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BRI KRR, KT R . BRI AR AT R BRI E FRIRES KA 2 0 2 57 B3 e E S AR &
Shannon—Wiener % #1118 21 Pielou 35 50 5 #5 BUAAF7E {2 3 22 57 (P<0.05) s HH 48 5 78 SR AT (R FE A A oy SR TE A 46 e
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Fig.1 Location of the seven sampling sites
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in the Taiyuan section of Fenhe River

1.2 HEmRESLIE

U R R B vk 12 A e B E2 AT
A, AT ) N 201448 3-12 A, 8 SRFEL k. 218
T BN R AR N (A A AN BB 95, 1990) , 5 1A
fi FFLAR N 64 pom V3 I A2 0 X 7K THTHE MR 46 5 58
FFE SR RAE RO R KA RRAE , FRK 38 73 2R
£ 2 LIRG7KAE  INNAE R T bk 28 2 B2 0h 4%, DT iE
48 hJa  MTWRE R 2 HiE W I R REKAER T
HALFRFR 0T o 5o USR5 58 KA Koste 702K R 40,
22 (PP [ K B (CE 54, 1961) F¢ [ iR
M e s RF 7T ) GE 53,1997 . fe i AEME (IR
) L BAARFE TR (GERPAERE K, 1991 .
1.3 BUEENE

3% FYST K 5 43 B A € 7K A pHL 7K i
(WT) ¥ fi# A (DO , %8 IG5 (4 A 52 3% PH FE (SD)
R 4 ] SR K5 M A v 592, SR FH B G e 43 Dl b
R 5E S CTPD , Bl It B R 0 T AR SR b o e e
NS (TND , 5 4R R #h F5 20 (COD,,,) 2 18 [H Z 3
BE ARG J5y (2002) 11 75 720 52 , 4% 3 a(Chl—a) i
FEM5E 2% Lt (M E 2% ,2011D).
1.4 RS

KA EEFIRE N KRGS E FRREEE
(TLD 7 (AR AN IS 5, 1990) , BB (TP) L&
(TN 25 T B (COD,,,) « M 4¢3 (Chl-a) filiE
2 (SDOYE N PEM FEH5 -

RS Y I

Y=(n/N)f, ®

A NSl SR S, B R A
B f oz R I AR, 2 Y20.02 15, 2R AR
FTh

8 H R B A 1F 54 B 7 Shannon—Wiener %
FEVEFR 2L (H') Pielou ¥ 5] BEFREL (U , AT HE TR 45
) B 43 A AN 22 7 2 25 1% 49 HT Canalysis of similari-
ties, ANOSIM) . i ] IndVal B8 50t 5 AN [ 5 370Kk
BKAEFE R, #5875 (IndVal) 20.5. P<0.05 15
AR ZRETTES M F R EY RS
5 7 B 1R 7% TR RN [ 222 S, A 36 R FH g/ . 3 A 22
% (Duncan %) .

% F Canoco5.0 3456 & Hy 2H 1 Al 2R 855 R 1 3k
AT R 23 A, PR DR 080 3R AT A AL A oAl A
H 2 MR log(x+ 1) AL A LA EE . A2 HIE
] 1% 3¢ (Interactive forward selection) PPt 3445 A% & Xt
Wi A% B R AR R DT R %E . 5247 R 2 (Monte Carlo) &
A 56 (B 52 999 1) A 6 M) 8 A% 8 VO R i R A
R R e EP RIS o

2 ZBRE5HM

2.1 BHHEKEEFRRES

2 TR Oy T OK R B KR 3.6~27.2°C, 8 H R
B e, 12 H IR k. 7K 4K pH7.63~8.82 , & i
Bl o SD 7E & £ A 22 7 2 3 (P<0.05) , S1 -3
B4 2.37 m, ST H K A 044 m. DO H ZF=41K,
AXFE R ETE KL STRIK, FHERSA
5.04 mg/L, S1~S4 H ) {H 1% $ 9.86 mg/L. Chl-a i
JE W EN K, FE 05 S5 A S6 B A B R B, T
18 43 513 3] 25.92 mg/L 1 26.25 mg/L. £ Ff 5 TN
) A% 1k Y5 Bl N 1.91~3.15 mg/L, TP 25 1k yu [ A
0.021~0.465 mg/L. S7 44 ) TP. TN fl COD,,, &
B HABFE s

U] R B A5k S TLIE AR L 4 B 2, S1~S4 1)
TLI V3418 7E 37.18~44.70, S5. S6 () TLIF- 3318 23 51
N 53.57 Al 55.34, ST () TLI 1 115 65.02. 3 £ S1~
SA KAk R B FR T, S5~S6 KM A & E R R
B, ST KM g B E R A
2.2 RHBEREN
221 M EU R I A PR 5 d o8
$FJE3 H21 833 )8, @A H 1R B JiFk E 148 26
& HREHoR6)E. HhEREREFERE, b
A ER A AT 18.4%; FH O = B AR R, L)k 2
12.2%. B S34h, i )8 B IEM 2 i )8
FHRAE S50k 2 A . 28 oy RN B E
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Fig.2 Spatiotemporal variation of the
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Tab.1 Dominant rotifer species and their
dominance at each sampling site
in the Taiyuan section of Fenhe River

BT il
S1 S2 S3 S4 S5 S6 S7
BPRA FFE 11 Colurella uncinata 0.02 0.04 0.03
FLIR ¥ #6 HR Lepade patella 0.02 0.03
I RS B Brachionus angularis 0.02 0.02 0.04
AR R H B.calyciflorus 0.03 0.03 0.08 0.15
2L A B B diversicornis 0.05
R E R 46 dL B.urceolaris 0.02
MIBEZIE A . Euchlanis calpidia 0.03
KIEAULEE R E. dilatata 0.02 0.08 0.03
P8 . Anuraeopsis navicula 0.02 0.03
YR A. fissa 0.02
W2 £ F 8 B Keratella cochlearis — 0.09 0.09 0.04 0.08 0.13 0.03 0.04
1 e FF A R Kovalga 0.04 0.04 0.05
RA 0 R4 K lenzi 0.05
FIRA R T K delicata 0.04
5 B HE %G dt Notommata cyrtopus 0.02
/NE K% 1L Cephalodella exigua 0.05
7 B 3k# L C gibba 0.03

YA TCAR 5 H Ascomorpha ovalis  0.04
] HE 2 R B Polyarthra vulgaris — 0.09 0.06 0.06 0.14 0.15 0.11
KW Z %5 24 P, dolichoptera 0.09 0.05 0.03 0.09 0.12 0.16 0.17
K Z 5 P, maior 0.07 0.03 0.04 0.04
i G4 H 5 B Ploesoma hudsoni 0.02
KA PE B L Synchaeta longipes  0.02 0.03

UK R B ke R 2 FETE AR UL 3. S1~S4. 47
7515 S4B 5 S5~STHUK. T ZED TR, X Z

B % 7 0 2 (P<<0.05) . J'J Wk S1~S4 %6 i BETE 45 1)
BARE 1M S5~ST #& A AN &), Horh S6 P 341H
w1, '51?5%’%% LR EFEA X,

0t
VT Taae

S1 S2 S3 S4 S5 S6 S7
3
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&3 # H Shannon—-Wiener Z##1£3540F0 Pielou 354}

Fig.3 Spatial variation of Shannon—-Wiener
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Fig.4 Cluster analysis of the rotifer
community in different months
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0.014~2.055 mg/L, S5~S7 “F- ¥ A W) & ¥ B % & T
S1~S4(P<<0.05) . & H ALY E RN B A B
(BT ) 22 S5, A 7K B T 7K 3 0 = 7K 1) £ A o 3
e B H R B K A B A AL SR AR
1,3 B AR , BE KR T T HG 0, =5 B2 BB 2
TEFKE LAY RIEE BRI A 5 FEA 2L,
JER 55 U RCR G . e AR A PRI TP
AAHRFAE, K 2 I 6 RIS fa 6 M E R E R
WEERAR . PEER R KRR B R H Al 2
TE, FAKERAFZE oM, L R JE 45
2 FE I T8 BN 3 5 FE AR HC /K TR F= K A TE 22 =
HRKHEREE.
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Fig.6 Spatial and temporal variation of rotifer abundance and biomass

2.3 BRABNERENSIMEXR

HE TR AKARFE £ (S1~S4) R B 5 7R AK
R (S5~ SO E E E T KMARE RS D A HGHE
GERZE T (ANOSIM, r=0.53, P<<0.001). M98FH
Fe P A E TR R 1 37, AR 2

®2 AEEFREKEETYF
Tab.2 Indicator species of trophic state
in the Taiyuan section of Fenhe River

TR T KK $ERE P
YT TR §E B Ascomorpha ovalis HE R 0.64 0.001
L A4S B Colurella unicauda HoE IR 0.50 0.001
TR L Keratella delicata  $RJEEEFE 075 0.002
IR #1146 t K. cochlearis BEEER 067 0.002
G R K lenzi BEEER 066 0.004
ZFURGLUEE B Anuraeopsis fissa  FREEEIE  0.63  0.005
K £ 56 3L Polyarthra dolichoptera %% & & 0.58 0.002
B SR FE4E B Asplanchna priodonta 2% &S 0.57 0.003
ALK R 4C B Brachionus calyciflorus & 7% 0.65  0.002
B B A R B.urceolaris FEEER 0.62 0.002
fARE R I B. angularis FREEEESE 0.54 0.030

ML FE 56 HU B.leydigi FEEEEIR 053 0.001
JE 9 56 M B.caudatus FIEEES 0.53 0.001

A 5B B RDA b, 258 HaIE

)5, PR B 1 R R A% 508 Chl—a. WT DO TP TN Al
SD. ffRAZ &1 VIFEUEIK REO /N 10, FIHFR
HAE , B DUBR LA B S PR AR B i 3
A (MR N 41.3%. Hr WT Al Chl-a X240
(IR R B i » 23 79N 20.5% F19.2%:; SD BTk /N, N
6.3%. M 11 b5 R (scaling 1) fce SR ERIIAEE A
FHXUT, W 7. 551505 WT.DO A&, ARk
o R M ZE 784 5 55 2 i1 5 Chl-a TPV TN 1EAH
9%, 5 SD ARG, RVAS VA 25 1) S5 /KRS TR LA
Feo HERJER B (Trichocerca dixon—nuttalli) « = i
B % By Chl-a bh BE /3 Al , SRR 5t HU5 28 2 BihiAH
MR, P FL T P K AACE FR 7K P s i 389 5 B
TETCAPE BAN R AR F S HU S SD S R IEAR G, IE B
TEFIRPRURAAR s BB 2 o FRU = B D) = B2 7K
ISR ERARAR AT HE R KR K
Z e AR BR R EIE

3 Wit

3.1 AR B AR A
Ui R B I A RUK AR B S i e,
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Aov : Ascomorpha ovalis ; Bca : Brachionus calyciflorus ; Bdi :
Brachionus diversicornis; Cui: Colurella unicauda; Ese: Ephiphanes
senta ; Flo: Filinia longisela; Fmi: Filinia minuta ; Pvu: Polyarthra
vulgaris ; Pdo : Polyarthra dolichoptera; Pma : Polyarthra maior ; Sla :
Synchaeta longipes ; Tel: Trichocerca elongate ; Tdi: Trichocerca dix-
on—nuttalli

Fig.7 Redundancy analysis of rotifer abundance

and environment variables

BFEE AR RERE .2 R EATE
RIRMF R AT S . R
AV R B R 2 R, Rl KO B B A
ZHFES R RER 6 A7 HILRIEE. 8 HREE K
T T, &l UG H & B IR AU S5~ST il s i 20 i
L, G LA S D0 A8 T8 S o0 i 1 S R AR
F K Ik iR 48 P& A (Elliott et al,2005) 5 %5 — /5T 8 A
BRI, St EM RS VA R, R A
A G FEA TR 55 R H AR A K,
7 H F 10 F KRB Bty B A ORI A R E R
1o VTR OR SR BB 1 9T 7K 2R TBOK A R S8 B T I 7K
Gh, L B AR AMNS , N ERE RS HK I Z
] Bray—Curtis 1 2§ , 46 HUBF & 4540 22 S 50K, 45l
U RS MR AN X R 50 A 22 FEAL, U S
HOKEAE MR FER M ERF R G5
NN BV 25 R AN A 22 FE 1 32 22 R AR S U
AN [FI S B 7K S5 b AL 35 P o (1) T 132 31 ) 38 2% A AR AL
NI 555 156 52 1 ) 25 52 1) (Cottenie & Mecster , 2004 ;
Inaotombi et al,2016) . S1 /KA B B &, FiE £ 4
AN IR MR R A TR R SR E SR I AN B
TETCAR %S HL 0 IR 44 FF 4 U4 (Duggan et al, 2001) .
S2 HI S3 7K , 7K UL 8 BE LR , (/K B 5, %0 4

SRR REAR, B AR VA AR R RV P e 2 e FR S T L i
AR EMEREE R EA g . S5H1S6 A
AT, KRGS, | i 2 ke d  BOR gl 3L
=R BAEREVE T S R R R R AR B
B, S EAR . ABEFEE RS Zhao 55 (201D B 5L
— B0, VM BRI K AR 28 AL A R IR S S E T AN IR
sl RS U R B VR SR A AR AR ) 2
3.2 INERFXRAFEES S AN

RDA 45 538 B 520 0K Ji B e B 2= 4 A8 4 [ 3=
DRI 22 IR FE , 280 E A N o 56 2R B i 2 2
[H 7 /& 7K i (Baido et al, 2000, T HE#E %%, 2009) , i fE
T 5 e P U RE ) ) A K T s e e R R 0T R
BB, 3 HoKIR T & S UK & I 46 56, 920
R HS 18] (Walz, 1995; Pavon—Meza et al, 2005) . i &
R IR b [X e mh %8 R v WE R AR AE 5 2 (Bérzing
& Pejler,1989) o VRl S5 BEVI AN A 32 FE L ARy it
[F) AR A3 I s o, =g IR 2, AR
ERAC. T AR A AN R IR B RG],
b3 K A KR 21 A I 5 T e v » DRI T AN
R % A ZETE B LR (Herzig, 1987) . KB %2
() IndVal ¥5 7~ MPAN AL, Al 7K 2= 5 I BRI FE R HE 2
KEE BB L (Notholca labis) s F/KZE K 2 6
LR EE RN, SF KRR R N O R
E4 R (Synchaeta stylata) T & PEEH HL,

KEEFREER B MEYIME K. HagERa
WERK IR REY S E. R e e
5 BRI AR B 22 2 R 1) 952 2 AN B R (Ji et al,
2013) o ANSZIG IR 7R 5 4k 2 A S M B 1 e L
B R E R R 2 R B (Lififerotrocha
subtilis) IR AGUES L = %0 U4, 35 HLAA BB Y L
REAS 2R RH G , T AR 18 3 b R K AR R RN R
Portinho %5 (2016 W\ A 5 8 &K A AR EL , i A K A
FF ) AR TR RS S5 R R BE B
A R ER KKK S5~S6, M4 R a ik E R E & T
HoAthol g, FoRFS AR AT o . B BN S B ] A
T IR R H s A 5t (Ji et al,2013) 0 & HUFh
FEH AN R BB R R K PR B i &, 3R ] KA
B 50 LR T8 IR A o B 4478 7R 12 BE 1 v B
N2 R E A R )R R IE )8 (Barbiero & war-
ren, 2011) o A8 R I 2 58 & | 0 H 4 T8 AR A it
PRI, ek 43 AT T &k s, A X L3 Sl S
FRRAEA I, IndVal 73 B HoA S 98 B E 77 /KR
PIfe R Fh. MAEHER =R VB R EME,
B NN EE FRAGK IR AE A (Wang et al, 2016
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TR, 20160 o TUAR 73 BT 48 7 Bl 8 7% Sh Kk B T
i AR RS BT A 2 R HOR = R A R
e STEREPEEERMN, BREREMEZILI0F,
AT TR P TR & SRR R F
SRR IR TR A B R BB E E B
AR 3 0 (Yoshida et al , 2003) , SZ06 W22 £ %6
1% & 5 7K AR IR 78 FR AR50 R IE EE (Shao et al, 2001)
AHE TGS R R B, A A5 TR KTl fU RS H = R K
AVEEREE, PE RN SI-S4 e REE N
200~310 /L, & B IR AR B & 1 S5~S7 #6 F &
SERIME N 1 000~2 100 ML, 5 Wen (2011) 2 Wi
PN EFRRENR RFEETEYE . M2
B W R PR G R A SRR B A R IR
WA AL T 575 38 KT AL IR IE S5 B 0 R 2
FEVE R KA B 8 TR TR 2 BEVE AR (BT P55
2007) . AW Tl R E FRIRAS (SI-SDO B'EE
RAS(S5~SD), & B Z FEMEFR U 51 e 50 2 R
B, S5~ST AR AEIE 0.5 LA L. TERIEHRGZ
s, VR I R A R BRI RZ
— (Baido et al,2000) » ¥}VA] K 5L B %3 s KA
ARG B AR T SRR S R E R B, 1
o ST VAR A R A 5.04 mg/L, He w5 & 354k ™ 5,
AN 5> i AT FESE N, AR T 7™ B E IR A A
T B H AR A AZ B 0 SR B T R s 3R 2
ERE A=t NS IS IS U SRR

SE 0k
BT 5 2020. YK SR BOK G B DUR 2 #0174 R, 35
(1):73-75.

A, T LT, AR S L 201 1. U T A JL B T U 2R VR 45
HREAE S KB 2B 0], Bk, 33(6) : 1111-1117.

FE] XA J8 J7 5 2002, 7K R 7K W 30 43 4 77 922 (M. 4 R . b
o E R AL

SR, BB S T, 1990. WATH & B FRAL TR A MG M. 2 k. b
o P E IR AL

R T7 L RENE T TR, 45, 2007 W1 B 8 TR RS R B R 45
o B h 22 RERE IO SENAD). LEZAEPE, 15( 4) « 344-355.

TR, 2505, 22030, 55, 2016, BT HL X 4G dURER 45
HIRT S BhARE R )], KAERSIE,37(3):93-101.

54, 1961, H EVRKEE HEM]. dba: BHH .

FERE, BHE, MRAKET, 45, 2000. B T HGH & 8 320K B K
FERE WA RS BhAS 1. IR, 21(1) : 101-109.

MES, AR, ML, 45,2011, KR4 a I 2 5 1)
WEFE[IN. H EIREE AR, 27(5) : 24-27.
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Dynamic Changes in Rotifer Diversity and Community
Structure in the Taiyuan Section of Fenhe River

GAO Jin-hua, LIU Yao, LI Kang-ning, YUAN Yuan, LI Ya-jing, ZHANG Ling

(Department of Biology, Taiyuan Normal University, Jinzhong 030619, P.R.China)

Abstract: Fenhe River is an important tributary of the Yellow River and the primary river in Taiyuan
City. However, over exploitation of underground water and discharge of urban domestic sewage have
resulted in a water level decline and eutrophication of Fenhe River. In this study, we investigated the
community structure of rotifers in the Taiyuan section of Fenhe River, focusing on species composition,
spatiotemporal distribution and biodiversity of the rotifer community. Redundancy analysis was used to
explore the effects of environmental factors on changes in rotifer community structure. The aim of the
study was to provide necessary information for dynamic zooplankton forecasting and diversity conservation
in the Taiyuan section and to evaluate the pollution and eutrophication status from an ecosystem perspec-
tive. From March to December 2014, monthly investigations of the rotifer community and water quality
was carried out at 7 sampling sites in the Taiyuan section: Site 1, Fenhe Reservoir outlet; Sites 2—4, abun-
dant aquatic vegetation and little human disturbance; Sites 5—6, slow water flow; Site 7, heavily polluted.
A total of 98 rotifer species from 33 genera, 21 families and 3 orders were identified, and two species
dominated year round, Polyarthra dolichoptera and Keratella chochlearis. During the investigation, rotifer
species diversity among the sampling sites was high due to the heterogeneity of the aquatic environment
among sites. The monthly average species number was 28, and the ranges of rotifer abundance and
biomass were 153—1 440 ind/L and 0.08—0.89 mg/L. Species richness, abundance and biomass of the roti-
fer community all presented clear seasonal differences, with maximum values during flood season (June—
July), and minimum values in dry season (December). Analysis of similarities (ANOSIM) shows that
community structure varied significantly among sampling sites and rotifer abundance, biomass,
Shannon—Wiener diversity index and Pielou evenness index varied significantly with trophic level. The
rotifer abundance at mesotrophic Sites 1-4 was 200—310 ind/L and 1 000—2 100 ind/L at eutrophic Sites
5—7. The Pielou evenness and Shannon—Wiener diversity indices decreased dramatically from mesotrophic
Sites 1—4 to eutrophic Sites 5—7. Indicator species scores (IndVal analysis) show that Ascomorpha ovalis
and Colurella unicauda are indicators of mesotrophic water, Keratella delicata and K. cochlearis are
indicators of slightly eutrophic water, and Brachionus species indicate moderately eutrophic water.
According to redundancy analysis (RDA), environmental variables explained 41.3% of the variation in
community structure and water temperature, chlorophyll-a, dissolved oxygen, transparency and total
nitrogen were the primary factors affecting the spatial and temporal distribution of the rotifer community.
Rotifer community structure was shown to be a reliable indicator of trophic status in the Taiyuan section
of Fenhe River.

Key words: species diversity; trophic status; zooplankton; redundancy analysis



