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Ecological characteristics of macrobenthic communities and its relationships with

enviromental factors in Hangzhou Xixi Wetland

LU Qiang' ,CHEN Huili"* ,SHAO Xiaoyang', WANG Yingying’, TAO Min', HE Jing', TANG Long'
1 Hangzhou Key Laboratory for Animal Adaptation and Evolution, Hangzhou Normal University, Hangzhou 310036, China

2 National Wetland Museum of China, Hangzhou 310036, China

Abstract: To explore the status of macrobenthic communities and their response to the ecological restoration in Xixi
Wetland, we surveyed the diversity of macrobenthos at three areas between in August of 2009 and May of 2010. We
recorded 45 species from 15 families, 8 classes and 3 phyla. Limnodrilus hoffmeisteri, Aulodrilus pluriseta and Bellamya
purificata were the dominant species in Xixi Wetland. The density of Annelida of area I , which was carried out early, was
lower than area Il and arealll. However, the changes of density and biomass of Mollusca were different. Total density of
macrobenthos in area I had no significant differences between area Il and arealll. But there were significant differences in
the total biomass, number of species, Margalef abundance index and Shannon-Weaver index. These results suggested that
the diversity of macrobenthos had been increased and the quality of environment had been improved by the restoration

project in Xixi Wetland. ANOSIM showed that the structure of macrozoobenthic communities differed significantly between
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different areas and seasons, and the main contributing species were A. pluriseta and B. purificata. It indicated that the two
dominant species were sensitive to the changing of environment in Xixi Wetland which could be indicator species in
environmental assessment of Wetland. Using BIO-ENV ( biota and environment analysis) , we found that water temperature
was the key factors affecting the macrozoobenthic communities in spring and summer, whereas water depth was the key
factors affecting the macrozoobenthos in autumn and winter. The total phosphorus of sediment was related to the

macrozoobenthic biomass and community structure.

Key Words: Xixi Wetland; macrobenthos; species diversity; biota and environment analysis
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PR TR P R BUE 2 R3S B i 5 A I R W A DY 5 % 45 AR SR 15 e, AR I SRl 1 A TR AR
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ZEA DR TR PR Sl RV 235 0 1 Y A AR S D PR A 8 R v Y it 1 A A2 A B IR BE AR LA B B IR Y
AIRREE R 2%

1 MREAZE
1.1 WFFEH A

VER I 7 FHIT A BN T X PGEE, M A 11, Skm® , 2 ENH— A ERIBHARE, PR ESKE 5%
P TRET 2003 AE A IR 43 3 WS T i, R BORIUE S RIS B 8 RIS T BV W R B 52 4 A A AR
A, VEERIEH— IR TR ( T X)) A7 F V5 R H 8, F 2003—2005 4 J ik, I B AR IR F 5%
KHREZ) 6a BF ] ; IR TRE X (I X)) 7 T PR G 25358, A2 E] R 2006—2007 4, BE B R AL 3 4F
Fa] ; =W TR X LX) , A7 T 74T , T 2008—2009 4E #4785, AL M sE s @i (1) .

1.2 SREE S SRR
A 24 DAES(E 1) 1—8 SHE AL T PHENRHE 1 X ;9—18 SHEfi i T 11X ;19—24 S 57
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Fig.1 Sampling sites for the surveys of macrobenthos in Xixi Wetland

FMIX, F2009 4-8 A% 2010 455 AR LR, 4808 H(EZ) 11 A(#ZF) 2 H(%%F)Ms5 A
(FZ), IKIFER R ERREA 1/40m” 2 RS AR TR, AR S A R AR 3 W, B30 1 M RESL, 7
B 0. Smm B/ RET 23T R IR , et o 16 i 351 35 P B — W IR S35 1 AR A 109 14 YRSV 10 )
FUfH, G EARES 7RSI = o An AR 48 8 2R e IRI /2 o0, RS FETHEET , B An A L R ) X g1t 3k
B, FRERT, e FHUEACKEFE S R IR R T FE R T 3 2 — 7 RF- (AL204) FREE e B R A i A
PRBIOR B B A 1 m? TR (/m?) FIAEE (g/m?)
1.3 ABEHFNE

TERAE B 0 2 KR KR pH A 4, pH FHAE SUIR BE T (HI198127 ) I 5, ¥ i 80 H ¥ S8 7 T A
(DO5510HA ) M AE . TEASHE s FHB A AR UE AR CYE 1 WK, 47 Pl S2 g0 2, e U i Z0F Bl & & 19l 22
S R RO S Sl FH BRI - BB L L vk I e
1.4 BRI ZHEE T

KPR H LA B (Y) B 2 A Sh ) A JE 3 Fh 28 5 R I Margalef ) & BE 454k (d,,) 1 Shannon-
Wiener $880(H'") /3 AT P9I R BRGS0 200, BRTHE AT .

Y = Pxf
d,= (S-1) /InN
H'=-Y P,InP,

Xh, Po= n/N, PR BRSO SAMABAI LB, n, R 0 BOMARE, N OB R SMA SR/ i
il i B R SRS B SBCZ LE M ARG S BB, 2 Y > 0.02 I iR R 3ER Y
1.5 Zitatr

ABEFER I Statistica 6. 0 GETHEFALS FREE S BRI AT S T AR HEREA T XU 07 22 0BT (two-way
ANOVA) , IAG 6 715 1 DX S R AL SR S 1 i P2 R AR AR PR s i, I 35 MK P-
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0.05, J52E bR H Tukey HSD 56 , DA 45 25 75 Fl 45 DX IR TR JECATS S0 4 4 % ) 10 T R 25 5

IR JEE WG Bl 4 B 7 45 K 43 AT SR FH 22 il Al 2 88028 B4 M 5 i, A 355 LA F- 58 XU ANOSIM. 4347, 5[5 7
ANOSIM 434 il SIMPER 43415 38 3 35 5 - 9 B 1 ABC 1 4 X 3 9% A v A =2 1 Ptk o ik 47 4
Bt B R RC MG S 4 55 PR IR ] 9 56 2R R AE W1 S B S B0 B A 40 M ( BIO-ENV ) 1) 240 Hr v
VIREVE S5 AR U B B A S 3L A Bray-Curtis AR R 5L, DL L ArHT ¥ Primer V5. 2.8 #AFTEL,
2 GBRESWH
2.1 WS

VU NEH = XSS R ARG S AR BE IR T AN 3R 1 s, WU FIr 2240 B (38 1) , 4% IX S Bl /K L
K pHH FHAMER AT EYNFAREES(P<0.01),MKELAHESENES AR E(P =
0.065) , ZET5 710, BR/K RSN A IR R T~ Z 15 22 57 3 3% (P < 0.001)

®1 BAZREMABRENNAESHREREFAESN

Table 1 Environmental parameters of microbenthos in Xixi Wetland and summary of two-way ANOVA for testing the effects of sampling site

and season
BEIX 4 Kl KR R B o
Area Season emperatare perth pi oxygen ljtj:;/tg%;“ phosphorus
/ (mg/L) ° /(mg/kg)

I X Area I 78 Spring 23.4 0.96 7.71 0.96 180. 54 0.04
K% Summer 32.16 0.78 7.88 4.55 771.2 0.06
#Z Autumn 14.2 1.21 7.88 1.95 344.13 0.06
A% Winter 10.08 0.98 8.12 3.84 132.31 0.05

X Area Il B 24. 64 0.7 7.75 1.4 185.61 0.04
ES 34.95 0.97 7.72 6.67 394.22 0.06
®E 14.63 0.82 7.81 4.52 158.55 0.04
27 11.64 0.74 8.1 3.74 158.48 0.04

X Arealll B 23.37 1.23 7.88 1.83 143 0.05
e 33.3 1.61 8.25 4.1 291.71 0.06
B 13.98 1.54 8.06 3.43 122 0.04
EEs 10.98 1.23 8.22 4.23 172.17 0.04

XU F 245501 (P 1H)

Two-way ANOVA ( P-value)

FEX (df=2) Area < 0.001 < 0.001 < 0.001 0.002 0.006 0.065

Z45 (df=3) Season <0.001 0.288 <0.001 <0.001 <0.001 <0.001

FEXXZTETY (df=6) 0.216 0.505 0.04 0.116 0.026 0.293

Area X season

BIRTFRRATFHELEZESF (P <0.05)

2.2 REUERWGSHY) R A LA

ARG IR AL KA AR S 45 Fh )8 3 778 40 15 B, Horh SR sh W MBIRsh iR 2 | 4 di B
TR 31. 1% ; HOUOR TR B 11 J& 11 Fl, o SRR BT 24. 4% OB T B IFh 26 6 L S Fhgioy
13.4% (%2),

DML REFR £ V> 0. .02 A0 500 A5 i, 75 3 1 b K A I WG W 0 35 b o R HT K 22 18] ( Limnodrilus
hoffmeisteri) (Y = 0.446) % B8 /K| (Aulodrilus pluriseta) (Y = 0.190) FIFLIE IR ( Bellamya purificata )
(Y=0.020) (3K 2) , HorhgE iy /K 22] (0% =5 B2 70 s 7] 22 5 1 35 T 22 B 48 /K M RN BT BR b 0 b, i ) 22 5 Wb
F. ZBREKEIFREE R TR AR K 2 s 1 X2 B8 K 35 BT X ;398
IR A AR S, T XA IR 5 3 5 T 1 IXOR I X (&12) o e ah 95 1K 2 il )
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®2 BAREMABREINIABEESS

Table 2 Dominance and distribution of macrobenthos in Xixi Wetland

L7 AL I X Mmix Ji 2570
Species Dominance index Area [ Area Il Arealll P
HATEY Annelida
J GBI Branchiura sowerbyi 0.019 + + + ns
/K221 Limnodrilus hoffmeisteri 0.446 4+ 4+ T4+ ns
Wz B KIS Aulodrilus pigueti 0.003 + + + ns
2 BE K| Aulodrilus pluriseta 0.190 +++ +++ +++ 0.004
TEEIS| Tubifex tubifex 0.001 + + 0.025
BRUSIRL—Fh Tubificidae sp. < 0.001 + + + ns
AU L B Paranais Srici < 0.001 + - + ns
L@l 2 B Nais communis 0.002 + + + ns
Z 24 W Nais variabilis 0.005 + + + ns
R e H W Stephensoniana strivandrana < 0.001 + + - ns
AL A% . Haemonais waldvogeli < 0.001 + + - ns
BTV EE Nephtys oligobranchia < 0.001 + - + ns
118 Herpobdella sp. < 0.001 + - - ns
Ji & Glossiphonia sp. < 0.001 + + _ s
BAKBHY Mollusca
VMR Corbicula fluminea < 0.001 + + + ns
Il —F Unionidae sp. < 0.001 + - - ns
T Anodonia sp. < 0.001 + - - ns
[FEITREREE Unio dongtasiae < 0.001 - + - ns
RIK5E3KE Limnoperna fortunei < 0.001 + - + ns
Y& 4 NE Radix plicatula < 0.001 - + - ns
/NEIA Galba pervia < 0.001 _ + + ns
KRR Parafossarulus eximius 0.002 + + - < 0.001
SUTAYR Parafossarulus striatulus < 0.001 + + - < 0.001
KA IR Alocinma longicornis < 0.001 + - + 0.020
1% 52 Bithynia misella < 0.001 + - _ s
HF b I Bellamya aeruginosa 0.012 + + + ns
FIEIMRIR Bellamya purificata 0.020 ++ + + < 0.001
FTEMMRIR Bellamya quadrata 0.001 + + + ns
PEIC4) HL Chironomidae
K RFEML Tanypus sp. 0.001 + + + ns
Z JEFEIL Polypedilum sp. 0.001 + - + 0.020
PRI Propsilocerus sp 0.004 + ++ + 0.030
BRI Orthocladiussp. < 0.001 - - ns
SFIFEIL Chironomussp. 0.010 + + ns
BRERWL Cryptochironomus sp. < 0.001 - - + 0.046
BRI Einfeldia sp. 0.007 + + + ns
AL Procladius sp. < 0.001 + - + ns
INFEBL Microchironomus sp. < 0.001 - - + ns
A AR R Cladopelma sp. < 0.001 + - + ns
X HRUL Dicrotendipes sp. < 0.001 + + + s
HiAth Other
YR —Ff Ceratopogonidae sp. < 0.001 + + ns
1§ pupa < 0.001 + ns
W B H—F Ephemerida sp. < 0.001 + - - ns
IEIEL A larval dragonfly < 0.001 + ns
KERJE Caridina sp. < 0.001 + ns
/KB Asellusa quaticus < 0.001 + - - ns

R T EIE = 1100 A/m?; ++ F5 50 A/m? < PHHE< 100 A/m? 5 +Fm PHBEE < 50 4~/m?; ~Fm AR 13 ns 2%
FBCHELE 3 A DX ] A AP B 3 0

( Branchiura sowerbyi) %55 MR ( Bellamya aeruginosa) FIFIFEEL ( Chironomus sp. ) A PHIRIE L KA 50 %)
FE LA (Y = 0.01) , EN T FEEER G2 R YRR E
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Fig.2 Density of Aulodrilus pluriseta and Bellamya purificata in different areas

2.3 KBUJAG 4% TN ) i

PG IR b KA R S AR 24 58 B 1145. 90 ~/m” | DL shiy B4 w5 BB Y 81. 08%
VR NI ARSI, 43305 9. 04% F1 8. 91% , HAMZEFE T 7 EL B /N, KR F 5 220 Wr 25 5 R
VYV b K TR AT ) 4 8 BEAE 3 A XL 4 AR 21 [R5 2 5 (R 19 3l Wy % JE AR sl )
BRETEA X 25 55 W 3 R S AR e Ry = AR R I (3R 3) . | KA s & e & = IR T
IT DRI DX, JEEAT X 22 5 40 s T KAk s A W s e 45 2= 1 ¥ 355 1 I XA IX ( Tukey HSD, P<
0.05),

®3 AREMESEBAEREIVEE(N/m’) REXEFHENN
Table 3 Density (ind./m?) of macrobenthos in Xixi Wetland and summary of two-way ANOVA for testing the effects of sampling site

and season

FEIX = B2 EILY BB FRIA) HoAt B

Area Season Annelida Mollusca Chironomidae Others Total

I X Area I # 7% Spring 1042.5+359. 4 182.5+49.6 147.5+46.0 1372.5+345. 4
K7 Summer 667.5+139.8 115.0+35.8 92.5+41.2 2.50+2.50 877.5+138.5
2 Autumn 582.5+182.7 177.5+62.2 37.5£22.5 17.5%9.6 815.0+195.6
475 Winter 430.0+116.3 290.0+95.7 112.5+55.2 30.0£12.5 862.5+174.1

I [X Area II = 1346.0+257.2 72.0£22.4 58.0£22.6 8.0+6.1 1484.0+247.7
CES 762.2+159.8 77.8 £31.2 35.6£13.2 11.1£5.9 886.7 +175.9
(&= 1212.0+302.2 58.0+23.6 78.0+30.3 20.0+9.4 1368.0+309. 5
XZ 466.0+89. 8 38.0+11.3 380.0+106.9 14.0£6.0 898.0+134.6

MM X Area II B 1283.3+341.7 93.3+37.5 206.7+131.1 1583.3+355. 1
ES 1896.7+357.4 73.3+30.4 66.7+31.7 6.7+4.2 2043.3+339.6
®ZE 1043.3+474.5 23.3+15.9 6.7+4.2 10.0+6.8 1083.3+478. 4
S 573.3£193.4 36.7+12.0 33.3£13.3 16.7£9.6 660.0+192. 8

WU F 5 25387 (P E)

Two-way ANOVA ( P-value)

FEIX (df=2) Area 0.032 < 0.001 0.323 0. 660 0.192

Z=95 (df=3) Season 0.006 0. 646 0.018 0.018 0.019

FEX xZETT (df=6) Area X season 0.128 0.174 0.001 0.631 0.094

MR F RN BE (P <0.05)

PR A A Sh P AE Y A Wi A 237, 67 g/ m® AR89 A Wi LUK s ) ] s 6 X P 34, o5 B E W e
[ 98.36% , LR NI T sy Fidm et de, h 1.29% F10. 18% , HABZERERT & Lu s /N, BUKR -5 22 3 b &k o
WR(F4), FERIBH KRR S S AR 3 AN X B REER, | KA R EES T XA
X, I AR P AR A B = R AR R AE 3 A X ) 22 A 8 2 L e BT S R 4
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HUEYRR SRR, B SRR AR (R 4) o ARSI A Wi U2 RAE XU 5, 1 IX
AR S Y A AR T T IXAIIX

®4 EREMAMKBEENYESEBEENE (o/m”) ARNEFFTEDH

Table 4 Biomass (g/m*) of macrobenthos in Xixi Wetland and summary of two-way ANOVA for testing the effects of sampling site and season

FEIX BT WA Wik PR Hofts &t

Area Season Annelida Mollusca Chironomidae Others Total

I X Area I HF 0.96+0.24 189.4+51.4 0.14+0.05 190.5+51.3
HE 0.66+0.22 148.8%51.5 0.06+0. 04 0.16+0.16 149.7+51.5
€= 17.81+4.59 1395.7+839. 1 0.88+0.37 1.44+1.00 1415.8+841.3
A7 1.10+0.27 289.8+91.0 0.30+0.24 0.68+0.58 291.991.1

I X Area II B 1.01+0.19 101.8+34.7 0.24+0.13 0.010.01 103.1+34.6
HE 0.25+0.03 92.0+32. 1 0.08+0. 04 0.89+0.59 93.2+32.1
7 1.3520.36 142.2445.2 0.12+0.05 0.25+0.13 143.9+45.2
£ 0.89+0.23 89.6+27.7 2.67+0.85 0.50+0.33 93.7+27.8

MIX Area I B 1.01+0.29 158. 1+64. 4 0.45+0.31 159.6+64. 1
HE 1.08+0.26 93.1+53.4 0.03+0. 02 0.10+0. 06 94,3%53.5
e 0.84+0.36 35.0+30.7 0.01+0.00 0.17+0.17 36.0+30.9
£ 9.65+8.72 48.9+30.2 0.1220.11 0.52+0.52 59.2+28.3

U FJ5 265381 (p 1B)

Two-way ANOVA (p-value)

BEIX (df=2) Area 0.024 0.030 0.038 0.525 0.029

Z45 (df=3)Season 0. 007 0.152 0.008 0.304 0.145

FEIX x Z=95 (df=6) Area XSeason 0.000 0.081 0.000 0.430 0.073

BIREFRFEZEFRE(P <0.05)

2.4 KRAEUSWG SV YR ZHEE:

VYT KRB RS S PRI H(S) Margalef Y7045 FEF6 80 (d,, ) F1 Shannon-Wiener ZFEPEFEE(H') 12
R X IR ) 22 2 B (S Fy = 9.8,P = 0.014;d,,: F, ;= 12.9,P = 0.005; H': F, ,, = 13.290,P<
0.01) ,MZFEWHZRARE (F, ;< 1.28,P>0.05), PHRIEHM 3 D TRARX S, T XMEERERT 1
XFI X, Margalef #)Fh 3 & BEH5 %0 (d,, ) Fl Shannon-Wiener ZAEPEFEEL(H ) IR /NIFY N T IX > T IX >
X, Hrp T XBERTIXAMIMX(E3),
2.5  RAUEWGSHYIRETE S50 FIRR A 1

IS AT S W V% 0 KU 38 AL 53 BT ( two-way crossed ANOSIM) (52 5) B/ X3 (R = 0.205,P =
0.001) FIZ=HT (R = 0.185,P = 0.001 ) Bxf KA E AN Zh P Rf V& 25 M AP 7E i & 52 . @4 SIMPER 43 #rf%
B A DX 3845 21T K ARG sh ) VA 28540 25 57 1 R B DTk pp . S5 R R, Z B /KE ZUE IR JR G
JFE R | RS 2 5 55 DX B ) A TR AT B W A v 45 4 22 S 1) R B SR Bl T S B0 T ) 22 S i R
2B K BIE IR,

PER IR LA XA T 10 ABC BRERANE 4 fim, sE k& &/ 2 B AT ABC 421 H 3t
FF 3 1) 7 2 N 52 S, 2 Y PG U2 1 b, R Y AV s W e s 1) 52 3] — e AR B 1 T, G b A T VR R PR AR X B
(W =0.019), EFRIERE M RZE (W = 0.054) , 7EPYERIEH 3 DIXEH, [ XEE R E MR, vz i+
Pede/h, ke T IX, X BV e e P2
2.6  KAURWGSHYI RS 5B R T 1 K R

KANEW S 5 IR F A T s SR W3R 6, 453 on , RAURH A SR A & B 2 B
FHIEA R WAL W Fh 4= B | Shannon-Wiener Z2HEPEFEEC 5 K TR 52 2 TAF O T R AL AW 20 ) 1) %%
FE5 6 MR F A COC R AR B3
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Table 5 Two-way crossed ANOSIM for testing the site and season on macrobenthic communities in Xixi Wetland, and the differences in

macrobenthic communities between sites and between seasons

RB2ER 2 W] 22 57 BEMAKE  ERTET
Global test R Pairwise test R P value Main contribute species
PEIX Area 0.205 0.001
B K] | B IR 3 G R
I IXFI X Area I and Il 0.27 0.001 =& E/J( ?I,/f\ﬁ/ﬁ&ﬁ!?,ﬁ e EI
A. pluriseta;B. purificata; B. sowerbyi
A B A S
T XAIIIX Area 1T and 11 0.133 0.016 FEEA BB AL
A. pluriseta; B. purificata ; Chironomussp.
S K] 5 75 iG] 5 SP] 4
KA Area T and 11 0.172 0.007 FERAM 25 R R
A. pluriseta; B. sowerbyi; Chironomussp.
ZFE5 Season 0.185 0.001
= At ol ] . R PR I 4 Sk
LB S - 0.033 ZE H?kﬂ;l 5P Tfai?,ﬂﬂ%ﬁ@ﬂf%
A. pluriseta;B. purificata ; B. aeruginosa
B KW BUTE AR 02 . T [ R i
B 0132 0.010 Z%E E{k ?l,mﬁ/iﬁ&mg,ﬁ 3922 ?I
A. pluriseta;B. purificata; B. sowerbyi
Bt | L AR L . AL B
FE I & S 0.118 0.022 EACY: ?J(EJI ,mﬂxﬁ*ﬂi%,ﬁ/)\'ﬁ‘ﬂi
A. pluriseta; B. purificata ; Propstlocerus sp.
BRI 522 PiNAWEt il
RS 0.238 0.001 FEEAM, SR TR, KRB
A. pluriseta; N. variabilis; B. sowerbyi
Bt 8| B IR A R L 2 b
e 0.276 0.001 2B ?kal ; mﬁ/ﬂi&ﬂ% ,%/)\%ﬁﬂj{
A. pluriseta; B. purificata ; Propsilocerussp.
e, 0.5 0.001 ZBE K] U IR IR ; 75 TR i ]

A. pluriseta;B. purificata; B. sowerbyi

MW FFRFAEREZES(P <0.05)
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Fo6 REERENMEZEZHESHERFHHEIRY
Table 6 Pearson correlation between diversity indices of macrobenthos and environmental factors
iy Y LN EA Margalef YR E B Shannon-Wiener ZFE1E
Density Biomass No. of species Species richness Shannon-Wiener diversity
7K Temperature 0.188 -0.110 0.034 -0.021 -0.170
IKI Depth 0.091 0.131 -0.209 * -0.220" -0.202"
pH -0.106 -0.082 -0.071 -0.033 0.0064
4 Dissolved oxygen -0.137 -0.105 -0.010 -0.004 0.003
A Total nitrogen 0.024 0.025 0.165 0. 160 0.088
S Total phosphorus -0.004 0.211° 0.148 0.161 0.161

#* F/R P <0.05
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BIO-ENV 7341 78 (R 7) ,FEARWITE TG Je A PRGN - I JE SRR N 1AL, 5 R IR sl M e v
AR 2R ZR BCRR LU (coefficients < 0.258) o MEAAS A 7~15 IR JEE AT sl 400 e % 1O R O 2R B0mT LU & B, 6 2
SRR R W Sh W eV S5 A0 14 32 22N 7Kl  BK R Z R Wi R R JEE W sh Mt v 45 A0 4 32 289 1D 0k
TR ZAIREE I T IG5 R R Sl R v 25 K B A DG MEE o o T B BRIEE TR 1 IS DR B Wi X i e A 2 |
T H Aol A KRR sh Y v a5 B A — 2 R

R7T RBERENYEFFMERERFARRENRERFHEXRY

Table 7 Results from BIO-ENV analysis of macrobenthic communities and environmental variables

BRI T WiEHTFHE
Single environmental factors Combination environmental factors

A EL AT LIPS WEHEF

Coefficients Environmental factors Coefficients Environmental factors
B 0.257 KR 0.258 IR, B
S 0.166 KR 0.200 IR, K
T2 0. 137 KR 0. 160 TR BRI
&% 0.120 KR 0. 142 AR KRN
454E Total year 0.115 7K ik 0.117 PSR IBER

3 itig
3.1 PYRIBHAE 3 DA E I O TAR AR5 0 X IR A AR 3l W e v 45 A Rk

AU A AR RISy 45 B, R Sh W) R S A e 4l B RO & e 22 R R v
BRI B A Sh ) 1) LS g B 7K 2205 22 B8 /K 51 A BT B p 3, v 8 1Y 7K 22 0] %) 4 AR A DI
Hh2E AN 2 B /KIS MAUY A IR 0 2 B i S ) 25 5 W 3 . BRI S, 2 B8 KB ERA R 1 X
AT AT, AU B iR A 25 B2 A2 A S A B,y 1T IX R T I IXATIL X, B 22 48 /K 6] 0 25
JEE it 5 16 P s T 94 S 2 /b B 3 AT FR b MR8 B () 7 A S U AR B . X 5 RN SE I IF T4 RAHZE
L, ABATAIIFFE R B BRSBTS DK TARIZAT 10a J5 , VU BRI S RETS A ot | £ BRI BUE IR 1Y
R AE YR W BT FEARTESE P, SIMPER 434 26 W PG R 0 b AN [ 14 X sk 8 2 4 i) A Y JEE A 3
W REVE SR AP AE 1 3 25 5, HOX 2622 S (1) R STRR AN 0 ol 2 B A /K BB BT B MR, 7T L3k > 34
P X D PG B A b Ny BURR T A A P BRI SR B T A R s A

A SR TR i S B T TR KIS % AR O R S PR Y | O X 2R S R SR 2L
T, [FI BEE CRAP e it i A WA te | A BT RIS JE PR B N T lc s | B3 2l ) R B M0 ) 5 B 258 W sl />, i - 4
VR0 SRV S 855 14 AR 3 0 g i 6 n 7100 AR RS SR TR R b S [ st 3 17 TR DX ] R R
Wish) SR B R AR TARKR Bk s , R AARShYITE T X% BE A Yy i 2 B v 1 1 IX Ay T IXC Y
W T XA S e A 2 /0 F IR X, pR e L 454 DX T AR e B[] ) 25 55 0T DU
th, BEE PU IR A A A 5 PR P TR RHEE , A ORI R Sl Wy i 019 sh ) 0 2 B LU LATEAT BT TR, Tk
TRsh i BN L%, X5 Sparks 5" IIRF T4 SR — B0, AT A BIF 5T 45 S 7R 2 ol X 56 [ 4% P 7
P AT AR SR S, HOR AW s i BRI A AR 1 7R Ak R IR AR Sl 0y 10 %85 B L AR AT B i ey T 2R
B R WA TR R . — A BRYT Sl ) v %) B0 A TN A 4Ty SRR ¥ e A AR KT R KA
SR T AR S A B S BEE KRB KT I THE A PR3 AR R 3, TR R 1
DX R AR B ) 3 R TR A A 1 T DX L X T B s | o S A v AR 3 o 22 B A /K s ) 2 B AR T XA
X2 /NT MK, UK AR AR S0P 1 2SR A& 3 nT LU | VO3 N b o O 4 TR i il
PR HIK ARG 3) T —E ek

ST R JECAT Sh eV 2 Bk R EICH Margalef 3541 (d,, ) il Shannon-Wiener 540 (H') ' AHf5E
H 3 A TR X Margalef F8 %01 Shannon-Wiener T8EU/E 454 TFE X [AIfFAE 22 7 W3 PIAPE AR IN T IX >
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X > I, FREAPIF R B A (L TR 7 s R R IR e g, AL S X s v
JCER RS KRB A SR Y 0 AT ) A, W5 3R Bk o R0 5 VG AU AR A T i IR TR, A3 PN R B ISV 3l
W ZREMEACT A AR R, BT S5 X S5 I MRS h W A T TS, R BB IR I I T TR
REVERG S Y Z R R IREE TR (BBEE LA G, 2R B BTt ASHIETERAT I PG 13230 1 1L XM 1
SERMIRIRELR , 2R 24T Y05 KB Sh A 1K 5 A i T B, T AR AR St T B iy T I IR BUAE B 2
I I S ) Z2 Rk AT BERS I, BRI , AN HERR IS TR AP 3 7T BE 2 1 A PG 32 12 1 A [) DX sl
A ZERNERENRZ —, X PR KBNS YR 19 ABC 2 #E47 20 #r , R W] 2% A X 44 52 3|
TS B4R 2l 8 X LA BT R R R AE e i e A FE S R | KR R e Ml , 2 TR /s,
Yo T IXATTIX, R n] LI Y P9 REE bl o R TR, R sh YR fe e A LT a 34,
2T ABC 2k 7R P IR R B A S IR E 7 A TE — € W T3, BRI =, 2 ZR IR sh WU RE 75 Fe e 1tk
BUFTHRER FTREE B TAER MR 2= | BE /K IR A2 8 Iy, KA sh Y b T 258 AP g 4 B Be, 7
V&SSP AR, W B R e Mg 22 . B AR SRS ORI TR S X B M A= B AT T E MdcE 5
[F) I 25 R — s B9 AT, AU AR A7 PG R b G T, EL PR AL DL — 2 s A B AR B, 24 R ik
AR SR TR 0T IR 2 B AN ) B9 B0 (57 50 SR ) R IRV IR0 3 A TR DX 5 AT
B Margalef $80F1 Shannon-Wiener $8807ES A XIS P A A 22 R B33 Fegfug Ry T K&k, 1
XU Z, DX 5 R T A /) | 2 WY VG V2 0 b 8 o O A TR R BsF [ (R HE 3 AW ) 3 Fh ZREPESR 20 2
FERYEH AT L DY BRI I S KR Sh R v 7O ABC 2R AT 2047 S5 R o il | IX BRI AR E
PEfemy , 52 TR /N, YR R, I1 DR I DX R PR 22 L AT DA Y D R 0 b 3 o (R 4P T 7%
AR HRBYUR S Y I R e Mg e R B — e T I B S 3 BT aa s, DR, YRt A= 25 4 T
FRRLI N AR 1 IEA Sh W RE v A E e, XS IS S R EVE 7 A T —RE 9 A T3 AELBEA I 18] B HE33E , e 3l 4
AR R R B 7 A R A, 25 BRI DR TR R R 1 XA 2 2 R PR RS R 3 e T
ARHEAT O AP TR A BRI S, X SR A A S R AR 2 i Bl b 3@ ok T 1 S R 45 21 b v
BRI A AR T AR AR s i R B
3.2 PYERIBHORBENG S5 EEE R 1 C &R

VFZWFIT R, R IR 2715 52 i K TR SRS 20 40 43 A (0 R 58 DR A7 7 B 22 502 R S L EIE 73X —
A, i3 BIO-ENV Jp A48 53R & B, BRI5E R 15X R B I S W R 7 2 4 o2 Bl 2= 5 e fb i 22 Ay, Horp R 2=
5N KU SR Sl 9 2 R 118 3 PR 2 7R 5 Bk 2 R A4 2 B2 i B IS VG 2l 1 R i 5 4 1) 2 22 R - Sl ok
W, HEME T BEE KR EE TS KBRS Y 46 S8, HMAREOR A= Yy B B a2 385, PRk IR 2
SN 75 22 2R R I Sl ) 0 A 1) F2 IR A 1 s Bk R A 22 50 M) R B AV Sl W A 7 4 A 1) 3 52 i K]
FIE KT, 7K R B EA Sl 10 0 oSS A R 93 A7 46 Jm A AR DR AR S0 it 2 7K A TR 8 1, R JEeAv 5
W) (1 P AR S Bl H D BRI KIS B IR Bk B N A e R AL sh ) 40 A () R 7, (HIREE R
XF A Bl 08 S i i — > 3 S 2 1 (R, R B AR PR - AR 22, T LA B8 PR -7 X6 AV 3l 40 1) 5% i
WARTE R —F, B S FEXT =110 KA sh P I 2 43 A 5 2058 R (19 56 R IEA T 90, 48 HOR KA
Wi BB R 73 BRI 3R & B SR R FIR BB A KR o ZEAHIEGE b 2 1 K AR B PR R A
VR E TR 5 RIS 0 5 FR | PRI SR 20 B DR AR PGS 20 0 ) S B PR 2 D)5 S o) DR AR R G 2l 4 1)
WGE R 5 AT AT ) oA, A R — 2B 5T
Bt BB BT R A AR SE R | Ol R E AR B AR W A oS M e T R 45 T RS B
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