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Metazoan zooplankton community structure and environmental drivers of Digou coal min-
ing subsided lakes in Huainan

LIN Zhi, WAN Yang, XU Mei, WANG Chenchen, WU Qili & ZHOU Zhongze ~
(School of Resources and Environmental Engineering, Anhui University, Hefei 230601, P.R.China)

Abstract; Metazoan zooplankton and environmental factors in Digou coal mining subsided lakes in Anhui Province were investiga-
ted bimonthly from August 2015 to June 2016. Metazoan zooplankton community structure and its relationships with environmental
factors were analyzed. A total of 53 species from 27 genera of metazoan zooplankton were identified which consisted of 38 species of
rotifers, 9 species of cladocerans and 6 species of copepoda. According to the abundance and occurrence, Brachionus calyciflorus,
B. angularis, B. budapestiensis, Polyarthra trigla, Keratella valga, K. cochlearis, Bosmina longirostris and Thermocyclops hyalinus
were the dominant species. The mean density and biomass of metazoan zooplankton were 965.00+541.91 ind./L and 3.42+2.17
mg/L, respectively. The density was highest in February, and lowest in December 2015, with the spatial pattern of increasing from
west to east. The biomass was highest in October, and lowest in December 2015, with the spatial pattern of decreasing from west to
east. The Shannon-Wiener index, Margalef index and Pielou index of the metazoan zooplankton community were 2.07-3.22, 0.83-
1.72, and 0.67-0.80, respectively. The results of redundancy analysis and the Pearson correlation analysis indicated that phyto-
plankton biomass, water temperature and nutrient were the three main environmental drivers affecting the metazoan zooplankton
community structure in Digou coal mining subsided lakes. The physical-chemical parameters, trophic state index, the dominant
species of metazoan zooplankton and biodiversity index indicated that the lake was under light eutrophication.
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tion; lakes
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WVRETE S5 F L5 A 8 b T LAV AR KR B LA Al #5. Sommer %% ] Plankton Ecology Group ( PEG)
Model FSE RS 7 1 2 4 7 A PR AR A i 32 B A RE RV BEA T 410348 , 2 W 7 1 Sl 0 e i A Ay 11 24 P T R e v
FA AR IR, B R BRI R A A B A A SNSRI P A PR AT LA A A, 2 SRR R
{9 T8 25 R A 0 A 0 S0 8 VR s 0 7 A A DR E IR . L A DRI R W SRR DX 3809
TR SRR IR RO RE R A A R, G0 6 HR £1 S5 AT 5 K BRI DX 7 e sh M R 2 ) S e, ELARE 3%
Pl AN T , 7 A 0 TR AR ) T — AR K PE AT ™ XIS 5% 26tk A TR 498 A 7K ) 8 SRR AE 5 A
B TR R R B ORI Z2 B EAR AR AN TR T Y 52 3l W B 2 R LR A A PEG Byt
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1.1 =

I I8 SR A XTI (32°46'14" ~ 32°47"57"N, 116°20'55" ~ 116°26'28"E ) i T4 #U48 %I £ ith 14 A
W, AL FE VIR, R BT, 32 i e IR BATT G, B PG &S h B AR 5 F8 40 /K B (BT 1) . gl 7 SR BT
R DX A S5 AAAE B S 1) 4 RIS TR VOERAY HT A0 H2 Ak i A B840 JF , o H1 S35t M 097K 38, H2 5 50 AH %
I8 B TEHR DK, A /N AR HE K AR B , 2R & SLOT/KAR Y ; h i i H3 I H4 3 5 35 7% 58, H3
JE AT LA 1 ERURI B2y 13.33 hm®, HoK SRR A A6 A 7T, I P R R B TR R4 , HA TR IS )45
L REAOK ALK, o1 TS5 5E AR , i % IR AL T 32 5 i DO AR B, RIHZOK SR LK A B &
H R4, FHHENAT KK B (Najas marina) FEN 8 (Hydrilla verticillata ) 1 A 5 ZR 07K 38 HS 55 P LT 4
3, UURBETHE F A, BIRIXGAF] 9 m, B34 A /NI AR ) K 46 4 (Alternanthera philoxeroides ) T D\ | g A5 H- 38
( Polygonum lapathifolium ) #% NZ5HE K A B .
1.2 #Ri%E 5 KRR

ABFFEI B E 12 D RAE R (B 1) . PUH/NE B PR SR H 38R AE 5 D1.D2 F D35 85 5 5@ 1Y
H2 /KIS E D4 D5 Fl D6 SRAFE s 5 BT A HERL X A H3 sk 315 8 D7 F1 D8 SRR &5 5 Fh s LK AR ) i
B7K 3 HA , 128 D9 F1 D10 SRAF 27 5 5 VGRS Y S I 7% 58 /Y HS sK 3 & D11 FT D12 SRAE 5. F 2015 4F 8
J1—2016 4% 6 J14F 2 A RAE 1 IR, RAEMS (8] & i A
1.3 HRRESLE

i MR T8 PERR ) 257 PRI W A 3R 2 K AR 2 o0 ™ ST 57 B, JOARE SR T, D 4% A48 2K E AR
FE AR A A DL ROK AR 3 B R ARG /KAE 1 L, FI&RFHUR) 8 2E , A ey 18] 52 46 28 0 3E Wk 4 28 45 28 30
ml. FSESP i sh s PR i P 13° PR U A ) I FE 2K AR o0 ™ IR 455 B, 4 IR i AR i,
4% MR AR . 8 A o A DL RS SR K 2850 B R AR TR G 7K 10 L, R4 2 30 ml, i 4% B9 4 /K S AR
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Fig.1 Distribution of sampling sites in Digou coal mining subsided lakes
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A, S OARETE PRI RN ECE N R AR il TP B BT A T2 S ARKI n R AR A PR @ RSB S %A
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TLI(Chl.a) = 10(2.5 + 1.086 In Chl.a) (7)

TLI(TP) = 10(9.436 + 1.624 In TP) (8)
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TLI(TN) 10(5.453 + 1.694 In TN) (9)
TLI(SD) 10(9.463 + 2.661 In SD) (10)
A, Chla 4R a WP (png/L) TP oK SRR EE (mg/L) TN Sk SRR BE (mg/ L) L SD S il /K i
WIRE (m) . B TP a5 ol B B K R R 50 73 S DR SR B S MHL, AR5 LAAF S (B AN BR o 22 o 3
AR B SRR
R BB B ACE %, A ArcGIS 10.2 B2z il 5 B2 A AR Myt i) 28 8] 3 A 18], 2R ] SPSS 19.0 BEATAHSE
eI, T A Rl Sh M A B AL b ) IR B A2 S R RO, IR, IR i o 1 (ot 1) 48 LA 2
T 225 BTl BAEZSYE 1 Canoco 4.5 BKPFXT 5 Az 1730 2 1) A ) bk B0 BEAT 25 350 (DCA) 153 145 1
B EE/NT 3(2.56) , HILt$E RDA 2387, I8 1 S 2 ARG 06 % PISE A 5 HEA T i 0 , 223 1 0 ol 5 B
KA.

2HEREH

2.1 A& iE B 7K R4S 1E

T VA SRR DX VA A KR AE AL SE R 6,64~ 29.18°C. DO ik i 4 A& ZE MR 5 = , 76 I B = 1AIR,
162 A Em (11.27+1.33 mg/L) ,8 H & (5.24+1.07 mg/L). TP ¥k FEA4EAS L3 /N, 24 0.09+0.02 mg/L.
TN ¥ JE R B K, 6 H 5 (4.60+2.74 mg/L) ,10 A H A% (1.80£0.12 mg/L). /KA L5 FM: , pH {E 48.37=+
0.51,2 A1) pH (A A& & T HALA 0. R 0L Y& 10 A fim (7.4121.71 mg/L) ,2 F fA£(2.37+1.23
me/L) (£ 1). TLI ¥{E R 61.86+1.37, J& T4 B8 5 5 $2 K1k,

1 AR AEICRE WA BAL N 7 P9 EAR RS ) 122 1k

Tab.1 Seasonal variation of physical-chemical parameters(mean + S.D.) in Digou coal mining subsided lakes

AL S A 1 ] 8 H 10 12 A 2 45 6 H
IR/ °C 26.42+0.47 21.10£0.54 6.6420.46 12.47+0.51 20.73+1.87 29.18+0.48
JKIE/m 4.6242.12 4.4942.29 4.8842.08 3.98+2.16 4.04+2.69 4.49+2.19
SD/cm 52.9+10.5 40.6+11.8 71.8£13.7 89.8+26.6 63.2415.8 62.5£16.5
Tur/NTU 15.1428.80 14.15+10.77 8.7243.54 8.94:4.19 12.38+4.13 11.42+5.82
pH 7.66£0.21 8.31x0.16 8.56x0.10 8.92+0.14 7.93+0.36 8.86:0.11
Cond/ (uS/cm) 699.42+19.93  1171.25¢388.35 1155.50276.18 1515.00£99.43  532.66£169.04 561.75+46.26
DO/ (mg/L) 5.24+1.07 9.031.99 10.63+0.74 11.27£1.33 9.0520.90 10.49+1.18
COD,/ (mg/L) 16.66+2.41 13.06£2.15 12.03+4.10 14.23£2.82 17.65+3.84 14.59+0.83
TN/ (mg/L) 2.86£1.35 1.8020.12 2.74x0.43 2.43+0.80 3.22+1.14 4.60+2.74
TP/ (mg/L) 0.11x0.03 0.11x0.04 0.07+0.03 0.08+0.03 0.09+0.03 0.100.03
NH;-N/(mg/L) 1.75+0.73 1.1320.28 1.06+0.62 0.66+0.26 0.5620.10 0.5120.11
NO;3-N/(mg/L) 0.54+0.40 0.41x0.12 0.92+0.25 1.07+0.40 0.90+0.66 0.6120.13
Chl.a/ (pg/L) 7.60+4.36 14.22+5.64 6.37+3.19 6.44+5.89 10.99+8.10 8.67+5.98
P YR/ (mg/L)  4.51£2.59 7.41£1.71 3.24+1.07 2.37+1.23 5.22+2.38 7.23+3.10

2.2 [REF BRI E B

JAA AN, il SR AR IR Eh Y 16 B 27 JE 53 Fh At AR E 8 Bl 16 )& 38 b, L SR 71.70% 5
K2 SFL6 IR/ O A, o5 SR 16.98% ;A 22K 3 RLS J& 6 F, (5 B R B 11.32% . 10 AFh3ER 2,2 HH
4 AFpedne b s A A0 SR B R 2 b, 8 5 T o PR R, A A SRR SR ST o BN (BT 2)
2.3 FHEF TR T

IRGEY NI ¥=0.02 Sy PR ity I, (R AR IA 8 Fih, 43531 Jy 25 A8 2 48 1R ( Brachionus calyciflo-
rus) A RFS L (B. angularis) IR R HU(B. budapestiensis) 75 2 %6 W ( Polyarthra trigla) | i i
16, F 58 1 (Keratella valga) 2IEAEH %5 HL (K. cochlearis) A4 £ 3% ( Bosmina longirostris ) 75 Wl i &1 7K %
( Thermocyclops hyalinus) . 10 JJ [H1 /58 f FVS HURR) %5 B 8RR (195.73 ind./L) , FHoAh A G BEAIG 5 T A8 R 48 e %%
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FEAE 10 A A 2 WA IR, 4 5 167.46 FI 60«

284.41 ind./L,8 A HBLERAR(E (32.14 ind./L) ; 3 455 BEEH BAE Dbt
FER R B AE 10 A 2 F HHBUEAE , 7358 106.55
151,61 ind./L; 12 Bke dus e 8 A2 A
PINEEAR, 43 3124 200.54 F1 269.07 ind./L, B4 4 4~ A
Y AR R K 1 280 R e Bt 2 00 o5 46 O 3t
f1.(334.2 ind./L) ; $2JE 6 TP 46 dUfE 2 4 F % B
B4k 116.58 F1203.84 ind./L, Hiflh 4 4~ A {5y 5% i
BAL. Wk, KRBIG AT 6 MHIEE LRI R,
10 104 A4, 53y 124.26 F177.94 ind./L, 12 73 e 2 il g SReBEITCIA DX W0 A VR BRI S L
52 3 SR K 3 il 81 7K 2 % BE A HL 35 B Fig.2 Species composition of metazoan zooplankton
(8.57+7.14 ind./L) (K 3). in Digou coal mining subsided lakes

2.4 REFHFHMNEZEENMENE

2.4.1 BB SRS AR B g 965.00£541.91 ind./ L, AE XA M Ny 3.4222.17 me/L. #
AR50 B R Ol T94.74£500.73 ind./L, (5 A5 BE Y 82.36% , T AE Wi i AIX, h 0.76+0.53 mg/L; k% 12
WG, N 54.61£50.46 ind./ L, {HAE M £, M 1.57+1.44 me/L 5 K8 f 2555 )3 A1 2L B 49 50 115,65+
63.56 ind./L F11.09+0.68 mg/L.
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Fig.3 Monthly variation in density of the dominate species of rotifer (a) and crustacean zooplankton (b)

in Digou coal mining subsided lakes

VAR, I A TR S W Bt A R BRAE 2 T, Ok 1808.12+2299.36 ind./L, A= ¥ i wi {E H B AE 10
A, 7.27£7.91 mg/L X AT RgJE T+ 2 A 50 R B B & T AL Oy, 858 AN AR AR, T 10 H 4
2 B B v T LA A 0y, B AR R AR . R i A R A 12 A, 50k
329.91+202.07 ind./L 1 0.76+1.57 mg/L( [& 4).

242 RE A JEETRIE s A Y B B WS R 25 5 Ok UL, B AR IR LU VTSR, A
PR L AR T, 5 DRI A A 45 %) S PR AT RS 7 R Sl D 2 i 2 R K. IR R s 4% BETE DL A5 s 9t
I KAE, 0 1682.28 ind./L, 78 D6 sifi H BIRARAE, 24 666.72 ind./L; 7 i# s H () A= P&t 7F D1 Fl D5 g4
I ANWEAE , 53028 7.47 1 8.73 mg/L, 7€ D10 i H BUEARME , 24 1.02 mg/L([&] 5).

2.5 YL

JGHE RN H' M 2.64(2.07~3.22) ,D %3 1.25(0.83~1.72) ,J 4 0.74(0.67~0.80) . H'Fil D ({75 b4
PRI —E, B 10 A B8R E (2508 3.22 f1 1.72) 7 12 7 k805 AR (554 2.07 1 0.83)
M J e & W A AN R (5] 6)

VEAEIR], H'FN J 7F H3 A1 H4 X3 o T HAB X8, D 78 H1 A H4 X3 w7 HoAth Xk (& 7).
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Fig.4 Monthly variation in density and biomass of metazoan zooplankton in Digou coal mining subsided lakes
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Fig.5 Spatial variation in density and biomass of metazoan zooplankton in Digou coal mining subsided lakes
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Fig.6 Monthly variation in diversity indexes of metazoan zooplankton in Digou coal mining subsided lakes

2.6 BEEMENERFHXER
2.6.1 MR Ve AT X AW S ) 0 8 B R A ) B S PR N T Z (8] #E 4T Pearson A SCHE XA, 45 SRR,
Fe MR 5 AR R R IEAIDC (P<0.05) e U Yk 5 Chla ¥R R TEAROC(P<0.01) , 15 TP 3K JEE
R FIEAS(P<0.05) s M8 LM S TN R EEFK IR 5 3 IEASE (P<0.05) , 15 DO WK BEEFN SD 1 2.2 1
R (P<0.05) B AW -5 NOS-N Al DO #eJ& 1 i 35 TG (P<0.05) (K 2).
2.6.2 RN B8 N RAELHFR R Y i S IRGE N 5247 24T RDA 734 g RDA Bt sy R 2
B ST E K I SD R (DO W SR pH TR ) AR Y i COD W (TP 9K | Chl.a #2310
APREEIN T 2 3 I 8 Al IR AR R KL SD R DO R JBE A 5 S A PRI S IV S5 A U
.

iR, P 4 H A W S DR R ) A e S TE ARG, KRR B e W) ik 5 Chla YR S IE ARG, AL 2
FHRFEYNR SR S EY RS DO WREER GARIC, MR A I SR e A s i R iU i £ %
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Fig.7 Spatial variation in diversity indexes of metazoan zooplankton in Digou coal mining subsided lakes
SEHUPAREIR. RRTR  SEMRI R A TR I S W R v A5 A 10 T IR N T O TR A A A e R
DO #eJE4E.
2 Ja TR s AN A e S AL D 7Y Pearson AHIGHE 3T

Tab.2 Pearson correlations among density, biomass and physical-chemical parameters
in Digou coal mining subsided lakes

PSS e /by RURSEE BUMRAYE RREE REAEYR
K -0.054 0.117 0.172 0.130 0.282* 0.214
SD -0.005 -0.221 -0.131 -0.018 -0.239" -0.222
Tur 0.060 0.130 -0.157 -0.197 0.093 0.117
pH 0.107 0.011 -0.010 ~0.111 ~0.080 ~0.164
Cond 0.242* 0.227 -0.135 -0.186 -0.014 -0.052
DO 0.063 0.003 0.091 0.088 -0.235* -0.240"
COD, -0.010 -0.066 -0.092 0.078 0.010 0.103
TN -0.029 -0.003 -0.108 -0.048 0.288* 0.111
TP 0.086 0.297* -0.044 -0.012 -0.028 -0.150
NH}-N 0.066 0.080 0.022 -0.059 0.125 0.154
NO3-N 0.142 0.169 -0.229 -0.005 -0.194 -0.299 "
Chla 0.101 0.313™ -0.006 0.016 -0.071 -0.144

w FRTE 0.01 AKOF (U L BN * Rt 0.05 ACT-(RUM) -5 E A
3 itig

3.1 KB EITMN
SRIETTREA X 22 A % TH 353 6 71, Jo Ly AR FE BR8P AR 245 B ) 458 ) ol P A 20l B 2
PRV AIKM 38 KR b R RS TR R A ST AR, COD, Wk BE AR AR 5, 3 2 phy T HF 5| A5
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Tab.3 Redundancy analysis between biomass

of metazoan zooplankton and environmental
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Y A A AL R A5 R e R A T BRI K
MR LA HLTS e o E AR AE B RS AR
PEWIA E B TR AR E | 3l 9 SR T X )
T TN Ve B 4 4EETE 1.0 mg/L LA I, SD 2y 63.46

factors in Digou coal mining subsided lakes (23~135) em., 134 B K P 528 B0 08 o i 7% R A4S,
YRR FIESRE I TLI #8800 61.86+1.37 , £4F ¥ 7% 60 L I+, FBHK
HEEE g mmsi L TRIERERONE. AN Mot Br
KB U S B 3 A LS KRR BURRIE G &

e AR

1 0.380 0.688 38.0 86.7 o - ’
) 0.340 0.528 414 044 Y)W R IR R S b N,
3 0.230 0.641 3.7 99.6 T B 5 A A8 7K AR v — B 2 T V5 o 289 I 34
4 0.001 0.504 43.8 99.8 FhBE, W R R R, K = B A ( Filinia

longiseta) VEFFE 2 IS %6 HUAE , M AN e b (9 i
b 4E i (Asplanchna priodonta) AV R 4E AU TR E B 4E HU(B. urceus) FHPWANIAN R o-H1I5H 2 p-h
TG SR A, T R B B SR KR AR R A L Y SRIBET I DX AT S AR A Pl SR R R 48 ok
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Fig.8 Redundancy analysis between biomass of the dominant species of metazoan zooplankton and

environmental factors in Digou coal mining subsided lakes
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