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Relationship between species diversity and functional diversity of plant

communities on different slopes in alpine meadow

LIU Minxia“ , NAN Xiaoning, ZHANG Guojuan, LI Bowen, XU Lu, MU Ruolan, LI Liang, YU Ruixin
College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070, China

Abstract: Community species diversity and functional diversity is one of the hot topics in ecological research, and it is great
significance to protect biodiversity and maintain ecosystem functions. In this study, the change and relationship of species
diversity and functional diversity in different slope aspects of alpine meadow were discussed by field community survey, R
software package (FD, vegan) and single factor analysis of variance (ANOVA) , so as to reveal the adaptation strategies of
plants to the environment, the functional characteristics of community species and the change mechanism on microhabitat
gradient. The results showed that; (1) from north to south slope, the soil water content (SWC) and soil organic carbon
(SOC) presented a decreasing trend; the slope gradient (SG), illumination (LI), soil temperature (ST), and pH were
increasing ; the soil total nitrogen (STN) and total phosphorus (STP) were significantly lower on the west slope than those
on other slope. (2) The species diversity index decreased from north to south slope. (3) Plant single-trait functional
SLA LCC LNC LPC

(4) The functional richness

diversities were significantly different on slope (P<0.05). The PH,,. ., LWC
LKC

FDrao FDrao 2 FDrao 2 FDrao 2 FDrao 2

on the north slope were higher than those on the south slope, except LDWC

FDrao FDrao *

(FRic) and functional dispersion (FDis) of multiple-traits decreased gradually along the slope aspect gradients, and there
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was no significant difference in functional evenness ( FEve) between slope aspects. Correlation analysis and path analysis
showed that the main environmental determinants and limiting factors of functional diversity index (functional richness,
functional evenness, and functional dispersion) were different. pH was the main environmental limiting factor of functional
richness and functional evenness; soil temperature was the main environmental limiting factor of functional dispersion; and
the main environmental determinant of functional dispersion was soil water content. (5) The species diversity indices had
positive linear correlation with functional richness, negative linear correlation with functional dispersion, but not with
functional uniformity. The relationships between species diversity and functional diversity and their response to
environmental changes determine the community ecosystem function. At the same time, it can be better to understand
coexistence mechanism of species, and the relationship between biodiversity protection and ecosystem functions and

processes is of great significance.
Key Words: alpine meadow; slope aspect; species diversity; functional trait; functional diversity
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W R ISR XZ AR S R G A Y SR R RS . ERT, 6T R FE R A RV 2R Uk
(R M B RE AR HEA TS 1) | TG ACH 19 2 45 A AL SR TN A T ) 2% 1, 3 B0 FE R A A W T A
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1.1 BN
ARG DA, H 7 e 0 L L5 P 1 < 2 M R 2 e 9 B ) 5 10 Ml 2B 2 R G (AT 5 - BT A5 3 (33°58
N,101°53'E) , P34k 3500 m, J& T~ FEMR I A S5 A2 1.2 C 1 HFARIR-10 °C 7 A FHARIR
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11.7 C A TCRRIIR Y 90 d 24y ;6—9 H A FEK B 780l 45 F- BB K i 620 mm, TI3EJE T e € f 1, 1%
o DX AR 9 S A R PR A K B B 24 (Saussurea hieracioides ) 28 W Jg BH ( Gentiana farreri) | B 1€
(Astragalus membranaceus) | 1R " 5 3¢ ( Viola striatella ) | 4: 7% ¥ ( Potentilla fruticosa ) . %498 %% 0% =% ( Potentilla
anserina) \Z JL( Gentiana macrophylla) %5 %% 5 ( Ligularia virgaurea ) 55 22454 BLARFHY)
1.2 Ui

T 2018 427 AP a2 8 A b (AHW)AE RIE RS ) B4 — e LA 7355 B i) LL B AT P A 4 GPS
HEAT I 1) A, VIS A 7 T AR R B 5 AN [R) 3 ) ( RPAG DAL V8 P ma R 3% ) o A6 BN 305 ) 14 ) — g B
BE 8 > 50 emx50 em /NMETT  FETTIRIFE 1 m, 340 AFETy . XIREDT N R AT LR )2 R A ) s 0 4 2%
Wb (AL M) e IR o BT 3 RN ARBERM B R MAT R IR EAR R 50 mm /9 4k
KX LR T HRRE R 0—20 om, ZEERATTG B HRE A B B4 [ 5050 5% S8 o Ji - g fif B
OFR L, PR OICE A 105°C I RLA AL B a8, Rl HIERES AR TR TIRZ L8, RER
ANFETT RN IO HE AN A s T TR IR o
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TR 5 5 1T HT8318 M EE SLIN i A [+] 35 i) 1) 016 B iR 88 5 - S BILA R T % 1R P A I A 0 o 5 18 AR
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1.4 B ohRgteR ey

ABFFEIEIC T 8 AMHPIH DIRETEAR , 7300 M) R FE (Plant height,PH) (3% 7K ( Leaf water content,
LWC) FbrF 1AL (Specific leaf area,SLA) W4 it (Leaf dry matter content, LDMC) 45 HLEK &% & ( Leaf
carbon content, LCC) M 2% & & (Leaf nitrogen content, LNC) 28§ & & ( Leaf phosphorus content, LPC) }
-4 & i (Leaf kalium content, LKC) %5, AMETT N EEFIY)FIEEHL EHE 8—10 BRI H Ak = (PH) | BUH:
FH{E ., H CanoScan LiDE 110 34 4 - I AR, HMEAE (75°C) M /e FRmt Ehr, 8K & = (B fE -1
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FH RIETF“FD”AH 1 Rao's XK T FEFE L (Rao’s quadratic entropy , FD, ) #EATi14A

FD,, = 21 2; dyp; p; (3)
o, d, Al L SR j DIRERFERE RS p, el E‘J/jl\leiﬁlﬁﬁ/l\ﬁiﬁﬂg He il
(2) ZICHRIRIIRE 2 1%
ZICIRIR I REZ FEME ] 3 A 245875
1) hReF 5
2005 4 Mason %42 i ] functional range $8HORITE Z 0 R IIEF B (functional richness, FRic) M,
HAt AN

FRic = SFic (6)
c
b VIR TERES h T o B9 A S T SFie 3R s IR o FERETS Th Y48 X RRIEE /N Re 7
2) ThRE¥ A B
T ZICHREIIIFEY S (functional evenness, FEve) 8801 Villeger 2542 H A9 A R HE > .
3 f;'lmin(PEW,,Sl_J - 1 1
FEve = | (7)
1 -
S-1
EW,
PEW, = ——— (8)
Y EW,
EW, = M (9)
w, + w;
Krf EW FoR 51 dist (i, j) FnPrRt i Fj B S w, R | IR E |
3) Uite B HUE
FIH Laliberte Fl Legendre i} B2 S T R B B S EL (functional dispersion, FDis) :
c=[¢]= zajxij (10)
Z 4;
FDis = 2 5 (11)
Z a;

2 RORBERE IR j BT o B IAURR L LA B
1.6  #dnsrtr 54b

FHI Excel 2010 Xt PrA 86471155 R 3.5.2 AT D e 2 ARV UG a2 5, JF ] SPSS 18.0 ##17
WG T 1) AR ) 0 R 5T K7 ) R 22 R DL K T e 22 4 P 117 38 I R J7 22 50 B ( One-Way
ANOVA) Jf-H] LSD J5 B sk e ;2) DhRe et S 1038 A0 [ 73 Ar S 42 0 0 3) Wi 201k
HUIREZFEVEZ A Y Pearson AHICHESMT . 12 H Origin 2018 7RI,

2 HREHS

2.1 EEALHRSEE b Ak N AR R

AR [ 6] A6 B (L) 5 R 3R (ST) A7 3 22 5% (P<0.05) , MRS Ik FAuhl, mdin+
e K i (19.69% ) B S A T HoAt 3% 1) ; 1438 pH R 3 B 5y AU, By madi i (7.85) , At et (6.45)
Pl ] 25 53 .25 (P<0.05) 3 BE (SG ) H RE 3 1] AU 35 720 47 338 D, % 1) 1R 25 57 B8 2 (P<0.05) ; db 3% 5 P b3 11
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SOC .STN 5 STP i T HAb 3 1], JL3E 5302 : SOC (48.42) (STN(3.67) [STP (0.48) , A [m 3 1) HAT i 25 22 7
(P<0.05) , HPuB I i (£ 1),

F1 BB E LT EEARE TR CPEL R ER)

Table 1 Changes of soil physical and chemical factors on the south-north slope gradient ( mean+sd)

THAPER AR Ak

‘lﬂ.ﬁﬂ'LI/ yE [5e A~ )¢ - o “
HEI ok E’Z it AEEAR Lgon mwses S0C/ STN/ STP/
Slope aspect (10°1x) ST/(°C) SWC/%

(g/'kg) (g/'kg) (g/'kg)
b3 (N) 76.98+2.14d  19.87+0.64c 31.06£0.75a  6.45+0.26c  22.04+1.19d 56.85+1.51a  5.37+0.32a 0.69+0.02a
Pab3 (NW) 77.58+1.98¢  20.65+0.28¢ 30.44+1.34a  6.68+0.24c  23.44+1.70d 52.86+1.98b  4.83+0.27h 0.70+0.03a
PaHE (W) 77.82+2.0lc  21.46x0.81b  25.28+0.81b  6.94+0.26b  26.17+1.23¢  48.42+2.23d  3.67+0.47c 0.48+0.08¢
PERG I (SW) 79.00+£3.05b  22.22+0.94ab 21.26+1.86¢  7.25+0.27a  28.02+1.07b  50.76+1.26¢  4.73+0.24h 0.56+0.04b
MH(S) 81.22+2.19a  23.54+1.21a  19.69+1.57¢  7.85+0.19a  30.41x1.06a 50.89+1.44c  4.47+0.18b 0.52+0.02b

KR FHRERZER T E (=0.05) ;LI YR Ilumination; ST: + & Soil temperature; SWC + 44 7K Soil water content; SOC; A
HLAK Soil organic carbon; STP: T IEA ML Soil total phosphorus; SG . Yy B Slope gradient; pH: T SRR E Soil pH; STN: + 1 4% Soil total
nitrogen; S: FiY¥ South slope;N: Jt3¥ North slope; SW . PHRIIE Southwest slope; W Fil West slope; NW . FEILIE Northwest slope

2.2 AFEE YR 2R L

ARG 3 2 b 3 19 A8 Ak i B2 7, Margalef 48 %% . Simpson 45 %4 . Shannon $§ 2034 2 B Wi G ka9, Hordr
Margalef 54X Simpson F5AEACIE 5 VUACIE  mad 5 VU R 3T Wl 35 25 7 (H A ) [R] 22 57 1 3 ( P<0.05) s 14
W5 VU RIS RY Shannon 15 B 2 25 1 25 5 (P>0.05) , {H 5 P3| YAt 3 K Jb B 2 1l A7 7 1 M 22 57 (P <
0.05) ; AN[F3% ) BB BETR] ) Pielou F8E0CTC i 2 Mk 22 5% (P>0.05) , HAEPH JL 3R 7Y R 3 11 90 05 K {B (0.83 ) il
/IME(0.70) (1),
2.3 mdLBEREE AT RE 2 REE AR AL
2.3.1  —JCPRRYIRE Z BEE XA RIS h] 4 e

T 3 0 AN [ 3 1] — TR I BE 2 RE P (36 2) BF9T & B, JL3e Y PH,,, BB & T HAB 315 ( P<0.05) | B 3
5V R ) 25 F AN 3 LWC 1y, 5 LCCy, MR A — 350, DR 33 1) AU 33 720 88 4 1 5 3 &I TV B Bk ( P<
0.05) ;SLA . I KAA (1.06) Al /ME (0.53) 430 HH BUAE PE b 5 VG R e, LV % S5 Pa s (el o 35 22 5%
(P<0.05) ; LDMC.,,,. IAART0 i #5538 BIOR B, el 633 1) g 30 20 s 3, L e 3 5 e 3 22 S pk B 38 (P<
0.05) ; LNC,,. A3, VISR Ik, PO 3% 5 VU a3 L ma B S b i 25 SR Wl 3 db 3 LPC,,,, K, B3 i
/N, Va5 P R 3 Y 25 58N s LKC ., B AGHE 1) R 32386 98 ( P<0.05) |, 76 P p 33 5 1K

F2 mdeHBE E— iR ThAE S
Table 2 Functional diversity of one-dimensional traits on the south-north slope gradient

B OPREKEE WORERL  fETRBAE RREOR ORRESRE  OHERRAE R R

i’}i aspect Urie 2 HetE IJJﬁEf;’&‘@ IJJﬁE‘é#ﬁ IJJﬁEé;jﬁéﬁ ] ﬁ?féﬁéﬁ IJJﬁE%’ﬁE‘@ b} ﬁﬁféﬁéﬁ IJJﬁE%’ﬁE‘@
PHyp, LWC SLA pprae LDMC .., LCC e, LNCypre LPCpp.a, LKCyp,
JEHE(N) 0.87£0.03a  1.070.07a  1.03x0.11a  0.47+0.13c  0.83x0.07a  0.990.07a  0.69+0.03a  0.74:0.03a
P (NW) 0.72£0.05b  1.09£0.04a  1.06+0.12a  0.640.15ab 0.86x0.06a  0.69£0.10b  0.54£0.05b  0.62+0.04b
PU(W) 0.64:0.07c  0.98+0.08h  0.81x0.09b  0.87+0.09b  0.71x0.06b  0.54x0.09c  0.44:0.04c  0.54=0.04c
PRI (SW) 0.35:0.09d  0.75£0.10c  0.53+0.07c  1.05:0.10a  0.45x0.07c  0.57%0.07c  0.46:0.05c 0.42+0.05d
FEYE(S) 0.34:0.08d  0.280.08d  0.60+0.12c  1.14+0.12a  0.29+0.08d  0.68+0.08h  0.28+0.04d  0.45:0.04d

AR FHRRRZF B E (a=0.05); PHFD,, . # & 18 £ ¥k Functional diversity of plant height; SLAFD, . LI TE FR 3 g £ #E 1
Functional diversity of specific leaf area; LNCFD, . "M & & s I REZ FEPE Functional diversity of leaf nitrogen content; LDMCFD, : W45 & 5 1)

EZ % Functional diversity of leaf dry matter content; LKCFD i A B DI e 2 HE Functional diversity of leaf kalium content; LWCFD,, : I

rao * rao

R &Kk 8 2 FEPE Functional diversity of leaf water content; LCCFD, . M R ik % = I it 2 £ 1% ; Functional diversity of leaf carbon content;
LPCFD,,, : "M R 8 & 2B 2 Functional diversity of leaf phosphorus content
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Fig.1 Changes of species diversity on the south-north slope gradient

S: Yk South slope; N: Jt3 North slope; SW. PHREHE Southwest slope; W: Pl West slope; NW. PHJt3% Northwest slope

2.3.2  ZICHRIRIIREZ LTS [R5 (e 1

2 KT ZICRIRIIBE 2 FEME B SR ARAE . 72 AR 3 o b 3 9 A2 fb i A b, DB 3 & B (FRic) 52
AE RS HIURE (FDis) St i, Pudbssems & T At (R 22 B A 3 (P>0.05) , TIfg ¥ 51 B AR At S8 ok P 22,
W m fa) 22 S EAR B35 (P>0.05)

A PIHHTRI (£ 3) , Thie 35 IR 5 B D AR B B8 1 5 3R 58 R #1038 21 e 3 K P (P<
0.05), M (a) Al BEE L1 pH &K R AT, DHARE = 5 B S BRI 5 Bl 1 TR R - 1 A 3
T Tk s TR (b) Hr T 1, D REI 4] FE 3 R 5 9 AWl (0 180 fin g 388 K, Bt - 398 pH 3407 A A1 5 M 7R
(o) Hal A, THAE B BE bt 76 HHE Ak 6 RE R AT e, Bt 3% pH A T I A

R3 HEYHEDESHEME(FD) SRERFHERSEEASHT

Table 3 Stepwise regression analysis on the plant community functional diversity (FD) and environmental factors

BT R Z
Bt Environmental factors Functional diversity
Slope aspect
Xl XZ X3 X4 XS XG X7 XS Yl YZ Y3

e (N) 76.981 19.871 31.059 6.451 22.041 56.849 5.376 0.694 2.528 0.608 0.755
PEAL3 (NW) 77.581 20.651 30.439 6.681 23.441 52.860 4.830 0.703 2.588 0.626 0.784
PEYE (W) 77.821 21.461 25.279 6.941 26.171 48.420 3.668 0.483 2.172 0.661 0.673
PERGIE (SW) 79.001 22.221 21.259 7.251 28.021 50.762 4.731 0.562 2.114 0.688 0.584
MY(S) 81.221 23.541 19.689 7.851 28.411 50.889 4.469 0.519 1.430 0.648 0.418

Y, : DIREE B FRic; Y, : SIREHIAIJE FEve; Y, . DIREBIMUE FDis; X, : LI(10%1x) 3 X,: ST(C) ;5 X3: SWC(%) 5 X, pH; Xs: SG(°) 5 Xq:
SOC(g/kg) ;s X;: STN(g/kg) 5 Xy: STP (gw/kg); ¥, =2.335-3.213X, +0.997X, +1.929X, —0.008X, ; ¥, = 0.515+0.025X5 —0.079X,, +0.065Xy ; ¥, =
~7.047-1.677X,+0.048X,+0.013X,+0.121X,
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Fig.2 Functional diversity of multi-dimensional traits on the south-north slope gradient

I 4 AT RS R X D RE 3 o B A B AR R AR/ . pH< SWC< STP <ST, XF UIfg ¥ &) B i B %
AR RFR/N A pH<STP <SG ; M DI AE 2 HU% B BLIEE A2 RECK /N A pH<SWC<LI<ST,, hRE & B A R
RIS R B A 7, R/ A pH< ST < STP < SWC; DHREX A BE i BR8P 7P SR R Byt HEOR/N
pH<SG<STP ; T fiE B U i A% R D3R R B /Nl - ST<pH<LIKSWC, Hit SWC sk RECH IE , Haxy
St BEBE, ST AE S B AT RE Y S B Y AR RR A P T34k pHL T D) RE R U () R B R SR P R
S SWC, FEE IR E 0 ST,

2.4 HYIBEE YR Z R S DI RE 2 REE 1A D b

X B AL A ) B VR ) Fh 2 HENE 5 I RE Z RE R Y Pearson AHCHERG I (R 5) R, IEFEEE S
Margalef 8% . Simpson 8 5B/ 1E I 3 IEA R (P<0.05) , M R %0>0.8 ; Margalef $5 %% . Simpson $8 % .
Shannon $5 %85 D) il 25 0% &2 1 2 61 G (P<0.05) A R $1<-0.9,

3 e

3.1 SR BB EE R N AR RAAIE

Yo R LM 2 HE R R 43 KA A B AR AT LSO RE R R 2R G A
ARWFTEAE RIS RPN 7 22 57 W3 (3R 1), RIS RIAEE, % DB 3 pH 352 i sl
e, 1 SWC ,SOC STN STP iZH#HI I, i F= 2 N O R SR K, 32 6 IR MR A ) I, S SO i />, #R e £
M TR, (8 SRR O g, 2R A AR, M S K R AR, AR, X S AT A B A R R
U, PREBOAR , b HEFR I BRI, X T B AR IR A4 i A, H R DR 2 AR R R K R
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EFR AT ISR L™ kR S BOE LR e LU R SR 22— A b L R R i
T R PR B R, BAT B (9 R 5 Bk . PN R 0t AR AR 1) B I, ity T P g A
TR AR B P B A s IE AT, 32 TP S LR, H A KA AR X ™ S O R A AR X
AR

R4 DESHEESREETFHERSN

Table 4 Path analysis of functional diversity and environmental factors

i b gy TOAR ke e o
: o Correlation Direct path ndirect path coefficients Decision coefficient
Functional diversity Impact factor e ient coefficients H ST STP SWC 24t R?
IR pH -0.968 -3.788 3.045 -0.297  0.073 2.823 -7.028
Functional richness( FRic) ST -0.950 3.058 -3.771 -0.3141  0.076  -4.009 -3.550
STP 0.742 0.421 2661 -2.277 -0.063 0.321 -0.802
SWC 0.898 -0.078 3574 -2.907 0.342 1.009 -0.147
SG pH STP it R?
e SG 0.849 2.287 -1.270 -0.170 -1.441 -1.348
Functional evenness ( FEve) pH 0.572 -1.386 2.098 -0.143 1.957 -3.501
STP -0.74 0.207 ~1.901 0.971 -0.936 -0.342
pH ST SWe LI aif R
YrRe B pH -0.975 -6.17 4.291 -0.436 1.346 5.204 -26.128
Functional dispersion( FDis) ST -0.95 4311 -6.148 -0.443 1319 -5.272 -26.871
SWC 0.937 0.460 5829 -4.136 -1.211 0.481 0.651
LI -0.968 1.367 -6.088 4162  -0.409 -2.336 -4.521

RS5 HEUBHEDESHEESY SR Pearson 18X 1ES T

Table 5 Pearson correlation analysis of functional diversity and species diversity in plant communities

6 Index Margalef *E"x%( S‘impson *E"x%( Shannon *IE/T%( P‘ielou j"ﬁf‘ﬁ
Margalef index Simpson index Shannon index Pielou index
YifE=F & £ (FRic) Functional richness 0.894 " 0.895" 0.868 0.766
YIRE21 % (FEve) Functional evenness 0.883 0.886 -0.676 -0.760
YIRE B HLUE (FDis) Functional dispersion -0.933" -0.935" -0.936" 0.862

* P <0.05, * * P <0.01

3.2 R[EIE YR A R AR AR R

MEE B BIALSEAR T L PiFh Z 44 (Margalef | Simpson Fl Shannon $§%%0) BA 3G K (K 1) , X FEEF A+
IR S EKERIM(ER ) MR RE N 2 YR AAF, S BOZ X B FEERS R, Y1 72 5% 22 1 i
PR 2332 WK b RAR IR A S M) A A 2E 80 5 1 A 25 A R Ak, AT 8 BRI 8 ) b ke i 4R 25
RGO , Pielou 8 ECTEAS IR ] 1A AN 1 28 30 5 HA A F 5% 285 51— 380, RIS [l 33 1) A7 26 AR ) ) )
RERE, FLAS TR i ) e ] Ptk 22 S A /N 208
3.3 —JutRRIIBEZFEMETE R AL SRR B E ARk

FAACIB AR YIRS — TR D B 22 R 1) 25 Ak A BT A A X6 B RS A3 1oy 0 3 S PR O 3 A
WIRM LA I AP 0 ABISESh B AL R PH,, LWC,, SLA,, 78 TR ALY (% 2) . i/
I T AL (933 ) HA AR A e ) - S TR EUR AL R 6% SR BB SOER B A B8 G R R bR [ 41 ) A= A SR s, fefi 75
B RESALAF A K ) TTHESERY LDMC,y, 5 8035 Tbbie, HCHIZER M ™ LDMC,,_ 1 SWC . HHEF 4
FTE A S R B - M BT R = A XS I R IBORY WS DR B A DR B BE D, BBy — eIk Th BE 2 AR
(LCCyy, INCy \LPCyyy \LKCyy ) 0015, FLAG I 16 1025 53 6835, 40l T 434 5 608 00 0T 6280 3

rao
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NGy PGy LKC,, PHESE LS SN T ELILE 69 LSV T OB ELA S5 4 003 )
FHZSTR], EAS AP REASAR LT i A AR A DR 19 4 A 0 L tho AR O Ay 388 0, 33K 453000 5 1 4 b H o oy 0 33
) A6 BEAR ) R Vs D RE 2 FEIE O BF 9T 45 2R — B
3.4 FEYIRE IS Z2 oMK D BE AP 3 1) F o

TN T4 DI RE 221 2 10 5 A ) P RE MR S AR A A 285 R e v W D RE 22 S S L A3 A Y BT, I LA 7%
W A A7 s AR ARG & B, MR 3 B Tl T R S R (18] 2) X AT RE R R T A A
pH TERI S0 =5 , T IE ARG , HL 8 pH 2520 D RE 4 5 B 1y E RS BRGE - (3% 3) , 5 S pH 2 4L A
FIRZ, N HIEE K BT m D6 £ R ) 2 A B R R R, MR R % pH 5 +
ek i B U IC, R R HEK A3 18/ 25 5 | e R MR A AR A K Ok B 32 B AE AR R B 1
HORE W RSN AL, DIREXA) B W T R D RETER 0 A I B SRR EE ) AR Th D AR ) &
W R 22 SR B (B 1) X 2R R A R — 8, KA 9 pH X AR 8 A B A SURONE L (H pH
5 153750 AH L X D RE X 50 B e e A AN J& LUK L™= A 5 ) A 45 b 35 e 3 P Dl e IR 23 A 245
ZE S RREEARIT . DRE B HURE S e 1) 2 D RE A B AP B RE MR AE A 25 0 25 1) Y B IO B, 2 b DX LA A s
YD RE S HLRE | W8 B 2 X A B R HT80% I AT LR i AR S R Ge Ak 7 g, it — 2D 1l T HE )R A T
et aE J) 1 FEASHIFSE bR B A T R B R A, S TR Ay LA A v 1 R IR AR
K T 38 7K 0 Dy RE g R 7 A BRSO, R AR BRSO B K RN R R e ) R R Y
FEIEIGER T (3R 4) , R3] AP R & BERR AR, AR 250 28 TR ARAR B 5843 1R , [l bt R ) 5 R
XTI AR RCR A S R Gk s Y L B, ThRE AR R AR S R G0 ) BE F R A O N 7, TR 2 R
P, RS R = h il
35 YRRV Z R S DIREZ HEEC R

Yrh 2 SOne 2 RAE R RS TR 0y S EE LA, I E Z R AR BLOC R N T R X AR R
G RERIADAE AT AR SR U ARG SRR W Rl 2 R S T R 2 R IR 1 0 R A AE B
FHEF(£5), DREFFE Margalef F55 Simpson FEEUE B IEHIIE(P<0.05) , HIWREF & EHE WFh £
FEPERHE AT R, X 5 IRA TR 7> — 2, R DB £ B = A e b g Aot A= 28 23 18]
PRI AR P AP E H B 0 S REMR 205 38 FELUBR ™ DR o 48 19 D0 B AR S A2t il
X GV L2 E R 25 5 — 35 DR A 5 W Fh Z 8 M (Margalef | Simpson , Shannon | Pielou $8 %) JC
B E A X S TRAT MBI A — B R LA IR SE 45 AR — 300 . — D7, MR ZRE M S D) RE 2 FE
PERIAHOCHE 73 B A B, D RE I 2] FEFE B R A AHXT IS, % |, 55— 5T, H PR AR PEAE A [ 38 1] 1) 28k A 3 mT
FITA SHRETEIR A - Wy Fp oA 8 57, R W b Z2 RE P RO S8 IS ACR 25 Th REX ST B R 281k, THRERS HIUE 5
Margalef 45 %1 . Simpson $5 %1 . Shannon #5822 83 (A5G (P<0.05) , X J2: [N O Bl i 22 R O3S, 2y
AR AR BBl S AN 3G (0 —E R EE B4/ TR 22 R

AT R T mIE R YR 2R SR AR IR TE MU E BEAR B B A I OC R MY TR WA 2 R AR
U (Margalef . Simpson ,Shannon & Pielou) SIJEEZAEMEFE R (FRic . FEve /& FDis) Wredv e . Wik 2t
PEFE B S OIRE 5 B R IR A (P<0.05) , SIIRER HUE 2 MK (P<0.05) 15 DIREH ) T
FADCIEFR o XTI T A AV 3 107 A [ A 45 1) A A7 SR 7E DRy 2 iy AL 3 AL HA R it e, A
T ] ARSI MR BT U5 5 AR B, B 3 0 0 95 LU S B, AL %) A A7 SR 2 i S A 200 W 5 O A D 2 [ 4
M7 ARFTEES R FE—ESE T 4RI K22 Stk E YR 2R T D RE 2 FE I i 28 Ak IR T
Wb Z2 RN R by T PREE 0 e 4 1 5 R )b A 1R Y ARG, 350 1] B2 T B D RE 2 MM AT TR I F e et
S H L DGR R E A B A A ZREIE R AP S A R B AR
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