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Fig.1 Sample sites in Yangcheng Lake

1.2 HRRE

FE A it FH 25 55 2 1) ) U A A X i 45
I, ERFEE 5 L RKA FHIZRZ 0.5 m Al
BAJREJZ 0.5 m /KR4 HL5 L, FE4MRA) . Bl L
IRAKREI &R IR E SR E A S s % 2
48 h JITEG UG 2 30 mL, il 4% B IV B ARAE LA
BB L BEASREESI 3 A FATRE . B B
R 1 mL H$E , 76 5485 (Olympus CX21,100
x ) Fa i B2 B A EAE e B
J . G HURPE A% E T KOSTE ' /32K R 4. 4
AP R ARBUESH " . IR K SR
17K 1 000 mL, 5 [B] 52 56 % J5 43 K AL b (TN
TP) FIH4# % a &, IR B30 4 /K IR KR
B SRR SRR o
1.3 BiESH
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R AAE f oS | R B, Y >0.02
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K, a — X PR R ECE A b o —
A XA 4 Fh Bl SR R 5 ¢ R T L IX BT A )
B
Z FEPEFE 5L : Shannon-Wiener 9 2 F£ P $5
(H),
! > Ni Ni
i 3 (e )
Margalef ¥)# 4= & B 4540(D)
D = (S-1)/LaN
Pielou Y45 BE 4641 (T) -

J = H'/LnS
K N, NS AR N R A
BE,S R R

P %4l % F SPSS 18. 0 HfFAb 2, 34 F
CANOCO 4. 5 B fF 40 %f & UM ER 5T N 1~ 1) K 3
AT IS HT (CCA ) FEIREE N F AR A B A
JICH S 1], o BRI A R SR U R R AT
B, SEBL TR SRR S R T R A R LR o
H1 T8 L BRI T 9 T A ) b BR R 2R XK
PRASCrR F CCA 3 Hir B ade R4 e 1R R i A2 A
6 M RAE I B, HA W G R AR ) Y
1% KL L, 2N 25 Filr

2 4k

2.1 #EKR

F 1 A PHEBI 6 A RAF S 45 H IR AR i I
RRFEFRRSIRBUFEHME, W A B
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TE 6 AN RAESUKIEB N E BT, Z2HLE
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Tab.1 The annual average of environmental parameters and TSI in 6 sites

' WA A A, B B, C G
environmental parameters
JK iR/ C water temperature 18.47 18.67 18.17 18.63 18.18 18.31
W4/ (mg/L) DO 9.61 9.39 9.68 9.15 9.75 9.62
FRHsE pH 8.62 8.63 8.68 8.25 8.68 8.49
HWIFE/cm SD 69.88 65.17 55.38 50.71 58.42 55.04
COD,,/ (mg/L) 6.08 6.18 6.01 6.33 6.06 6.04
BAE/(mg/L) TN 2.12 2.91 2.13 1.86 1.67 1.57
B/ (mg/L) TP 0.59 0.78 0.71 0.56 0.44 0.54
4% a/(pg/L) Chl.a 25.68 26.71 25.83 24.37 19.16 24.31
RIRFREFEREFEEL TSI 68.98 70.62 70.90 70. 24 68.09 70.52
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2.2 FhRARRRITEIERM

2008 4 6 H #2009 4F 5 ] FH P i 4 [ i
X 6 A RAE AR B 48 0 83 Fh, g T 12 Bl
30 j& ., HhRREREMERE BB m M5
w2, 510 15 B 9 B, 5 S AP ERY 18. 1%
M10.7% . B B, RAE RN, AR 5 MR
TR PR SO e 0, 2 =R B D IF
HBCRE AL, £ R SRR R 22 R A 0%
(P>0.05),

22 Al AL, RAE S AB.C A, B, il C 1)
15 Y48 8 B A5 00 Sk 39 B35 B 38 R 41
Tt 20 T 34 Fh, UL B-rPis Yeds ik 2, 1
HA A B 46. 2% 42.9% AT. 4% 46. 3% .
44.8% F150.0% o R C, P ST YR R Fh 2k
BOR ENZ AT TAT 15 G A8 n 2509 20. 6% £ Fir
A RFE R B 5 1T A CRAR 5 P 0-B g g
FE R IEBOR B T AT FE R RSB 26. 8%
TE AT R ol P HL 5 s o

R2 6 NMREFEAHIMBTRIETRHM
Tab.2 The pollution indicators in 6 sites

A Ay B B, C C
5 Z 5% 1 Polyarthra trigla B-o + + + + N
INZ G, P. minor o 4
FARZ RS B P. euryptera o i
WAk PE B4 . Synchaeta pectinata o-p + + + + . .
KIFAPJEEFE IR S. oblonga B + + .
K =48 Filinia longiseta a + + + .
=I5 R F. maior B i + N N
itk =548 B F. terminalis o-B +
=R F. cornuta o + + + .
B = A8 F. brachiata .
IR BB 46 . Brachionus budapestiensis + + + i .
I R4S I B. angularis B-a + + + + + .
BV R4S B B. calyciflorus B-a + i + + + .
SR R . B. diversicornis B + + + N
AR R EE L B. urceolaris B + + + + . +
PR R4S R B. falcatus B + + +
BYIE R BB 5E R B. forficula B + i + N .
MR R4 B. leydigii B . .
IR f6 F 46 1 Keratella cochlearis B ¥ + + + + .
(i1 i e, F 48 1L K. valga o-B + . + . N .
HIE 4 K. quadrata o- + + + + N .
R L0 1 Anuraeopsis fissa o-B + " + + + N
5 /N R4S B Trichocerca pusilla + + + + + +
55 R I T. capucina 4 . + N .
[ 4 &S B T. cylindrica o-B + i + + + .
WK FRBIEH T. elongata o + + . + .
KSR d T. longiseta o-p + + + N
B ISF R M T. rousseleti o +
5 EF A T. gracilis +
AR SRS T similis + N . . .
AT SR #E 58 I Asplanchna priodonta B + + + + i +
WIS L AL girodi o-p + i N
SEBRTCA A . Ascomorpha. saltans o + + + i .
R ICHFE L A. ecaudis o + + N + +
LLHRERE L Philodina erythrophthalma B + + + + + .
K L4 W Rotaria reptunia o + .
I3 RESS . Monstyla cornuta B + +
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A Ay B B, C C,
ARk FRESE B M. closterocerca B + + +
FEECPEESE B M. elachis B .
RA LSS M. priodonta o 4
JTCAE B0 By M. unguitata B +
BB IS H Lecane ungulata o-B .
TR H 46 B Lepadella patella o-B + + +
BRI 48 L Colurella uncinata o "
iR 48 i C. obtusa o .
HHE W %6 Bt Dicranophorus forcipatus o +
4 #F E 3k#6  Cephalodella gibba B +
K58 R 56 . Euchlanis dilatata o-p +
/INgEEL S5 L Cephalodella catellina B + + + +
i [ 4% 1. Dissotrocha aculeata B + + " +
At/ Bise B Hexarthra mira B + + + + + +
VIR %S . Pompholys sulcata B + +
Jit L5 R P. complanata B + . + . N .
Phff B AERS . Conochilus unicornis 0 + + +
MEFRE /K58 I Epiphanes senta o + + +
LA I Collotheca ambigua o
ToH S5 1 C. mutabilis o + +
MoK g H C. pelagica 0 +

T 0 SRS YAR R 0-B N TS QAR /R Fl s B b PTG RN s o G YA R il
Notes: o is oligosaprobic; o-f is mesosaprobic; 3 is mesosaprobic; « is mesosaprobic.

2.3 B

A RAE SRR E , BN 3 SR
FE AU 48 BAR =5, Y3 0. 83 5 vl IX
KA LA T B AU RS 0. 86 5 9 [l K i X %t
WA BRI B, Z [ AR BE ik 21 0. 86, FiTfi R
FE AR LU 2 I8 1 (Polyarthra trigla ) Fl
VETE fa, HH 45 Bt ( Keratella cochlearis) i 55— {55
AR, S BT E Y 0. 44 ~0. 53,
B B 2 ASRAE S PR 2 IR HUI A R
K(0.28 F10.34) 1M A A, .CFHlC 4 RS H
BRI A R R ok, O 0..26 ,0..27 0. 30
F10.31, Pearson A M i 7R — & 1E 45 R AE mi
A= W B A A3 728 A 55 G iy ) s T A )

W A8 Ak B B 2 M IE A O SE R (r = 0. 584,
P=0.000,n=70;r=0.626,P =0.000,n=64)

MR 3 IS RAE SRR R %
PR (EFEE >0.10) JL-FAHIA] , {HAE A 2R
B 22 e I TR 45 RAE R 38 R 58— AR 3, i 5
AR R A AR £5 I B P RAE A G R Y
T DKRAE S LA AR S R DA 5 ALY
B ARREFCAE BB R B —Fh B 5 B, A5
TARFERCOEAE R R . C 5 C I AR
HIRIE f W48 . Pearson AHOCPESS h 7 it )8
R TP —FIAE S s P AR B2 1) H A A2 A 5 o)
L P TR BE 1 H 0 AR Ak B A B 3 IE A 6 (r =615,
P=0.000,n=T71),

K3 N RESEERBHFITEN

Tab.3 Seasonal variation of main dominant species in 6 sites

# spring ¥ summer Fk autumn £ winter
EHEZ IR B Polyarthra trigla all sites A B,C,A,,C, all sites all sites
WEFE £ 46 1 Keratella cochlearis all sites all sites C,C,
SRR E AR EF—Fh Trichocera sp. all sites
PEBIE B R EF—Fh Synchaeta sp. A, ALA,
B BB %6 0 Brachionus calyciflorus B,B,
il BB £ H %6 B8 Keratella valga B,
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2.4 BRHEMEYZEMEYE

FHYE A5 HL 2008 4F- 6 H % 2009 4 5 H ¥ [
N 3 A SRAE SUAFE T 4 A ) % B A AR ) 0l ol
3 590/LA12.46 mg/L;iIX 3 4N RAE sSAEE A1)
TE AR 30 2 969/L A1 1. 99 mg/L, BB
R EEBX K TMEN. 6 RS IED
BRI HEE A, (4 762 £4 049) A (4 513 =
3316) .C(3 533 +1833) B(2645 =1 794) .C,
(2616 +1 469) F1 B, (1 529 +1 294) /L, 6 P RAE
SR IHER A A(3.202 £2.111) (A, (3.031

16 000
14000
12 000
2 10000
= 8000
6 000
4,000
2 000
0

MR / (ind / L)
density

+2.331) B (2.081 +1.452) ,C(2.068 1.324) |
C,(1.630 0. 783) I B, (1.302 £1.407) mg/L,
AR ST AR ORS00 A s B A i
et B T AR, bl A (A, BB, 4 A
AR T9) P L A AR SR i B AR 2, T A W0 90 X R
FERMBIER Z . ZE AR, B, 1 A4 B A
A A B EYE T BN #2257 (P=0.010;P =
0.005) ; [F]if, B, A REAN A A, (YLD 1 %
P25 (P =0.012;P =0.022) ,C, Ml A YLD HZ
(] S B k2 57 (P =0.036) .
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B2 MEARHBX6RERRAENZEEMEYERFLTN (B RESANAMERRE)

Fig.2 Monthly average density and biomass of Rotifer in 6 sites( sample of B in June was lost)

2.5 MHEBENYMSELEREY

PR 80 801X 3 > R A B9 58 R RE I 0
Shannon-Wiener £ 4% M5 %% . Margalef + & & 15
KR Pielou 4 5] B 48 H i 48 F 24 18 43 0
(1.796 £0.594) . (1.592 £0. 669 ) F1(0. 709 +
0.159) 5 P Bl A 3 AR AL 573 5l R (1. 686 =
0.594) . (1.394 £0.675) F1(0. 719 £0.169) , M
K3 w1, BR Bk 2= B, s b HoAth 5 AR AE A
Shannon-Wiener Z #4850 Margalef & & 15
BN EKERMA TR RGN ENEREZ
# Shannon-Wiener $i5 £534) =5 T 4 i 1) IX R A A
M 99 il N Margalef 45 %5 DU 2= S4 45 111X 5 v il
I RFE S A TR BE A T LB TR
T T L ) DR A A R I I B PN SR A AR

B R 5 57 DU 2 42 0% T -5 HAR R I A ) X R
FERiBo 2R i [H] Shannon-Wiener ZHE{E45 4R
2L 3B, 5 A B Iy Margalef £ 5 JER 8%
S (P =0.016;P=0.023) . MFEHNI6 K
FER R IR BRE TR IR B 5 O B A 2 S 4
BEBETHKKR (r=-0.244,P =0.040,
n=71) {85 Shannon-Wiener Z F:{: 45 K B A7

AR
2.6 FREHRBESARMEEERABMESH
(CCA)

4 g CCA I3 b BTt U Ly i G
£ CCA 3 HTHT, I BRI M= 5 BEAR S X 326
RZIE 0 PRI AR R EAT log (x +1) B, fili H:
B IESM .
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Fig.3 Seasonal variation of species diversity indices in 6 sites
%4 CCA SRR RE M FR4CED
Tab.4 The codes of species in CCA
R Yrh i Yrfh (%] LY/
code species code species code species
al  FEZIEE B Polyarthra trigla cl  FRRE A Brachionus urceus m  ZYRBLES B Anuraeopsis fissa
a2  EBRJE R EM—FP Synchaeta sp. 2 RE R B. budapestiensis f R REEES R Asplanchna priodonta
a3 FRPE B4 B S. pectinata 3 MARERH I B. angularis g /MEBESLI B Cephalodella catellina
bl K =WEH Filinia longiseta oA HPRERES B, calyciflorus h  ZIHRJie4e Bt Philodina erythrophthalma
b2 RB=EHES W F. major s TR R B. forficula i il [E] #5446 B Dissotrocha aculeata
dl IR WS d Keratella cochlearis el  W/NFREF I Trichocerca pusilla j I AR L Conochilus unicornis
2 b W K. valga e2 [AfESRERE T cylindrica k @ s 8L Pompholys complanata
A3 IR H K quadrata e3 iR T similis 1 A FNWiEES B Hexarthra mira
ed  SREREKER—F Trichocera sp.
S S T 0 R (R 4 0 R 0. 285 Al o
0. 099 ; 2455 X il 55 Py R HE e it 22 18] 19 A DG R 2K ' ‘ o
Sy 0921 1 0. 8195 Pyl AL 5 BT 45y T

B 21. 8% 1 29. 4% ; YyFp—INBi AL 5 Rt 4y
oyl h 56. 5% 1 76.2% |

o BHE T 7K AR 8 AN BRI B 0 8 U AR )
PEAT CCA I3 P 4 HEFP 4 SRR WT 2 | Bk
ISR 8 HUIE & 45 M R M K, i pHL (E 52
Wi fz/ e 6 ASRABEA 12 A4S A/ 72 48R
3 HRI> AT RAE RN 5.9.10 H {58 B A=) 4 1
52 W B TEAH OGRS B s T ol i1 6,78 H
Oy e IR AR B SRS SRR IE A SRR iR
P R A AR 1.2.3 .11 12 AR5 Y SRS
SRR AIEAR AR B o 1T 6 SRR 4 H
Oy BV RE S BE3 S —Fh L - A R A R EE AR )
WG4 a IR R /R B Al B, f A
Wy B WA TE AR SRR BE oK PR AR i X C Al
C A A T w3 .

-1.0

1.0

B4 FAEHRERRESSHRETSER CCAHF
Fig.4 CCA ordination diagram of rotifer communities
between the sites and environmental variables

®.A; O.A; M.B;[1.B,; ¢.C; ©.C,.

AR Bl BH 7 T80 07 128 A Fe IR R 2R S 8 AN BRI
i, PTG REE SR CCA HEF (K 5) o 4
WA UL X e SR B SR K, BROK B A S R A
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J& BUR S IR A RN R U S S BOR
AIEAR OG5 ¥ KM I f H e AL DE B 4 i )
FEHR R K B ST 18], S5 S BRSO Sk
2R a, SR COD,, (M AR X B R . IR
T2 feu HR 48 SRRV 7 22 IR HR 70 A £ AR Al v 1], 8
BRI B R W AR B2 AR DL, Xt ENIE TR T
JITId (12 P Fof 8 A P A7 SRR i P 3 O R A
Rl

1.0

08 _
-1.0 1.0

5 MREMEEMESHREEER CCA HF
Fig.5 CCA ordination diagram of rotifer communities

between the species and environmental variables

3 vhe

3.1 RABMERZIHETL

B 22 e HURIRIE fa FR 48 IR TE 6 R
TR A Al A A Y B — B AR, OF B
1 22 B HUTE 25 SR AE 1 0 2 o 18 0y R A
Fi. AR, 51K 2 e o — R iR v
A AT LATE R AR E R Y . 4R T
L YRR R, AR YR s W it
G, BT 2 IS ) RE s BT | AT A T R
e W AT S, LA AR A5 2% AR 0 A0 O R Y T
PR R e A R R
PR RR A RO AR, IRIE
MO A HA R R EE TR (1) ATRATE R
WA ARG B0 T 272205 (2) AR AR
v, 1 & AT A2 s B 49 4N TG ) AR (K.
cochlearis tecta) , n] DATE & & FR KK K&
7E2) TG W A8 F (K. cochlearis cochlearis ) N
AT AR Z04 ko B 7 Loy 1 B A
g,

MAPEFHAFP I ZE T Z ARG FRRNZE 6 -k

FE R I DCFT T OLATS A B 22 Jcde HR RN AR 1,
R, MEARHAAR., EE7RERERE
T — T A IR £ PP 6 B &R R — BEE
LR X SIREA G, SPSS HA G R
RS R R R — R 5 IR R AR T AE R
KA, CCA R R IR E T A 25 Mgk i
AR rp 5 0 R I R G R R 1§86 L, 3X S B
KPR 1 RS TR N K R S5 S ARAT
278 6 R R EE — LR Y O B 2 IR
AR ZARFATN 0 B AS [ X B AR R A
MY AE AT A2 A, R 2 8008 B f R 3h R K 4R
PR RV KR, TR A S5 RIS & ZR A 3R 5 )
IR f F 56 1 D8 B 40 B R Fh— R A2 AR
iR 5% A (DO) A 1EAH Ok, 1 B i BE A
R M A 2R BH T8 I 25 58 J A D 38 43 A 1) 32
FEJF A, X 5 ARORA M %} Yamuna ( Delhi)
] (SELLAMI %" 5 Southern Tunisia 7K 14 fit B
TR

6 N RALE U Z Bl AT S, AR+
BOFAAAR o AH SR D SR A o5 1 L AR L 1
AR, AT REJE Hh T I BRI X K R R 52 440 T, 4
LRI 2 A SRAE A D i I 7K 3 3 5 AN ] 1) ] 2 ]
DL IATIARALPEAR =1, SR 25 i) DXCOR A 45 5 v
T 0 ] PN PP SR A e ) I A AR UM ARAIG, X 2
TG TR B A AN R i Y o L El TR
TR TR R K BT, QAP AR 3 L B SR UK A )
AT EESRHE T &, i VAl KA, Rl AN
[7] f e BRI T A R R B RS M A Sl 7
W Sl AR TR B TR 5 A X SR
FE A58 ] B AR A 1 2 K (B R 2 #0222 M 5k
JE A FARE A PR AKAF ) 5 1 H I DXCRAE K EAR
D PR I 3 RS ] A A 1 18 56 HRO S8 A AR [R)
3.2 IMERERFNEWNEZERZIN

FEl A AR 2 S M e S R R 45 4 1) [
RO NEY AT ARV IR T g, o A
Py T HE AR A 2SR 0 2 A FE O B
2 540 M 3 R 47 5 SR A Y AR 8 R 14
FERE A MR a  BBEE . ANRIFP A4
BT A S gAY R R TRV
ol R IR A i R R A A
PSR IR IO Y & TR e i PAE 2 NIE bR S N 8
TG B AR PL SR BT 1 22 RS LRI f F
5 O e ORLAR /N £ 0, Um0 v 257 T
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A AR Fh 2 35 g e PR Rl DR UL T Ui A ) S
MZEATHE L3 4L BBl P Bl X %o R A
(e Hu A % A A A R R AT, 5 6 SRR
SRS U B FE R 2008 A 7 12009 4 4
(B¥E3 H)AH—A LTk, FHEB HCRFE S S
I8 B 1) CCA HEJ7 B4R H 5% X A~ H 1) 36
B FHAMN . 7 H 6 A RAE Y Bz 4
K a AR, Pearson FHICH:FE i, L Ff
SRR FIEA IR (r=0.596,P =0.000,
n=71) BT, HERER a SR K, K a
THRERIER R BN EEIG R —, HiER
I T K IR A AL S 2 AR R R
YR, B e dUEY % E BT, BAA8
AB KA 2% a R e, HHh T8 H
Dy EEE LI i ( Microcystis sp. ) i3, TR £
Bkt d i T [ B AR B AT N 2R R il T e
P 2o 398 R R R A S T 9 A TS B ik
P . AR BSR4 A6 3 4
A ] R 1803 DX ECRAE 1, 4 0y 6 SR AE A I
JEX ETEZE 20 T, REAFERAR 552 2] (1R 528
SEANIA] (H LGS B3 O 3 pUR T o B AR R e AR
VI FE N 6 A~ 4 A O I8 JE fa F 4 ik
Y A5 b LR AR B BE 1Y 80% LA L I AE 5 H
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The variation and analysis of rotifer community structure in
and out of crab-net-pen closing in the Yangcheng Lake

CHEN Li-jing' , LIU Qiao', PENG Zi-ran®, HU Zhong-jun®, XUE Jun-zeng', WANG Wu'"
(1. Ministry of Education Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources ,
Shanghai Ocean University ,Shanghai 201306, China ;

2. Ministry of Agriculture Key Laboratory of Aquatic Genetic Resources and Aquaculture Ecology ,
Shanghai Ocean University ,Shanghai 201306, China )

Abstract.; Rotifer species are cosmopolitan and the endemism is very low. They are highly susceptible to
physical and chemical changes in their environment due to their small size and permeable integument, and
they are known to be an important link between the microbial loop and higher trophic levels, so rotifer is an
excellent indicator of the water status of a lake. Yangcheng Lake is one of the most important freshwater
lakes in China. The total area of the lake is 119. 04 km®,aquatic plants are dense providing a food source for
crabs and the lake yields high numbers of the Chinese mitten crab ( Eriocheir sinensis) . Currently, although
the ecological effects of the pen culture on the environment have received extensive attention,expert mainly
focus on aquatic plants, physical and chemical factors,environmental effects and benthic animals, but rarely
reported on the rotifer community structures. To date,no studies have been done on rotifers in Yangcheng
Lake in detail. Thus, the aim of this study was to analyze the spatial and temporal variation of rotifer
community structure and species diversity in net-pen closing and lake areas,in order to provide the data and
theoretical basis for aquatic ecosystem of Yangcheng Lake, biodiversity conservation and sustainable
development of ecological-pen-culture. Rotifer community structure and several feature parameters of water
quality were investigated in 3 controlled sites in net-pen closing and lake areas of Yangcheng Lake, during
June 2008 to May 2009. The relationship of rotifer community structure and environmental parameters was
analyzed, various parameters were used to assess the water quality. The totals of 83 rotifer species were
collected , belonging to 30 genera and 12 families. The study showed that the annual average density and
biomass of 3 sites in net-pen closing were lower than those in lake areas,density exhibited significant positive
correlations with temperature. The CCA biplot of samples and environmental variables showed that rotifer
assemblages followed a water temperature gradient, suggesting that water temperature was the most important
factor in determining seasonality, but the pH was the lowest. Different months were affected by different
environmental parameters, there was no differentia in sites except April. The CCA biplot of species and
environmental variables shows that the warm-stenotherm species like Trichocerca sp. , Anuraeopsis fissa,
Hexarthra mira in the down-left quadrant have strong positive correlations; the cold-stenotherm species like
Keratella quadrata ,Synchaeta sp. in the top-right have strong negative correlations; the eurytherm species
like Polyarthra trigla and Keratella cochlearis are in the middle of the biplot, which support these two
species are dominant ones in a year. According to the Jaccard similarity index (S, ) ,the high similarity in
dominant species occurred between net-pen closing and adjacent lake areas. Water quality showed that 6 sites
were all eutrophication and (-a mesosaprobic, although there was a slight degree in sites C, and A, , no
significant differences in 6 sites,which was similar to the results by TSI.

Key words: crab-net-pen culture; rotifer; community structure; the Yangcheng Lake
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