BIO3 <0.001 0.970 0.006 BIO13 0.029 0.277 0.169
BIO4 0.020 0.361 0.143 BIO14 0.025 0.312 0.158
BIOS <0.001 0.955 -0.009 BIO15 0.034 0.240 -0.183
BIO6 0.159 0.008 ** -0.398 BIO16 0.043 0.183 0.207
BIO7 0.085 0.058 0.292 BIO17 0.027 0.290 0.165
BIO8 0.009 0.537 0.097 BIO18 0.027 0.295 0.163
BIO9 0.034 0.236 -0.184 BIO19 0.028 0.282 0.168
BIO10 0.086 0.056 -0.293

s FeR BEAF(P<0.050) , == LRt B EH I (P<0.010)
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Fig.4 Fit curve between Simpson index and climate variables

2.2.3  Shannon-Wiener 540 55 525 &

T B 5 P U AE B Shannon-Wiener Z2 4 1 46 51032 21 5 8 H 0 S IR B ( B106) IR AF 2% ( B1O7)
BB E R (K S) , Hidr, BIO6 5 Shannon-Wiener F840 . & A5 (P =0.011) ,BIO7 5 Shannon-Wiener $5 %%
EREFIEMCKR(P=0.043) ;581 , Hog R A7 5¢ F F (BIO1, BI02 . BIO3 , BIO4 , BIO5 . BIO8 . BIO9 | BIO10
BIO11) X} Shannon-Wiener 54§34 70 & #5211 ( P>0.050) (£ 6) .

W 6 firn, BIO12 BIO13  BIO14 . BIO15 . BIO16 . BIO17 .BIO18 . BIO19 5 Shannon-Wiener 8434 7C @ 3
KK FR (P>0.050)

% 6 Shannon-Wiener 58 5SIETEHXF

Table 6 Relationship between Shannon-Wiener index and climate variables

- Shannon-Wiener 541 Shannon-Wiener index - Shannon-Wiener $§%{ Shannon-Wiener index
Variables R? P /{‘Eﬂéf?\ﬁ( ] Variables R? P . 4‘53@%?&( )

Correlation coefficient Correlation coefficient
BIO1 0.085 0.057 -0.292 BIO11 0.066 0.097 -0.256
BIO2 0.045 0.172 0.212 BIO12 0.027 0.289 0.166
BIO3 0.005 0.639 0.074 BIO13 0.022 0.342 0.149
BIO4 0.011 0.497 0.106 BIO14 0.021 0.359 0.143
BIOS 0.002 0.774 0.045 BIO15 0.028 0.287 -0.166
BIO6 0.146 0.011" -0.382 BIO16 0.035 0.228 0.188
BIO7 0.096 0.043 " 0.310 BIO17 0.023 0.330 0.152
BIO8 0.011 0.502 0.105 BIO18 0.021 0.352 0.145
BIO9 0.023 0.331 -0.152 BIO19 0.024 0.323 0.154
BIO10 0.070 0.086 -0.265

* R B FEAR (P<0.050) , = Kotk i EHI 5 (P<0.010)
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Fig.5 Linear fitting of Shannon-Wiener index to climate variables

3 itig

3.1 R XA 2R R

T 22 WL 2R MR T B 1 P VR AR B b T2 & B 55 Shannon-Wiener ZFEVEFEER . BACIR 2 A ¥IME ( BIO2) IS,
TEAF R 22 (BIO7 ) 55 R 5 #At UR A M P o 22 A I8 25 T AH 5, 638 43 3 b () BF 9 245 SR AR e B0 1 2 A0
FEPY . TRER R KR T, TR 22 /NG M X TR A AN A X e 2 Y R 2 g e e 2 A IR T R 2 A K A
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SR, B v ] W e R 2 R R R T R KRR E AR A T s R & A A T e
AR, AT/ T 4 b R BB R 7 1 DX SR 446 (4 AU ) ARBIFgE 45 SR R (P 3) 5 ik (BTIO3) b {2k T
T R B P R AR RE B R B . BIO3 K i B i 3 AR, U B AE AU AR E 1 b DX b 2R B 1,
M A A M R 2 250 i R SO X AR R ) AT L 1 — 3 W38 P, R A 3 TR 2 ) 6 Bl It
AT BB AT B b %) A A7 K S 7= A AN R 2 )

FEXR (BIOL) i H 0 AR ( BI06) Fld ¥& 2= V- 24 J& ( BIO11) 5 Simpson L #4541 @ 3%
TAHIE, BIO1 ,BIO6 il BIO11 A9 f7RH 5G4 T 8 5 FAHE YR A= 5 b 40y ol X6 3k B P TR 32 M AT G, SO 1 3Ry IR A
AR T 32 MR 25, DB ) K ISR 1 AR ) A R B AL T R i MRS IR, DA ITT o 35 2 i W b 2
PED FESRGE AR S R G WA B T YIRS O R R B, 30 G TR A iR A SR | LA i (T T AT
URAE AP A RE T BN, Sandvik 25 NN & PR, v TE 41 A R G IR I R 3R B A B AR Ak, 5 8
WIRh ZREPERRAR DRI, Fev8 003 R R4 25 B A (0K 14 T8 W i 2 RIS A b i A A AN oA 2 b i S i 4
Fh Ak . 2T ARk ( BIO4) ez 4y fe i Il ( BIOS) (e it 2= B V2473 B ( BIO8) i T 2= P34
JFE (BI09) FlR % 28 B - YR ( BIO10) 325 W R 2 RE M e At 25 A0 G, I PR AT B2 1 e & IR D B 1
e T A A AN BT HBFSE XA AR S A9 BIOS (BIOS Al BIO10 {£ T 33°C ,BIO9 & T 18°C , ¥k ik
F R 5 1 e TR RV AR
3.2 BEKEH XY 2R R

AT &R K A & F ( BIO12 \BIO13 . BIO14 \BIO15 .BIO16 .BIO17 .BIO18 . BIO19) X} if g [ #AHT Ik 2k
B ) AR T B R 3X S A R AR B R Z AR SRR B G RN TR] KSR AL T IR A B
YIFh Z REPE R O SRR B K, SRR W] RS2 . — 7 1, R AU 7 R AR RE S 5 b R SR R[], ARV R
Sy T AR b B AR AE PE AL (H R TR AR K B K T 1000 mm ™) B oK 7o il , il ol Xof o
KPR B R AT 5 1T 8 R D) 2 S 55 M YA i Y A R M A 2R L b Uk AR R b A Tl R B A
], AFSE- R K B 400 mm AR REK AR S ORHB 43 b X AE32 R IR, R, K B B 388 I g &L
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T FE AR A R BURE . AT IR AE R AL TR 22 K K /D i BR B v LA B 2R A v e 9 T S T K 1Y
L7/t - L VAR | I XX Leymus chinensis ) FIK4EF 5 (Stipa grandis ) 55 , % R A8 AL A5 480 13 Dk, 52
WK B 2 i T 5 e A AR

4 g
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