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Abstract: To study the mechanism underlying the responses of macroinvertebrate functional feeding groups to acid mine
drainage and the influence of the Gaolan River pyrite on the ecological environment of the Xiangxi River system,
macroinvertebrates were quantitatively investigated at 12 sites along 3 sections ( Impacted portion: G1—G3, Recovering
portion; G4—G8, Control portion; D1—D4) of the Gaolan River in September and November 2006 and January, March,
May, and July 2007 ; a total of 192 macroinvertebrate samples were collected. Simultaneously, water samples were collected
at each site and transported to the laboratory, where their concentrations of 10 metallic elements (Cd, Cr, Cu, Mn, Pb,

Zn, Fe, Al, Ca, and Mg) were determined using ICP-AES. Other physical and chemical parameters were measured in the
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field; pH, conductivity, water temperature, total dissolved solid, salinity, and dissolved oxygen were measured using
HORIBA W-23; flow velocity was measured using a hydrometric propeller; water depth and width were measured using a
band tape. Comparative analyses were performed to study the macroinvertebrates’ functional feeding groups, community
structure , and physicochemical parameters among the 3 sections of the Gaolan River. The results showed that metal content,
conductance, and total dissolved solids were significantly higher in the impacted section than those in the control and
recovering parts, especially at site G1; and there were no significant differences between the control and recovery sections.
A total of 213 taxa belonging to 7 classes and 59 families were collected; Baetis sp., Ceratopsyche sp., Serratella sp. and
Heptagenia sp. were the dominant taxa, with relative abundances of 18.7%, 11.3%, 9.6%, and 7.2%, respectively.
Gather-collector was the main functional feeding group in the Xiangxi River system, followed by scraper, predator, and
filter-collector. The shredder feeding group only accounted for a small part, with relative abundances of 48.8%, 20.6%,
17.0%, 9.0% , and 4.7% , respectively. A one-way ANOVA was used to compare densities among the 3 river sections, and
the main result showed that the functional feeding group density of impacted sites was significantly lower than those of other
river sections. The same analysis was also used to analyze the biodiversity of the functional feeding groups among the 3 river
sections. The results showed that the Shannon-Wiener diversity and richness of gathering-collectors, scrapers, and predators
were lower in the impacted section than in the other 2 sections, but there were no differences between the control and
recovering sections; the two indices of filter-collectors were highest in the control section, followed by the recovering
section, and lowest in the impacted section. The diversity indices of Shredders in the control portion were significantly
higher than those in the other 2 sections. Non-metric multidimensional scaling and multi-response permutation procedure
analysis showed that the community structure of the macroinvertebrate functional feeding group in the impacted river section
were significantly different from those of the control and recovering sections. Finally, canonical correspondence analysis was
used to study the relationship between functional feeding group communities and physicochemical parameters, the results of
which showed that acid mine drainage was the main factor impacting the community structures of macroinvertebrates

functional feeding groups in the study area.
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FHT- SRR T RE R 3 AN H KA, 50T A kR I DRIRA 17 [ 52 30 36 = B K R T 0.45
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FERARSFEBER T 5% MR E O PEE Rl e 091 b
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Fig.1 Xiangxi River system and location of the sampling sites

XF R fR R, HUCH R B MR B, i e F
/N RS RS9 48.8% .20.6% 17% 9% 4.7% . Ferb MU LSS DU 0% Fi B I 20 EF ( Caenis
sp.) \ELRFEB—FN (0. wetenia) ; T EH PHASIE N I 15 I8 A7 1% —Fh (Lithax sp.) |55 FUE (Europe sp.) ; JEE
B M A S 8k koA 18 ( Cheumatopsyche sp.) (JRBE ( Simulium sp.) =541 1 (Arctopsyche sp.) ;i &
FARASERE R e HUE 710 ( Conchapelopia sp.) \ KIE—FH ( Dicranota sp.) . = ff i H ( Dugesia sp.)  H4BER}—
' ( Euphaeidae spp.) AR HE I —FF ( Rheopelopia acra) HE B FF—Ff ( Dytiscidae Liodessus sp.) L i& $E I —
71 ( Rheopelopia paramaculipennis ) ; ¥ & 25 R HIEHE F A5 LA —Fh (Amphinemura sp.) U 85— Fl ( Paraleuctra
sp.) ZEIN JEFEIL( Cricotopus vierriensis) IR EFEI—F ( Cricotopus politus) i H 4 —Ff ( Rhopalopsole sp.) ,

®1 FAEBNEEAEFHE(LA:107mg/L)

Table 1 Mean of metals content in the water in different sites

FE A Sites Al Ca Cd Cu Fe Mg Mn Pb Cr Zn
DI 278.45  119736.90 2.25 27.21 114.11 54270.32 21.53 4.91 5.85 79.85
D2 516.74 98895.96 1.54 37.58 830.96 33319.18 14.49 7.17 14.42 48.70
D3 411.27  127659.68 1.00 42.80 303.76  54201.80 14.34 9.82 9.45 38.26
D4 345.55  144568.02 2.03 42.26 165.68 53591.14 7.38 8.39 13.61 48.28
Gl 78714.57  184481.57  19.37 139.75  42209.19  94172.51  4982.10 89.74 83.23 314.32
G2 18072.41  186071.83 2.23 68.68 2029.98 63192.81  1897.41 27.62 16.25 143.44
G3 845.49  140665.23 2.40 47.02 31174 53334.84  1132.13 33.81 16.98 66.97
G4 465.45  156587.57 1.41 42.65 277.48 47536.10  254.30 9.50 12.41 41.05
G5 313.61  201421.60 1.46 33.00 155.44 85776.73 47.95 10.44 12.64 2233
G6 302.71 81478.61 0.87 36.53 79.75 40235.16 93.77 3.86 6.13 18.61
G7 189.01  120956.06 1.18 26.75 164.01 63800.19 9.85 3.62 9.02 30.25
G8 390.96  140091.23 1.32 27.68 188.43 60255.12 19.03 6.49 9.31 19.24
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Table 2 Mean of physicochemical characteristics in the different sites of Gaolan river

AR 1 S i
\ L5 Total . o i 7K I B B TR
S L. . Th Dissolved Water .
Sit pH {8 Conductivity/  dissolved Salinite/% / . cture/ Velocity/ Water Water
Dres (us/cm) solid/ Saltys 7o oxygen empertiure (m/s) width/m Depth/m
(mg/L) C
(mg/L)
D1 8.48 255.6 144.63 0.08 8.32 12.62 0.49 1.29 0.15
D2 8.6 117.5 62.03 0.05 8.73 15.64 0.45 6.12 0.24
D3 7.94 166.62 91.08 0.06 8.92 16.66 0.5 6.99 0.22
D4 8.15 169.33 99.7 0.06 8.26 17.44 0.48 5.83 0.25
Gl 3.87 698 288 0.19 8.04 14.9 0.62 2.98 0.19
G2 4.83 259.35 145.45 0.07 8.13 16.56 0.58 8.44 0.22
G3 6.17 202.02 106.73 0.06 8.66 16.62 0.43 9.92 0.25
G4 7.46 190.78 82.63 0.06 9.08 17.3 0.34 16.13 0.27
G5 8.16 308 163.03 0.1 9.15 18.64 0.38 8.69 0.25
G6 7.89 189.43 100.07 0.1 8.84 14.08 0.4 12.14 0.22
G7 7.92 285.67 128.27 0.12 8.66 15.79 0.34 17.4 0.25
G8 8.22 268.25 150.87 0.12 9.72 14.54 0.52 31.67 0.36

2.3 TIREBE IS LS RRIE
2.3.1 IIRERESSHEARXT R

XA B R 46 B SR AR R 2 B 25 A) sh A7 o0 A (181 2) |, 25 R 3R I &g b )b 3 32 400 1] B 45 4 UIR
Wish P DO e H & 2B L B — A0 2007 4F 3 Ay G3 SRE R RAEZIMIEW S YIRE 4 etk e 2mE,
HWIE 2007 45 A 12007 457 A, G2 SRS RERNMNIEM SR IE 3 IR 28, Ll H S REA A
ST IR DI & AR A A R B2 G1 A, 7E 2006 49 H (11 H #2007 45 1 H .7 HBARESI K
RS ; 2 T BOR E BN T A FEA T BB 2007 4E 3 H G3 SHERH L,

232 UiReHEERMEE

XF IR AT Sh W D e HR B 3 B A T 40 M (18] 3) , 25 R BH , UB 3 9% B (L 7E X IR B | 2 03T B RN 52
T B3 N 425.6 Ind/m* 8.2 Ind/m” \715.7 Ind/m? ; W B 2 %5 B 24 {8 76 % B A2 363 RV 52 30) BE 43 331 A 1812.8
Ind/m* .26.3 Ind/m*,1493.7 Ind/m” ; Jifi £ # % & Y(EAE X AR 2 50F1 K & 00T B 439 4 388.4 Ind/m* 3.7 Ind/
m’ 221.5 Ind/m? ; Fll B35 %5 BE X (E A0 IR A2 0K B2 1 B2 4303 R 809.1 Ind/m?* 7.8 Ind/m* 579.2 Ind/m? ; i
£ 5 B AR BB A2 A5 R ST BE 43 5K 290.7 Ind/m? 5.3 Ind/m? .34.9 Ind/m>. 77 2543 T ( One-Way
ANOVA) R | £ DI BESR B 25 55 B2 70 32 300 B ( G1—G3) W A% T ok B ] B AR A2 ] B ( P<0.01) 5 %oF BB 3o
BRI S0 B 8 22 AN i35 (P>0.05)

233 LWt

XTUIREtE B AE M A E AT 0T (BT 4)  Z5 SRR W X R SZ 8RR &2 [ BLE B 4 Shannon-Wiener 2
FEPEFE B ME 354 0.73.0.03 .0.36 ; WeAEE 4310 1.18 .0.10 ,1.03; FI #4354 0.84 .0.01 ,0.84; % 4
A2 1.03.,0.01,0.60; #r £ 4351124 0.25.,0.00,0.08 , X HR A2 45 K A ] B i £ 5 W i 2 FE (40 531120 2.94
0.26 .1.93; UK BEF 43 511K 8.56 .0.78 .6.74 s FI B H 439 K 4.64 0.11 417 ;3B F 439 H 4.64 0.22 2.69; Hi
H BN 1.55.0.15.0.64,

T2 R IEEE R A B shannon-Wiener ZFEMEFE AN Fh £ & 15 15 26 31 Sk Xif B o] B AN
2T B[R] 32 0] B 25 57 1 3 (P<0.05) , %of e B[Rk A2 9] B2 25 S AN i 35 (P>0.05) 5 IE B 4 shannon-Wiener
ZREVEFR UMY R £ & R PR BRI B >k S5 1 B > 32 1 BE ( P<0.05) ; # &34 shannon-Wiener Z2F£14:45
ORI A 5 B X5 3 B A o) BT B () 37 463 T0] B AR &2 T B 25 57 1 3% ( P<0.05) , 52 53T BE shannon-Wiener £
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Fig.2 The density relative abundance of Functional Feeding Groups among different sites in different Month

R BRIV S B 25 AN 3 (P>0.05) |, A2 BT Be A 3= 5 B [l Pk 52 Tl B 22 5 . 3 ( P<0.05)
234 dEEEZAREHDT

FRAE 6 YCRAEAS FEAS KA 21 D) R 55 2 2 HE WA 2 e A M 25 o R B Te 2% BE 448, X 12 37 36
ANFE R (R RN S IR S 5 08T 195 D e s & 2 BERER 25t A7 A B i 2 4k bR B2 HEJF ( Non-
metric multidimensional scaling, NMS)2 4E434T (8] 5) . 25, & TR & 2B IR AT sh W Bee V% 45 44 HE 7 B
R —B, BRI BE 5 R 05 (G4—G8) 5% BRI B ( D1—D4) BB AR & 3T , I 2 50 BEFE A (G1—G3) 5
VIR I Jn] B FIXT R T B AR a5 I 2 A0 5 3 W VS AV ) 0 A i 35 R 7 Xt ] B RN 52 9T B EL A ¢ v AR ARLARL 1, T 32
P B JEC A 2 W Vs 445 A () Xof RETR B R TR B AR AR R 25 S, I 22 M N 48 5 B2 (-multi-response
permutation procedures, MRPP ) 537 iE— 20 5 JF AT 811 4 45 Dy Be e B S HERE I8 25 W AE =TT B[R] 1) 22 S B A 7 40
B, 45 SRR | 32400 B AN 310 25 D) REH5 B S v 48 1 [ ol HR T Be A A2 3] s 22 Sl ol I 3% (P<0.01)
2.4 BARIXEN S3 BT

S B AT 21 4 D) i £ B S X PR B DR - 4 e 07, X T B R B S BEAE 75 45 A [W] pH B (pH) LK IR
(Depth) GEAETEY (TDS) Ui (V)  HLF (Cond ) KR (WT) & (DO) (HEJE (Sal) , S AL Ak
(Si0,) .Cd . Cr.Cu Mn Pb Zn Fe Al Ca Fl Mg #E47HLEIGF B 08T (CCA) (K 6) , il id S 4R P K5 ( Monte
Carlo Permutation Test) , HEBR BTRk/ N R, 25 SRR B, U8 B & 32K B 480  Zn . pH AT Ca 520 iz K (P<
+0.05) s WCHE# 52K T KR R 480 R BE | Ca A1 pH (B2 M B K (P<0.05) 5 &% 32K il KR W 58 Zn |
Fe Mn  Ca G [ A T2 P RN A S22 W R (P<0.05) 34 B0 32Kl K T 58 A i 4 R B 77
#.Cd Zn Ca Mg pH {EFZ M 5 K (P<0.05) ; #i £ 32 /KR KR T 58 i Uil pH (B, B S LB AR,
) Ca Mg Ml Zn 52 i K (P<0.05)
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Fig.3 The spatial distribution of functional feeding groups density

IRERE T FEN B S I sh W A 25 K RN D) RE A LA T BEAE T AR 2 B RO 1 45 0 T e
FEREL LN 0 , ASBIF 5T 32 45 ] BTS20 2 R 15 B R 2H AR ) B — S X R M40 L A2 7K 1wl 17 5 ) 2 2 )
R L 5 7K R o A SRR, A2 40T B ANFE 2007 4F 3 1 G3 SR s il i, E 2002 IR Rz i B 2 0 20 DU
Wy , KA pH (ERUR, H YR PRI P e A K S IR 85 B 2 4% I BE B 1 2 A S B 20 A1 155 DL Y
W, SZAGTRT B R AT S0 2% D REAE £ 2 M 2 W] AR T ey B, R WA A LU R R I 7K BRI 28 00 T A 2l 1Y
AR VAR R T E R, AR 2R R B AL T A S IR R, 2 FORAR AR R AR R
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Fig.4 Comparison of functional feeding group biodiversity

FC. JEEH filter-collector; GC: WHEH gather-collector; SC: HIE# scraper; PR: ffi &% predator; SH: #iE# shredder
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Fig.5 The non-metric multidimensional scaling ordinal configuration of macroinvertebrate functional feeding groups community structure
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