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Abstract: The combination of low pH and high concentrations of metals associated with acid mine drainage would have
severe toxicological effects on aquatic ecosystems. In order to evaluate the potential impact of acid mine drainage on the
benthic algal communities in Gaolan River, which is one of the three main tributaries of Xiangxi River, we chose three sites
in pyrite mining area as impaired group (I), four uninfluenced sites were taken as control group ( C) and five sites as
recovery group ( R). The results showed that benthic algal density, chlorophyll a concentration, ash free dry mass
(AFDM) and autotrophic index ( AI) were significantly affected by acid mine drainage from pyrite in the upstream of
Gaolan River, while dry season affected seriously than flood season. Correlation analysis showed autotrophic index was
positively correlated with metals and negatively correlated with pH, so AI could be a better indicator in the case where a

pollutant such as acid mine drainages.
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R AR I 4R AT b RS S0 LA A A R 2B U Cu AL Zn Z55E A KRS o BRYES LK 1K
) pH i Mk BE 428 1 L [FFE A AT XK A S R G0 7= A 58 K 2 ) (L FE ) A2 A AR S 1) %
He W REVE IR WA TS TS SR D R R U A I O, AL B, K KM RAE S R R,

BRYER LK ZE LR LAl 2 AR N — R RS SR e 5 R Exr " . B, RE
FOBRIES™ LK AL A 2, T 2R IR e B S R S ' RS TR E X RIS LR K ST E
SR T BE VR, HRARERABIS F B PG T, Xt A Y7 T ST AR X A

YERTIR A RE WP =, RGBS R [ AR 0 TR — AR5, A Rl i i B s =AY 2R Bk 5
PRy fEE  RA S B2 B WE AL T RS , B T % T s Je 0 i BAR SR AR ' s BRI TT B Bk
LR K DX AT S 2R VR R A, T A RS PG SR 2 X R A LB 7K By e 1 5 PR JIRAPI BE S P BRAYE ™ LU K Y 32
MR AR B
1 #R5FH=E
1.1 BSOS E

R RFRAN = KREELIRMZ —, TWROEEAFTRT, ZMXEET R 127.4 7, SRR
40% Wit ELEET T . KBS R EE T 20 HiH4 80 4R, i T M R IB 2 T 2004 4R L0, H
T ILAEFF RSB, 0B A St T b 3 B HHEA R IR B, X 1R S TR b K A g e 7 B, B0 R TR R —
ZCBURI Y VRIS P BN . Eh T2 X R WAV RS M, ok B B BT | T K SR S M 2 R
SRS EE R E ™, I ABITE 433 F 467K (2006 4F 11,2001 4R 1 F) (FEK (2007 4E5 A7 A) Bii~af
B, AR RIK EAE O T BRYED LB K X AT BE 28 1 e ma A2 B I EZ iy 2 A 1

H#% BACI ( before-after-control-impact) {3236 JEHE ™) 788 MR R I B 12 MES (B 1), X B WS
H& (control, C)-3Z4i (imparied, I)-¥K& (recovery, R) B, & A o F A #EATRAL, PR B BRIED 1L K K
) w7 AL ] R

(1) BERGH™ (pyrite, P) B8 b I8 32 Ji B FHTNC A S — B, B EX 3 AMFE sV R 32 10 4 (imparied , 1) ;1%
B 2 19 km, o] PRA [ 72 B b 4 SR 0 DURR ) o 7 5

(2) TARZIGYH E FATAIER 4 4-%F B & (control, C) ;

(3) NE FRHCA SGRER S M RAE K E 4 (recovery, R) i B4y 30 km,

1.2 BRI
1.2.1 REEFHE

TEARE A BENLEEE 3 ~ 5 sk MR K M B EK a MESH R, Rt 5 E 100 mL
YW GF/C R g /5 I & G K T (ash free dry mass, AFDM) ™, &AMEE S EHE REE 3 K,

1.2.2 3{bI5hs

MM E pH 7 (Cond) (K IR (WT) | BV 1 [ 4 (TDS) (HORIBA W-23 ZZ$UK 4 #Hr{Y) , LID
RUFT B2 (I 8 Pl A KR, B R E K E TR o [RlB B— e 7KL 0. 45 um SR FLIE B U8 J5 Il BR R
b2 pH <2, 77 [F] 5256 % FUBAR & S5 B8 IR 1 R SHOGIE /BT (ICP-AES) Ml & SIS RES B . AR EE
W& K £ /EHEHH Cd.Cr.Cu,Mn.Pb.Zn Fe Al Ca il Mg % 10 # &8 .

1.2.3 BB

FIFH SPSS13. 0 FEATHH /317 Fl 22 SR 36 , AR 40 EZAE Excel 2003 J¢ Origin 7.0 E58 .
2 BRESH
2.1 FEREFEL

ME 2 BILAE H 11 AF L AR RERER D, At S0mm,5 A7 B4 FREmREN LB, B A B FEW
BIAE 150mm DA b, 5P A BRI 1 10 5, Bk, DL AF 1 ABPERHKE,5 A7 A
BERFEKRBIRIHE
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Fig. 1 Locations of the sampling sites

XEEYHERAFA R (R L), B F.TDS il 220 ~
TIFEAN , Pk KR R B B pH ZEAS K K B i 22 7
¥ (p <0.05) , F= 7K A 18] s 7K 2R B S 38 kB2 176 -
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MEHAK SR AU (E2), ZP X5 Al Fe,
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5T B 18] 2 B8 K &R 41 5 OF Y9 {E B 600 £% 200
{57,100 fi, FLI% 3 R Ve B 5 1 e KA N
ToieHti K KT, Z 14 Al Fe Mn YRE 55 18 1K Nov. Jan. May Jul.
RHEFHBE(p<0.05) . ZHRLL AL Fe WEAEFK HfE Mont
A3 BA 2. U A K B A B v, R BB /K E 3G Bh T B2 SRR e e
K Al Fe SHZ XI5 4L Fig. 2 The precipitation of the watershed in different months during

HE 48 Cd Cr.Cu Pb Zn ¥k FH B EA Fe, the sampling time
AL (B AT BB %t A4 0k BB FE U o Cd L Cry
Cu.Pb .Zn %54 J& 7 F /K B B ¥R BE UG K B HARE A BRAR, BRI Z A SR MEAEZFEBE (p <
0.05) .

132 -

P HifE Precipitation (mm)
3
[

IS
N
I

http ://www. ecologica. cn



9 3 B A5 ERYED LB AKX AT S B R 4623
®1 HKFEKHPEEMRIEREL
Table 1 Main physical variables during dry season and flood season
7K 3 Dry season 7k Flood season

A Ttem TR bR RUME ROKE THE WX RUME ROk P

Mean SD Min. Max. Mean SD Min. Max.
R Alti (m) 615.4 266.6 185 1273 615.4 266.6 185 1273
H, 5 Cond(uS/cm) 252.4 136.2 57 632 240.8 133.6 90.5 630 0.620
BRI ER TDS (mg/L) 126.1 60.7 62.4 295 128.4 64.6 42.7 281 0.864
HE WT (C) 9.7 3.8 4 16 21.5 3.2 16 30.1 0.000
pH 7.5 1.5 /INF 4.0 9.1 6.6 1.3 /INF 4.0 8 0.015
T Vel (m/s) 0.39 0.19 0.12 0.77 0.61 0.29 0.2 1.14 0.000
W 9 Width (m) 9.9 8.2 1 37.7 11.9 11.1 1.2 38 0.231
JK ¥ Depth (m) 0.21 0.07 0.1 0.35 0.3 0.1 0.08 0.47 0.000

®2 WK FARPEERFRESRESETN (10 mg/L,Ca Mg H{7H mg/L)
Table 2 The concentration of main metals (10 >mg/L) during dry season and flood season ( the unit of Ca and Mg was mg/L)

i 7K 3 Dry sesson /K31 Flood seson
4> J& Metals
SR4 C A 1 K4 R 4 C ZARULT KIZH R
Al 37.79 +74.90a  4052.69 £3994.61b  52.27 +40.38a 16.95 £22.29a  6946. 64 +8272.20b 30.41 £51.97a
Ca 24.33 +8.39 28.58 +7.35 32.02 £10.17 26.45 +13.15 32.898 +19.80 28.99 +11.04
Cd 0.11 £0.15a 1.21 £2.43b 0.15+0.19a 0.51 +0.57a,b 0.49 +0.62a,b 0.40 +0.39a,b
Cr 1.15 £1.05a,b 3.83+4.67 b 0.98 +0.85a 0.25 £0.83a 2.98 +6.52b 0 +0a
Cu 2.95+3.13a 12.40 +9.47b 2.72 £3.06a 3.62 £5.18a 11.46 +16.83b 2.31 +4.38a
Fe 19.38 +15.65a  1937.16 +2729.01b  26.11 +36.76a 125.89 +331.77a  2752.99 +4142.52b 51.40 +38. 66a
Mg 9.96 +4.30a 11.769 +3.31a,b  14.51 +5.37b 8.39 +4.27a 11.31 +6.82a,b 10.26 +4.03a
Mn 0.82 +1.22a 457.37 £265.02b 22.92 +31.88a 2.72 £3.72a 398.70 +354.46b 13.36 +11.13a
Pb 1.59 +1.82a 13.63 +26.55b 0.91 £1.26a 1.36 +2.66a 0.98 +1.74a 1.86 +3.39a
Zn 10.87 +7.22a 30.29 +22.19b 6.23 £3.81a 10.51 £13.94a 25.29 +18.13b 2.39 £3.75a

[Fl—AF AR TR 2 57 B 3 (p <0.05)

MEHAMTFINLEZT , BT &R UTER B B PR K i iR #08 , pH FHisy , & R VR BE B B REAI, BRI T &5
ST AR K B ARG, EAK KRR A& &R E 5 S IRA 2 748 B3 (A K R 3K Mg) ,
A AW HIRE R K CEARZH 1L

R4 Ca Mg AR TELE , (BREHEC ERARCENIFFTEY , Ca Mg Xt F I I F KA A ) 5% B
o XPRN S B TEA [FIEA ) & 2 VR B 38 AR L 3 T BB 5 i X IR I A IR VR BE 3R A R o
2.2 JRIBEERYIFH ISR

WHFE ARl 3L 4 g e 48 J& 187 Fh , SRR AEBE (30 J& 161 Fh) E¥E(6 J& 8 F) R (12 & 18 ) =17,
REEE A LHASERE P IR F By 98. 09% , Horp I i 5 B (Achnanthes linearis, 28.72% ) | Jii [B BPTE B
( Cocconeis placentula, 6.67% ) FEANFHF , HFIFTHAEIA 168 FIRAT BRI FIIAHXS FEA R 1% ;4 23 MK
WBERAERT ST B 1 3K

A7k A LS 179 i, SEK BRI 3E 4 5 Y 124 B Rk Gk A ARG 2 B KT 5% 1Y FZ AR «
Be & Bh 7 B 1% [ 28 # ( Achnanthes lanceolata var. elloptica ) | 2% T Bl 72 ¥& . % 2 7 Bl 72 3& ( Achnanthes
minutissima ) | Jii [B URTE 3 . 25 {725 3 ( Cymbella sinuata) 554 3 ( Gomphonema sp. ) | %5 4% ¥ ( Eunotia sp. ) %%

Values with diferent letters meant significant diference at 0. 05 level ; T[] the same below

© RivE. FHEEMAHERFE LR A S RGBT R ERABK A A YT FEBT 8 1226083, 2003, 30 ~58.
@ EWER. BHEIKEURNI SN 23 3 AW sE Btk KoK i R BT oY, B b R B K A AR W ST BT I L 24 iR 3, 2005, 49 ~
67.
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7, SR E AR R A R AR LI 3 s o

MEHRT LAE 7 B 32 B R 7 A 4 B AR X =
BEZHIHR 51.86% ~78.58% . LI WHFCHE . Jm B I TE
BEAERK KB B & H 3 SR E, LH R L # 52
PETE AR U X 3 BE I 7E 20% DA b, & 41 i (B R
PEAF XY = BEAE FE /KB FuAS K A A — @ R E T & .
R 207k 1 70 B R % BEAE A K B B & A X E R =
FEIKETHA . A 7K A [a] A% B 25 il A 2 B AR A A AR X
FEYAET 5%, MHEEFE KPS IKEAE
B @ T8 o Soininen'™ % BUTE i i MBS , REBERE
T SRR SRS, BHE S AR B — S AT B 3
SRR BRSSP AR A AR, B T AE =E K B A
AN E A BT TR, (H A2 2 il BT 25 L S A0 o 0 A
AR

KIZBRMEY LR AWM, R e &
AP, B Kolkwitz 1 Marrson BRI H G RET RS
R IRAS 15 Jertys FE PP I , KEFR S 2R3k
THERPED 1L K 15 YL 45 R F o Douglas'™’  Whitton"**
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R
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Hi7K#A Dry sesson |

B3 KR KR 14 = AR SR AR 3 B
Fig. 3  The relative abundance of dominant species among different
groups during dry season and flood season
1. Y555 3R A5 Rh Achnanthes lanceolata var. elloptica;2 : 2XJE
h5ePE A, Linearis;3: ANl 52 PE A. minutissima ;4 ) Ji IR GRTE
¥ Cocconeis placentula;5: Z5HiHF 25 Cymbella sinuata;6; AR #
Gomphonema sp. ;7 % 4%¥: Eunotia sp.

NN — BB AN 223 (Ulothrix sp. ) JE4EE (Eunotia sp. ) 22 78 St 5 0 52 2R YER™ LLE K R Wi A3 Xt
B, AT AFE R BRI LB KI5 S 38 7R o Hill 251 Ay i1 78 8 (Achnanthes ) FIEATBE ( Fragilaria) #1364 3 B

S 16 7 M ( Eagle river) (8 LIS JefRA 2L

BRI FARIEIE YR (3£ 3) , 7o F] K #h 72 B (Achnanthes clevei ) \fL3EHT 25 ¥ ( Cymbella delicatu-
la) JE/NFHEEE ( Navicula exigua) | 53 A 32 F P& ( Nitzschia fonticola ) . 8L ¥ ( Pinnularia sp. ) 5 /Nk P
(Pinnularia subcapitata) } 223 ( Ulothrix sp. ) iX 7 FPEE3E BARAHXS £ BEZ AT 10% , {HRLEM K K F KB
X Z B R IR BFE e, TR P B SO /N PSR e B 1wy , BRI AE 24 4 S B, T AR

S AR N X SRR LR KI5 3

x3 HARFAPZRATEYMIETE
Table 3 Indicator value (IndVal) for the most important taxa in impaired groups during dry season and flood season

FEY R 7K Dry sesson 7K Flood season
Most important taxa 1 p 1 p
TEH R 553 Achnanthes clevei 25 0.003 22 0.007
AT B Cymbella delicatula 41 0.027 48 0. 006
% /N ¥ Navicula exigua 17 0.021 48 0. 001
SRHESEIEBE Nitzschia fonticola 35 0.001 35 0.001
PILL#: Pinnularia sp. 51 0.001 53 0.001
JE/NKPILEE Pinnularia subcapitata 66 0.001 76 0. 001
243 Ulothrix sp. 60 0.004 49 0.001

2.3 K FEKEHRESS R SRR AR

HE¥E SRR 20 (245 Shannon-Wiener, Margalef il Simpson ZAEMEIEE K E WA FHEMEFH
BE) 4206 T A SCRE AL T T A1 8 B R S e XA S R T o — AR T T K AR
ZVTPK ISR E S R R A, B S TR SR R 5 B AT 070 4 R V5 S B I i e ARG A e
AHr5EXF Shannon-Wiener 154§ Margalef 455,35 I \Simpson 55 X W Fh + 8 BT AT 2B (K 4),
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RK I SRR S 3 AZAERIARE (p>0.05) o F/KEH, b TR Fd A9 rh| FE R0, S8
PRI Margalef 5RO WP £ & W] B MK, B 5K 2257 8.3 (p <0.05) , 1 Shannon-Wiener #5434
S \Simpson 5B ZBK K MTES IR WK HMEA T, (B SHUKIZR AR (p >0.05) o X ZHA R,
ZRPER AR BRI A K (p >0.05) , HF/K ] Margalef S8R X W Fh 8 EHRIANAB R TSR
HAREH (p <0.05)

R4 HAR FAHEEEEXSHESH

Table 4 The diversity variables of benthic algae among different groups during dry season and flood season

Shannon-Wiener Margalef ioke )y Simpson Yt EEE
e it Evenness Eicp 4 Richness
C 2.16 £0.31 0.98 +0.34a,b 0.64 +£0.11 0.20 £0.09 32 +10a
7K I 2.11 £0.37 1.14 £0.31a 0.61 +0.09 0.24 +£0.08 33 +10a
R 2.06 £0.45 1.03 £0.28a 0.59 +0.12 0.25+0.14 35 +10a
C 2.02 +0.26 0.69 +0.20b 0.67 +0.05 0.20 +0.05 21 +6b
FEK I 2.22 +0.37 1.12 £0.35a,c¢ 0.66 +0.06 0.20 +£0.06 30 +9a
R 1.99 +0.28 0.77 +0.15b 0.64 +0.07 0.22 +0.07 23 +4b
Total 2.09 +£0.35 0.95+0.32 0.63 +0.09 0.22 +£0.09 29 £10

[l —F N ARFFRFRR2ZEFBFH (p<0.05) Values with diferent letters meant significant diference at 0.05 level

2.4 RWGEEREE AEVEKEFREEEL
2.4.1 FpF

Fh7K FEIK BRI BE S BR BE M BIIZE 1.34 x 107 ~7.33 x 10" ind. /m® .3.43 x 107 ~4.05 x 10" ind. /m* 2 [d] 38
3, WL ME R 7. 88 x10° ind. /m” o XF 3245140 ([ 4A) SRy, BFFE 3 18] Toie E /K A K B 3, 1% 40 2%
FEXIA AR T 2 AR R 4, B KA Z A% EIUCH S Bk 41 1760, 5 WE AN ER B
Z(p<0.05) ;HEFAKMEZMANGSHRAEZREBE (p <0.05) , 5MEHAERABE(p>0.05), #K
X ZIRH B WA KR, BRARF KR Z AR ER I MR, EFERK MK ZAEEEZRAIRE (p >
0.05)

Xt 2 BRLEAE, Hh Ttk A 303 R L P R SR, A B R, BT A R A KNS E A, R B
Jg K B A % BE A AR TR KB (p < 0.05) XK E R s 2 it [F—Bf 3, S A 5% E A
REEEFIARE (p>0.05) , ALK EHC SHA 82N ZRIED ILEKF .

2.4.2 EYE

ST T MK R BB RS R R A M BN EESH 4K a(Chla) MG K T (AFDM)
MR a RERAFEYW(WMER)MERKTERRER BRYRLEB LAY E(NER EE R £
Yy %) EANEEERTRKTE MEE a AR ESRE ISR HIRE"

WA 42K a ¥REETE 0.019 ~403. 35 mg/m” Z (A AE 3, B ey (2 B AR AEL A 20 000 £, BFF 5% 3 17] 4
BEH 29.70 mg/m’, FRYED ILIEAKXFEEAMSEE a YR B E (E 4B) , HAML 5 AT B2 9% B 1028 1k
AREEA 3 TR FKEE MK P Z I RN G R a JH B TS RAMKE A, (HEK X ZHRAR
1B E M (p >0.05) , X 2 8 KR B, RT3 O 4 76 /K B B S 3K a 359 58 35K TR 7K B A
(p<0.05),

Jo KB AE BT A A28 B L Ry : 221. 84 ~ 16256. 24 mg/m”, WP {H N 7867.47 mg/m’, Pikif S
F IR AR BES TO K T AR K (B 4C) , B TC K T E M 7E B K A B SRR (p < 0. 05) o X524
ki, BARFKETHAZ A TC K T EREA FEAS, (B K FE KB TTK TEZFAEE (p >0.05) ;#iKa}
WZHAESS R MRKEAEZRYBE (p <0.05) ,MFKMNHERABE(p>0.05) , HHE TSRAME A,
X EEH TR Z A TR T E RN, XS B E AR, G WAERK FK YRR
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Fig. 4 The variation of benthic algal density and biomass and autotrophic index during dry season and flood season

A 5 JF Density ;B H4%t# a Chla;C 5K T AFDM;D H 3455 Al

#(p<0.05) . HT] TBRTED L R /K X RGP 38 28 T JK T 28 B R A 2E i 7K B bL =E /K Bt S 2ok
2.4.3 HFEHEH

Weber " #2 1 Fi 324551 AI( Autotrophic Index, Bl AFDM/Chla) SR iEM 7K o — A M 7E IE K {4 LA
B IR b0 7ETS Gk ik b LU SR A Y G %, BT DL B SR8 508 R 5 YL 8™ &, 3F 15 A L5 3 Al
SIS AL T s Hill 2550 38 3257 LU0 A0 T S T 5 o 5 1 — B8 ') s 2 foldth, Clark 67 2% AT 38
KEFIEE(Chla/AFDM, 5 AT AH S ) BT U 4 J8 15 J 3 R A o

AHFFE AR B FRIEBCE TG 86. 85 ~29255. 32, BP-H{EN 3599. 19, 54 4R BEIS M B 5K
a WRBE R TCIR T E AR 58 2AH R (18 4D) < 3R B B SR 46 BE 2 IR MER™ LU 7K 32 00 1 3t IX A ey , 058
WX 2 15 e ™, T FK MK IZ A S SR IKEH A FRREERBE (p <0.05) . Btk
F] 3Z 41 40 B SR8 50R FrREAR, AT It KA BY T HI 55 BRYER™ L /K B2 , (BB K X B FR 48 8O 18 BUE 2 57 R
(p>0.05),

XS B R ARVE, FARMKN I RR BFRIERER A EE (p>0.05) HS R REH A IR EIH
At

H AT AU B BRPERT 1L KX AT 8628 B SR8 408 B3, (H Bt K Ho A K
2.5 FRYED LR KX AT BESHE T8 4540 1 2 MR

ik LA B2 AT FHERYED 1L B K A 32 SR A AR BE SR A K, i — 2P B e R VER™ LU K X AP B2 1Y
o, LAz 4520 pH DL K & Fh 48 51% 2 Shannon-Wiener 1545 Margalef 8% . 3%] B \Simpson 184 W Ff 5
B E AR R AR BEEYS BT Spearman A3 HT(3R 6) o S 5T RS,BR Cd. Pb 41, H
ERBEAFRRESEYMSEAHKXBE (p <0.05),

H15% 6 ] LI Hi , Shannon-Wiener ZHEMESE ST Margalef 1640 WIFh F 5 B K a WA RIS
Al Fe Mg .Mn .Zn B FAHK (p <0.05) ,5 pH BFIEMK (p <0.05) , T Simpson 1540 H FRIEHI 5 AL,
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Fe Mg.Mn.Zn B3 EAK(p <0.05) ,5 pH BEHARK(p <0.05) , JRWESE B H BT Al Fe B2E HAHRK
(p<0.05),5 pH BFIEMK(p <0.05) . MK TEERLEIEAREIARE, dotfiml i, SHEME
%% pH K Fe Mg Mn . Zn 0, B FR46 %03 pH KB Cd Pb Shi) 8 Fh @ Romi, JIRIBEIS W B M4k K a &
322 pH AL Fl Fe SZN4R %, T ALl Fe W2 XSMRMER LR K IS e & B E N SR, 7T A &R
AR R AR BE R R i X B A R, ELO B SRR B R A AR R a RN

*6 ZHRAZTTMEMSHS SRR pH HIEXSHT
Table 6 Spearman analysis between metals, pH and biological parameters of impaired group

Shannon- Margalef Simpson oFaa )iy LYIE B wE H4t% a KT E EEEi2

Wiener 35%% Eiszie Eiszie Evenness Richness Density Chla AFDM Al
pH 0.56 0.67* -0.42 0.71* 0.63 0.68 -0.61
Al -0.49 -0.60" 0.40 -0.63* -0.34 -0.39 0.59*
Ca 0.37
Cr 0.35
Cu -0.42 0.40
Fe -0.49 -0.55* 0.40 -0.60* -0.45 -0.46 0.54
Mg -0.45 -0.50 0.43 -0.31 -0.50 -0.39 0.57*
Mn -0.47 -0.52 0.43 -0.33 -0.53 -0.38 0.62*
Zn -0.58 -0.52 0.54 -0.47 -0.52 -0.48 0.51

* 78 p <0.0001  Only significant correlation; * means p <0.0001

3 itig

FRHBERITM KR A TIVER TR . SO RETIR YR FRER , dsh 2 578 B2 1 i
SERIEM K. XANIEERN 55 R EE KA H B RN E YA EE B LR R R A S R
AEpte  REmTX R, HR Y, HR AT 5 IS0 0/ 3k P S0 AT AR AT i FF R 45 8 R
P 1L K 12 DX I PEAT 8 21 ) R

R E IR IER R S SEORTEM KR . ERETXHEMRBE : T TRAE LRI X REZ K E
Y rE e, R TE I B BRI A5 R8s RG R RR Ol . BRR ST ( SRR S BE W 5 B A D)
PESE) BT 12 R M W00 A YR 95 8 X 9 I PR R e, A BF 5 3R B ) 3 & B2 | Shannon-Wiener 2 £ 45 4L,
Margalef $§ 0 SEFEA AR ZERABE , T X 0S5 A A Z A B ST B AR L, 12 X I 2 FE 35 5L
ANREAR AT BIHE N BRYED LR /K A IR BESE s o 38 X PR R I, — 7 T P B2 X & JR U &
AR BOAE T % IX RO BEVE M AR 5 58— T AT BB SR KT AT BT R AE A K

FRMED LK A e (B3, R BB M K a YR UK TEEZ AW BMKTSRMIKE
H(FEKFATKTERERE) M B IR B BRI ARG H, 5215 YLt ™ 5 /) X 3R B 746 B0t &, 7]
UL B SRR IR YR AR X B Z B G . A PIFLE ] DR R R : — R &R Ak S TTRRFE B i
b TR TR MRS I O BE R, (BB AL MR

SZRARAGIERFEE SRR a WE K TEKBFRIRERI, FRFM K H BT8R 2 R AR
B, AT LK 2 BRYER LR KIS Yt AN K, P B i X 3 ) B R R R BRI IR K. JREA)
BB (1) K92 —Fh e (ERYER™ LB /K ) B0 i BE S REVE X LB il (oK) PR fe ™™ 5 (2) B 1L
JRE K5 N X 4 TR AL TR ™ B, B RS , AR ML A B 1 1 55 /K X RS o
4 #ig

A S AT XA 7K FI K I B A S B - 52 0 -k R 20 1) TG SR SR TR R T R B«

(1) BRYED 1L B KN e S ) _E 3 IR 2R R K, ELX P I 7EA K =R B

(2) SPIGCBE G/ K PIBCRER BRYED LU B K BAA B i 32404 , AT A RAE i K I 46 7 5

(3) BT 2R R BHE S IR 28 KRB A Z R 22 5K, A GRS 46 78 BRI A LU 32 7K X 2% IX 43R F A7
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