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Succession of macrozoobenthic communities and implications for ecological restoration in
an urban Lake Wuli, Jiangsu Province*
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(State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of
Sciences, Nanjing 210008, P.R.China)

Abstract; Zoobenthos play crucial roles in maintaining and stabilizing the structure and function of lake ecosystem. Moreover, vari-
ous zoobenthic species are valuable in freshwater eco-restoration. Uncovering the succession of zoobenthic community evolution
could provide important information for the application of zoobenthic species in freshwater eco-restoration. In the present study, suc-
cession of macrozoobenthic communities was examined by combing field investigation from 2007 to 2017 and various documents. It
was found that the succession of zoobenthos community in Lake Wuli can be divided into four stages, including natural succession
stage, rapid degradation stage, habitat restoration stage and slow recovery stage. Besides, taking the water quality, sediment char-
acteristics,, phytoplankton community, and the reported eco-restoration activities in Lake Wuli into consideration, we discussed the
major impact factors in different succession stages of zoobenthos community. Summarily, based on the above results and practical
application of zoobenthos in freshwater eco-restoration, the present study pointed out the research directions which should be en-
hanced at last.
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o
o
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JEM sh B Sk B H R B KA A S RS s Wl
v ,2007 — 2017 4F A 2h P Bt ok H A SCHVE 3 % 1 B 0 1lkm
T K 30 2 B N A T BRI A 5T A K B W
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. Fig.1 The regular sampling sites of

AWFFE I 1740 m’ R RN AT AR R e 4% R 4R zoobenthos in Lake Wuli
SRR SPIRE by, B3 A SO R A 3 UK, B il SR AR T AG
BRI TE BPEAN )7 15575 3CRK 26, /K B IARIES: BEIE (KRBT BT AR ifE) (GB 3838—2002).
1.2 REERFUETZE

ARWESE PP R B IR I T A A v AR R AR X (COoD,, ) L BVA(TN) L E A (NH,-N) B S R
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2003 £, [l  H | ) 4t 5 #0 F07K 7 97 5 A T LI K R B0 50 — RS il T HL A B S M 1980
AT A Z 1 EE A RFEE oL S G, b JRiB A 1208/ N UK AR Y
LEa R AR S TR EE X LRI K AR A ) R G B A S G AR b T R AR K T FcK
PR R IF ARG
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Tab.1 The major programs applied in Lake Wuli in recent decade

EREE 3] i 1) A 27 SCHik
By 1960s JG FFIR ARt [11]
JUEMESR 1980s ZK— 1990s HlH FRRKAAEY) , LT 3 KRB R [13,20]
FRHH 1990s SRR 0, 52 [14]
5 YL 2000 4EFF 4 KR TR AT A A A, B R E AWM [13]
B T Tl 5
LARIA 2002 FH i AERSTEWR KR R Bh oK ERE [15,19,22-23,29-31]

SRR IR AT A 6 K TR

1.4 ESH
1.4.1 Shannon-Wiener % #1445 %%  Shannon-Wiener A=) ZHEVEFSEL(H') Wi L AR T A

" o=- Z (%) m(%j (1

KA, n, R L BRSO L, N % i AREAS AR S ) S . S TR 3 4 22 A P O 3 1 s o T
3R 33].
1.4.2 A% WSR3 B LR A A TR

Y = (W)f (2)

o, n, A RIS B N SRR PR sh ) BT f N R A sS AL B ARR )
FOESBE V>0.02 (14 F Ik 3 Fh,

1.4.3 it SCR 1BM SPSS 24.0 XA sl AR5 Bl 4088 #1517 Spearman S5 A 40 H7. BLAk,
SCH S E 2 H AreGIS 10.2 58 A%, 1 H Al B (4 221 14 B 452 Origin 2016 58K

2 RS

2.1 KIRTAFE

1950 4F A3k 10 B /K AR BIAL SR AR A5 4k .35 (] 2) , COD,,, M 128 A6 AT 43 9 LT LA B B 45 1 BB,
1950s — 1980s , # BEEYIMEAL N 2.53 mg/L, il kT 288k T2k ARvfE ;56 2 BB, 1990s #1301, He At COD,,, #e & 2
Jl Tt BB RT3k 24.83 me/L,VE(E R 57 mg/L, /KB T VR4 VEpruE; 5 3 B, 1990s KW 24
I BE COD,,, e He AR L IR 34 HOP X N 6.45 mg/L, K R FEA L T IV 2 K L _EARME, 2012 4R AT 34
2K, AHRAHT 45 R B R , COD,, MRS TN ¥ &2 B 1E M5 (P<0.05).

FHLBIAK AR TN NH,-N Fl NO;-N ¥ B A9 28 A #a 35l . B A =22 (] 2 5 38 1EAH 56 (P<0.05) . BV A 4K
PR TN MR 7E 1980s WIHAIAL T AR, 76 1980— 1981 4EM] , ¥k T3 M 0.85 mg/L, 1 35 1 27K 5
S MIAE 1987 — 2008 A4 [A], 554F TN MY E it 2 me/L, ¥I{HH 5.64 mg/L, #E 1994 4F35 2 K H 10.92
mg/L, 343 BI7E 2002 4EH1 2005 4F 3% F Y B IEAR ;2008 4E 2 )5, TN #e B I 30HT T I, 29454 1.37 mg/L,
KA IV KRt (BAE 2017 — 2018 AFR MK BE TR FH 5 K 2.65 mg/L. NH,-N I NO;-N ¥ B ¥ ¢ 2002 4Fik
B KA, 435124 5.08 F11.21 mg/L. Hr NH,-N #REETE 1950s F 1980 — 1991 4EM A1 435 T 35 1 2870 11 2
IRBRUE ; 76 1992— 2002 4F39)[] , ¥ 1H =535 3.49 mg/L, KFF4AFEI45 V 20K 52007 4746, NH,-N B K
BERRE, & 2014 AFEIAN] EEAUN 0.24 mg/L /KBl ik T 280 T 28K A, (BAE 2017 — 2018 4R A 3 i B3
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Fig.2 Variation of different water physico-chemical parameters in Lake Wuli since 1950

KGR T, NOS-N ¥REETE 1980s I3 T NH,-N AU, b4, 55 TN H1 NH,-N ¥R AR fb #a 3w B R
], 7E 1990s 1A, NO;-N ¥R H LB 5 F [ 5 NOS -N TR 2002 4E 8B i K AE 2 5 S AW T a3, BHE
TE 2017 — 2018 A [RJ A H 348 I 5 1) T 5.

TLELHIKAR R TP ¥ JEFE 1981 YN 0.02 mg/L, 1l 3k T 3SKbRiE, Z 5 IF IR TR, A6 1992 4E353
B RAA 0.38 mg/L, MJ5 B3 2002 4F , Hofk BE— B AL T8 R K, K BUFE R4 i M DR b 2 45 V 28R k. #¢
2002 4EZ 5, T H KA TP Vi B W] A%, 2002 — 2014 4F A SE 3918 K 0.08 me/L, B ik IV 25K bR, 16 5E
SEAEYELIRE 1128, B 1 2K F. [RREH, TP A1 PO -P W 7E 2017 — 2018 43 H B 1 % 9 W Wi L T
1 1951 4EF, PO -P M EE{Y-N 0.01 mg/L, 75 1994 4EIF 35 ] i KAH 0.09 mg/L, 2 J5 AHFAL , B7E 2013 —
2014 4E 2 JE PR L BE L THE# 78 2017— 2018 4ERTE 353 0.07 mg/L.

IR 17, Chl.a ¥REE 1 1990 4F- IR 230 F Wt $h, HoAE 2001 4F H B K (H 0.08 mg/T., 7E 1993,
2003 12007 4E0F53-51 H BLE B EAME , A 2007 4[4 2 52/IME 0.008 me/L & , 3T JLAFE SR AW FTHEaR. B
£ 1992 4FFH1 2017 — 2018 AFBS H BUARAIAE , DO e BEAE FAWAR AR 40 FHE B (> 8 mg/L) , H IR LR,
JKIE DO Mk BEAETE R a3, 7E 1950s i, 7KK SD>1.4 m, [ 1980 4EJF 44, SD fHIEZR 0.5 m AT, HE 92
7E 2008 — 2010 4EMA] , SD fHY K 0.28 m, 7E 2017 — 2018 4EAMKE % 0.51 m.

L5 L RTIR  B DO He A SD Ab, H BB K BT A 22 [RIAEAE AR AL AR AL R | R G 1 3 B 4 SRt B
WET X —S (£ 2). FIEIRITE 1980s — 1990s I [H T 4 2 2 T+, KBS 7E 1994 45K 2002 40 35 B R K
1, 7 2007 4 [ EARARAE. BeAh , R 5K B8 45 27 2017 — 2018 4F 30— 78 B I . FE /K Bt
ZEMEHY, COD,, (TN \NH,-N FI TP 3735 2|45 V 2 i 1E 2007 42 J5 K BE (0 A5 2] — 8 R 1 1.

2.2 AR IR b MR 4T

HEBUIERY N EE7E 2002 £ 2013 4E0F A0 FUEAE, DL 2013 R0 A & s, T FE 2001 F1 2012 4} 4k

FAE, DL 2012 IR HAR. TIRYH P & i a5 B, Hodh DL 2002 4RI S 555, 1950s B A%, HL7E
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Tab.2 The results of Spearman correlation analysis
CODy, TN NH;-N  NO3-N TP PO; -P Chl.a DO SD
CODy, 1
TN 0.627* 1
NH;-N 0.483 0.673" 1
NO3-N 0.024 0.783" 0.500 1
TP 0.518 0.503 0.721* 0.133 1
PO -P 0.100 0.714 0.429 0.657 0.486 1
Chl.a -0.050 0.224 0.700*  -0.048 0.661" 0.200 1
DO 0.086 -0.036 -0.679 -0.107 -0.286 -0.300 -0.714 1
SD -0.367 0.233 0.548 0.452 0.083 0.900 * 0.333 -0.714 1

* Fe7n P<0.05

, #k 3R P<0.01.

3 IR TR B AR B A Al

Tab.3 Variation of physico-chemical

parameters in sediment of Lake Wuli

P 1] N/(mg/g) P/(mg/g) TOC/(mg/g)
1950s — 0.023 7.5
1990— 1991 4f: 1.81 0.71 25.1
2001 4F 1.19 2.61 40.4
2002 4F 2.25 2.80 40.7
2003 4F 1.48 0.75 27.0
2012 4 1.16 0.59 19.6
2013 4F 2.31 0.54 —
2015 4F 1.42 0.56 17.5
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Fig.3 Variation of phytoplankton abundance of

Lake Wuli in recent decades

2001 — 2002 40 = FULAY R N & ot DU
TOC FrE A iEH S P S B bR —3 [
FEFE 2002 4ERTIA B i K AH. B4R 2015 4ER LY
P HI TOC £ & AHXT 2002 4F B I 1 FAR, IR T 1990—
1991 4EBF I 12, (HATS I i T 1950s B EY7KF (3R 3).
2.3 B EY B R T

TE 1951 4FET, FHWK R vh B ieAE 4 25 B2 AT Ak T
BURAKE AUH 2.67x10° cells/L, {HLE 1990 — 1991 4E
i PRI B B C N2 4.17 x 107 cells/L( 18 3).
TE 2008 — 2012 4F- 18] , i IEAE 9 2% Bt R — e AR BE 1Y
TR, 498 1.49 x 107 cells/L. 1 2014 4ER] | A
Yy R B T JLAF B9 B KMH 7.03 x 107 cells/L. A
1951 4F AR, o B W V7 i Al 0 £ At kA T A2 k.
TE 1951 4RI, 1 HL TR AR 4 ARk e TR B ke TR
AR ) 1990— 1991 4EHF, BEFAE M LA EE e T g
BRI  Hod XA FER R ( Chroococeus ) fHEE
W)@ ( Microcystis ) TINS5 & ( Scenedesmus ) (5 HL#, B
FEUR HBRA R ™ B A 5 B K AR, E 2008 4T )5, TR
T LI BRE ] SR TR TR 2R S A AR R
A7) LA B T B BB R ( Oscillatoria ) | K 22 3 )&
( Aphanizomenon ) Fl 4 i 5 J& ( Anabaena) FP25 0 F %
PR
2.4 R BEE T YSE

LR, B R 30 4 5% AR AR A 0 W] 43
B 4 AN B FE 1987 — 1992 4E 18], AT i 28 B 4%
i, XN 789 ind./m’, 7E 1995 4FAif 1k £ B Bt 4%
IE{H 3860 ind./m’. 7£ 2006 4EH, JE AW 5 ) 2 FE & &
1008 ind./m’, J-7E 2007 4F-F+ 5 B BL g {H 2295 ind./
m’,2009 4EHF FR [ E 4 1059 ind./m*. 2010—2013

ARSI AT B 2% B 2 v S48k 3151 ind./m’ , 7E 2013 AERTA F R A (H 3920 ind./m?. 2014— 2017 4E4]
6] , i B RS Sl 5 B — AR, SE9(0 R 844 ind./m>, I [BI7E 2015 4EB %5 BENE &5, 78 2017 4EHT ik 3| 2%
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B /IME 460 ind./m* (& 4).

2002 4EBF, LR RS A Wi s, 9 26.75 o/m* | Z 5 BE TR, TR 2008 AE KB AR Mt
14 2.32 g/m’. 7£ 2008 — 2013 430 8] , JEC G sh 9 A= Wy 2k Je Tt e 5 BEARR , SE 900N 6.97 ¢/m®, 78 2012 4R ik 3]
IE(E 14.69 g/m’. 2014 4EMF WIS A= W 28 SR THS ik B KA 258.3 o/m”, Z R PG TR B AL T35
FE (B 4). MEHS TR BN, RSN A YRS Chl.a W IR Y £ 5 35 2 0235 A G,
AR RN 0.83.
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Fig.4 Variation of zoobenthos density and biomass of Lake Wuli in recent decades

KT 20 L TR RN R T, 116
FORARA (HRTAR B, 19505 1, I IR ) e B
YRt or 0w AUK A B IR EOa IR sh 114
FhZREME IR S, (H A 1960s FF45 , A S 40 ) Fl 5 g
BRI S R L 7E 2007 — 2013 12 8
SRRy, A Sl 4 0 b RO AR AR A AR A AL L, o §
H 2R FHARKE. 2014 4EFFR, G 3h P P Fh -
BORkAT B S0 7%, 7 2015 4RI i S JLAF () 85 K los &
{H 19 Bl {H Shannon-Wiener Z¥E 1415 01E 2016 4ERT
BB, R B 10 4Rk T LR 30 ) 0.6
R KRB E IR T MK T (1-2) 7> N Sk
FRIMARR AL THE K . i , N "
61950 EE B AR ADAE B g et DS
iRl [ LA H AT A ( Macrobrachium nipponensis ) 9 Fig.5 Changes in species richness and
e, JLUC KBRS ). (N 1960s FF iR, KA Shannon-Wiener index of macrozoobenthos
Wish ¥ B A4 5%, B 1990s B, & & F2 b AR ARt 5 Fh in Lake Wuli in recent decade

SR SRR ) 0 55 B T T WA A3 R e

Z 5 B 20 AR [R] B T B RS sh W e A AR AR Y DL EE T /K 22 85] ( Limnodrilus hoffmeisteri) L3 N
B D HAR Gy AR KR AR B0 Tanypus chinensis) R4 BE B G 7 2007— 2013 4F 2017 4491100 , i HL30 g
JEAG S I 3 145 O 8 T 7K 22 B R e 4l s, {ELFE 2014 — 2016 4R399 i), JLAH K 80 I A 28 B0k 3 4 R -5 85
( Glossiphonia complanata) TRCAPEIFP 435 51 & 40 45 2585 18 ( Bellamya aeruginosa) FUR L, 78 3 4534
NRFHF(F4).
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Tab.4 Changes in dominant species of zoobenthos in Lake Wuli
Fhy R (R

2007  EEFKZ2E](0.39) P EHKRRI(0.14) LLARAHEE(0.11) (2 E/MERL (0.03) FEHFTZAELL (0.02)
2008 AEHIKZ28(0.36) \HE R FEIN(0.23) LLERATEI(0.06) AL AT HIL(0.06)

2009  FEHIKZB(0.28) HEK EEEL(0.16) ZE/NMEE(0.12) FEMRATRFEL(0.09) LTHRAHEE(0.06)

2010 FEHAKZZE(0.23) R EFEI(0.13) LIHRAHRE(0.11) (2 E/NMER(0.06) L FT 551 0.05)

2011 HEKERE0.41) ERKZZE(0.20) 2 E/NMEE(0.09) FERRTZREFEL(0.07) ATRRAFHEE(0.05)

2012 EHKLE(0.25) LIARAHEE(0.23) PEHERRE(0.16) AEMFTZRIBL(0.04) 2 E/MEL(0.03)

2013 EHIKZ28(0.64) HEHK RIR(0.24) LLARAEEE(0.03)

2014 EKEE(0.38) ZLERAFRLL(0.06) MR (0.05) ARFHHIR(0.02) ALHFZEFEE(0.02)

2015 EMKZE](0.20) FEMATZEIEEC(0.15) P EH R EEL(0.06) T IE(0.04) i EE MBI (0.03)

2016 FEF/KLZI(0.18) W THIE(0.07) EMATREEL(0.07) LLARAHELC(0.05) (R FEE(0.04) VB85 H b

12(0.02)
2017  HEEEFEE(0.08) EEKZIE(0.06) £ O /NEE(0.05) FEMAETIRIEE(0.05) LIAEFHEE(0.03) 3R
J&—F(0.03)

3 itig
3.1 AR MR E R TIHE

Ay LY R 3 T PR A, T LR Sh AR TS AE ST 70 4ROl O AR L S T & R AR B DI AR G, RS A
JETE BN A IR A BT A AR A, L LIRSS M M R ECEE 19608 IR TT & HH 3L R B, 31 1990s B 7Y
JEMG S O SEAT R 2 21 BRI PR A R 2O 8. IR, SIS S eI O O St & A TR K
HIAE AR, AT SRR R I A sh g > AR SR T R Y B B 2 RN B S b . 7R 20T 20 AERY A B
B2, TR SR B AR 2014 AR IR/IME TR #8510 AR AR IRSh AN B VR IR IR
TR B, {H AR R AL T AR K T

E X H T 1950 AF LRI S Rt i S5 A BAR 0 4T JFEE & BT & S5 AN E B,
A LK L B S P TR AR AR OB B, 55 1B BER 1960s BT AR, e B AR T HEAE R
DI A SRTEAE B BE. BURSET 1950 4F L 7 T B WS A Sh e 22 ¥ 1 DR A BEORMIR D (R Sk ') ot 1 B
5 1960s W1 LART AN S RE TS S50 AT SR AT LATE HY |, 1960s H03 LR, T FLBAEEA AL T H SRS | R sh i
R SRR S, KBRS R E & DL L H AR IR AR S . 5 2 BYBER 1960s A
1 1980s A, ML BOARIZLUGAE A TS 5 RN Sh Y EE PoduR b B, 76 A, B B shid Bk, m
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