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The zooplankton community structure and water quality of Xiquanyan Reservoir
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XIA Lingyun'
1 Northeast Forestry University, Harbin 150040, China
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Abstract; During the summer of 2010, the zooplankton community structure and physicochemical factors of Xiquanyan
Reservoir, China, were surveyed. Seven evaluation methods were used to assess water quality, including the standing crop
index evaluation method, the biological indicator method, diversity analysis, Q, ., index, eu-mesotrophic/oligo-mesotrophic
(E/0) index, fertility index method (E’), and physical and chemical factors evaluation method. Simultaneously, a
canonical correspondence analysis (CCA) was used to analyze the correlations between the zooplankton community structure
and environmental factors.The results showed that 33 genera comprising 56 species of zooplankton were found, including
protozoa (14 species ) , rotifers (29 species ), cladocerans (4 species), and copepods (9 species). The variety and
quantity of zooplankton were the greatest at S5, and those at S1 were the lowest. The ordination of variety and quantity of
zooplankton at each sampling site was S5 > S4 > S9 > S8 > S6 > S2 > S7 > S3 > S1. Rotifers were dominant in variety and
quantity,, with larger numbers and more species in the middle of the reservoir compared with the estuary area. Fifty-three
species were typical indicators of environmental pollution, including ignoreprobity (10 species), o-B mesosaprobity (5
species) , B-mesosaprobity (15 species), B-o-mesosaprobity (7 species), and o-mesosaprobity (16 species). Common

species were Polyarthra trigla, Macrocyclops albidus, Microcyclops javanus, and Mi. inchoatus. Dominant species were
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Difflugia avellana, Filinia longiseta, Polyarthra trigla, Mi. inchoatus, and nauplius. The average species richness was 46.
13 ind./L. Site S4 had the highest species richness (84.5%), and S1 had the lowest (0.5%). Of the four types of
zooplankton , rotifers had the highest, and cladocerans had the lowest abundance. The species richness of protozoa was 9.53
ind./L, with S4 having the highest and S1 the lowest. The species richness of rotifers was 32.48 ind./L, S4 had the highest
and S8 the lowest. The species richness of cladocerans was 1.33 ind./L, S5 had the highest and S2 the lowest. The species
richness of copepods was 2.79 ind./L, S5 had the highest and S1 was the lowest. The average biomass was 0.137 mg/L, S5
had the biomass (39.8% ), and S1 had the lowest (0.6% ). Copepods contributed the most to biomass, whereas protozoa
had the least contribution. The average Shannon-Wiener index of Xiquanyan Reservoir was 2.78, and the pollution level was
B-mesosaprobity ; Margalef richness index was 1.97, and the pollution level was a-mesosaprobity. Xiquanyan Reservoir had
5 oligo-mesotrophic (O) and 16 eu-mesotrophic (E) zooplankton species. The calculations of the Q. index, E/O index,
and E’ index were 2.0, 3.2, and 2.28, respectively. The water quality evaluation determined meso-eutrophic and eutrophic
levels based on bio-physical and chemical indices. The meso-eutrophic level was determined by chlorophyll a, total
phosphorus content (TP) , and transparency indicators; and the eutrophication level was determined by total nitrogen (TN)
and dissolved oxygen indicators. According to the CCA, the horizontal axis had an extremely significant positive correlation
with NO;(p=0.95), NO;-N(p=0.75), and CI'(p=0.75) , and the vertical axis had a significant positive correlation with
NH,(p=0.71), TP(p=0.68), Chl a(p=0.60), and had a significant negative correlation with depth (p=-0.72) and
COND(p=-0.72). NO;, NO;-N, CI", COND, depth, NH;, TP, and Chl a were the main factors affecting the quantity
and distribution of zooplankton populations, and TN had little correlation with zooplankton.

From the results, the water quality of Xiquanyan Reservoir was moderately polluted, and the eutrophication level was
average. As an alternative source of drinking water for Harbin city, the water quality still requires improvement, and the

water management and regulation should be enhanced.

Key Words: Xiquanyan Reservoir; zooplankton; community structure; water quality assessment
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Table 1 Parameters for water quality conditions and standard

iy B -4 p VR4

o R L , TRER ™ TP m R
Tronhic tyoes Richness Biomass QB/T E/O E Chla /(mg/L) /(mg/L) D/ DO/
TOPe ypes /(ind/L)  /(mg/L) /(mg/L) e m " (mg/L)
Sty
*,5% o <1000 <1 <1 <0.5 <02 <2 <0.1 <0.01 >3.0 >80
Oligotrophication

o)
o :'?%E‘ . 1000—3000 1—-3 1—2 0.5—1.0 0.2—1.0 2—26 0.1—1.0 0.01—0.10 3.0—0.5 80—10
Mesotrophication
B L
ki >3000 >3 >2 >1.0 >1.0 >26 >1.0 >0.10 <0.5 <10

Eutrophication)

2 #R

2.1 VRIS E A5

S thvriE sl 4 1133 J8 56 A (£ 2) ., Horh JEASIY 9 8 14 Fh, & 25.0% ;50 15 J& 29 Fh,
52.0% ; KA 3 @ 4 Bl (5 7.0% B2 E S5 6 J& 9 Bl 15 16.0% . S5 B2 | (5 B A1 58.9% ,S1 s/b i
17.9% , Fh 2505t 4R FE SHET /2 S5>84>89>88>86>82>87>83>S1, LUK Bt AL, H O X RFE SRS
FRAX,

TRl E R Y B WK 2,

TS £ Yl 46.13ind./L, S4 TTHR &t K (350.80ind./L) , TTHK R N 84.5%,S1 f /N (2.15ind./
L), TTHRRAU R 0.5%, 6 H B TTBk i R K (70.4% ) Wi mIN(5.2%) . Hoh 5 A 3390 9.53ind./
L,S4 f% 15 (82.05ind./L) , S1 1% (0.20ind./L) ; % #3514 & 32.48ind./L, S4 % = ( 263.25ind./L) , S8 ik
(0.47ind./L) ; KA F14M 1.33ind./L, S5 H 5 (2.70ind./L) , S2 4% (0.45ind./L) ; K& £ I8 2.79ind./
L;S5 N (8.50ind./L) ,S1 F#{%(0.15ind./L) .
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Table 2 The diversity index, richness index and pollution level evaluation of zooplankton in Xiquanyan Reservoir

RHE - SN ; s . o 5 YL AE L 5 YL AE LR
R b g mmx g% R AnR , o o
Sampling K . A H Pollution M Pollution
. Protozoan Rotifers  Cladocerans  Copepoda  Richness Biomass
Sites degree degree
S1 2 7 0 1 2.15 0.008 3.18 g 2.43 B-hi5 gy
S2 5 5 0 4 3.05 0.021 3.32 LEEE 2.29 B-H5 Y
S3 1 5 0 6 2.45 0.019 3.12 BRIy 2.13 B-rrim e
S4 5 17 1 2 350.80 0.412 3.01 2y5 Y 1.88 -G Y
S5 5 20 2 6 36.48 0.492 2.32 B-ri5 g 1.84 a-H175 g
S6 1 8 1 6 4.93 0.042 2.49 B-Hi5 Y 1.67 -G Y
S7 3 5 0 5 2.25 0.022 2.51 B-rfi5 g 1.75 a-H175 Y
S8 2 9 1 6 6.13 0.087 2.20 B-HiE G 1.54 a-PiG Y
S9 6 8 3 7 6.97 0.133 2.88 B-rri5 g 2.19 B-rris Y
iy e YL Y
3 10 1 5 46.13 0.137 2.78 B-rhi5 Y 1.97 a5 g
Average

PR S W) A W i 7 39 0 0.137mg/L, S5 BT Bk 5 45 K (0.492mg/L) , STHK 3N 39.8%, S1 FF s fi /)
(0.008mg/L) , TTHRRAL N 0.6% , BEIETHREL K (71.9% ), JFAESIYI /N (2.7%) . Horb, JEAE S -1
0.004mg/L,S4 Hz /5 (0.033mg/L) , #& K444 0.032mg/ L, S4 F¢ 5 (0.259mg/L) , HYKJE S5 F (0.021mg/L) ,
HoB SRR SRR S A USTRREE D A A2 0.011mg/ 1L, S9 25 (0.061mg/L) , S2 5/l (0.001mg/L) ;
KaJE2E 4 0.091mg/ L, S5 ¢ (0.456mg/L) , S1 £AK (0.003mg/L) .

2.2 KM

K PETE I s ) ~F BE AN AR W) BB AR T BN, TCie 2 BRI S 45 SR s B (AR A A B A VAN I
oG QR A . BRI, DA AR BE RN AE s AR S PPN a4 , PE SR IR K P 2208 TR BK 2

PRI BT AT /R AR R 5 YU RE B | AR SO IR OGSk S e s th 5 e dig s i 53, Hirp 38
15 10 15 18.9% ;0-B TG 5 I, 9.4% ; B-riG A 15 5 28.3% ;8- HHHE T B, b 13.2% 50-175
PE 16 T, 15 30.2% . MAS[ATS Ged /m b 2500 b7 SRR EL B , V4 SR IR K 22 AR AR AL v B 5 Yok

PSR AR K 2 2 ZR 07 i sl WL AP AL 4 G HEET R 2 UEE L Polyarthra trigla 18 K 87K 5& Macrocyclops
albidus . JNEE/NS 7K 5& Microcyclops javanus FVHOEI /NG K 35 Microcyclops inchoatus , T8 7 B35 Y237 4351k B-
a 115 a-H1 75 B-hi5 A B-H T AR AP AL 4 Bh 548 1P 58 U Difflugia avellana & = I %8 . Filinia
longiseta &1 7% 22 46 H ORI /NI K 3%, P 3443 314 0.05,0.05,0.09 A1 0.05 , FIT 48 718 (175 YL 2 7 43 51 4 o-
5 -5 B-a SN BTG . LEG VRIS R WA A BTG Yt n S, P SR AR OK B AL A T
K

VG SRR K PR sh W) A W) 22 FEPE L3R 2, Shannon-Wiener Z2FEMEFEEC(H ) S48 2.78 15 Y8 /R 59l
B-rhim Yy Horr S8 H5 RV YRR i (2.20) , S2 $R/R V5 YL PR B e 4 (3.32) s FE R RIS e R A A 4 4>, o
B 44.4% ,B-PT5 0L 54, 7 55.6% , 4878 15 YRR BE 45 R AE SUHEIT U2 S8>S5>56>S7>89>54>83>S1>82, H
JE O DX YRR B i AT 1T X, Margalef W00 25 FEEFRB0(M) 328 1.97 15 48R 55900 a-rhig g, Hirp S8
TERTG YL TR B 8 (1.54) ,S1 5 /R 75 YeFE B e % (2.43) ;4678 B-Pis e 4 4>, 5 BB 44.4% , a-Pi5 % 5
A, 8 55.6% , 4578 15 YRR E 45 R AR L HEF & S8>57>86>85>84>83>89>82>S81, H O [X 15 YL F B v Tl
X, ZEEEMZREIRECE , PR IR K KR E AL T P 4575 YK

PUIRHRIK 2 2 7 i s W 3- B 3R 8L (O) Fh A P f B 48 B Keratella quadrata . {8 JE 1 %8 B
Pompholyx sulcata %4 J& & J& ¥ B Brachionus diversicornis , 3 [ /i %% 5 HU Asplanchna girodi F 157 5K % 8%
Bosmina coregoni; B-E ?%EE( E) Fz a2 R F7e M Arcella hemisphaerica R A W Cucurbitella mespiliformis |
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B R g Hy Acanthocystis aculeata B2 R W Epistylis urceolata | h 1 8 Vorticella Sp- . /N b U Vorticella
microstoma K BH BR W & H. Sphaerophrya soliformis . Bk & 4& 45 M0 Lithoculla globosa . VU ffi 3 H % W Platyas
quadricornis MEFE /K ¥ H Epiphanes senta , B30 22 15 58 . Polyalthra euryptera 1< =% H &K 2 ¥ W Rotaria
citrina B F5REE Diaphanosoma dubium , B il 81 7K & Thermocyclops vermifer FURHLH: R G117K & Thermocyclops
dybowskii, ZEVE,Qy He HUEMHEH B/ O S BOMNE BEFE B (B ) BB 35100 2.0.3.2 F1 2.28 , 7K B iy S 7
AT EE T BT AE BT, A = IEEOT AR TERIRK R IR E AL T 5 B IR

HOK BUACFE PR IE AR ME RN B L3R 1 3 3, Hh DI G R a W BEFEARPEM /K B AK BT st 8 5= Ak K
-, LA TN Y BE SR AR PP 8 &8 SR ALK L TP W BESR AR IO o P i B SR ALK LB SR AR PP o P
BIRK, IR SR AN o & B TR . 288 A TUK BCBRALIN TR, 14 SR HROK e = K AR A T 6
BHIRKF
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Table 3 The sampling points of the water physical and chemical index

KA KR B IR ey A R4 BT
Sampling sites Depth SD wr pH % DO COND - NH
St 8.0 0.78 24.8 9.19 5.34 0.001 4.81 0.004
2 4.8 0.82 25.3 9.25 5.56 0.002 2.70 0.002
S3 4.6 0.69 24.9 9.31 5.88 0.156 8.50 0.001
S4 4.0 0.64 24.1 8.45 4.75 0.149 8.91 0.001
S5 13.5 1.04 26.3 9.92 6.15 0.158 14.35 0.001
$6 16.0 1.02 24.9 9.47 5.17 0.152 8.95 0.001
s7 9.0 0.91 24.8 9.28 5.02 0.152 9.25 0.001
S8 14.2 0.99 25.3 9.74 5.84 0.154 1111 0.001
S9 26.0 1.08 26.2 9.84 6.09 0.157 10.45 0.001
T Average 11.1 0.89 25.2 9.38 5.53 0.12 8.78 0.001
R WRRET  otmk. &R BEREER sERE 0K it
Sampling Sites NO; Chla NHZ-N NO3-N CoD,,, ™ TP
St 0.77 7.9 0.57 0.63 6.2 1.25 0.05
$2 0.1 7.9 0.56 0.55 5.9 1.42 0.06
S3 0.73 7.9 0.53 0.57 5.8 1.36 0.04
s4 0.35 8.3 0.6 0.53 6.4 1.16 0.06
ss 3.01 7.1 0.47 0.69 5.6 1.36 0.06
S6 0.50 7.3 0.58 0.60 6.0 1.29 0.06
s7 0.49 7.6 0.55 0.60 5.3 1.34 0.05
S8 1.07 7.3 0.47 0.59 6.2 1.40 0.04
$9 0.87 6.7 0.64 0.64 6.1 1.39 0.05
T Average 0.86 7.6 0.55 0.60 5.9 133 0.05

2.3 M S0

HIE 2 ATRLA 4l 1 5 NOS(p=0.95) NO;-N(p=0.75) Al CI"(p=0.75) A W F M A 4l 2 5
NH;(p=0.71) TP (p=0.68) fl Chla( p=0.60)7F 4 &3 W EAH KN, 5 Depth(p=-0.72) F1 COND(p=-0.
72) A AEE WA RO . SR AT S6.S8 Fll SO KIKIEFEA HL I8 . Vorticella convallaria /)N 178 HL 141 8
i B4 Askenasia volvox . £ 58 B %8 M\ Brachionus angularis A% JE 18 FE %6 B Brachionus diversicornis | Jii “F- 1 & H
Pompholyx xcomplanata JHIRIFEH B 2 e B REBYEEI B Synchaeta stylata AR5 AL HUTE R S17K
& MR GIK FZ MBI IILN K & Paracyclops fimbrtatus 5 Depth Fl COD,, 5 i 3 A9 7 A0 G ; S2 1 S4 K4 fid
SeHU KR BHBRWAS B I8 B4 H Brachionus budapestiensis BS540 FE 8 B Brachionus calyciflorus % [ [R] B 58
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M Diurella rousseleti .22 35 B %E 1. Collotheca ambizua . FHEKE|/KF /NG 7K & FIHHOR /NI K £ 5 NH; |
TP F1 Chla RILHAR S A IEAH SN . BYIR R R A A IS /K & & Paracyclops sp.5 NO; Fl WT FILH R =5 /4
AASEME, S5 FITRT IR S i 5 4 TR A58 PR 1A G HEAS AR K

MR B 1 KT HES] NOS .NOS-N .C1™ .COND Depth [NH; TP F Chla J2 5% 0 1 % 5 4 23 1
1) EEABE T, 5 TN BYAH AR,

0.8 NH4+

Chla

A20
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Fig.2 CCA analysis for the relationship between zooplankton community and environmental factors

3 itig
3.1 FEREESAEY R AR R R

— MBI, BRI A e L IR ARG, B R A ARt Y AR A LS RE 56 Rl R
sy, Horfe OGRS 29 B, o5 SRR 52.0% , F B BTRRR S 70.4% AR BTIRCR R 25.1% , THiAg R 25 9
T, o BFP AL 16.0% , F B TTRRFEAUH 6.0% , 490 STRRF AN Rk 71.9% , RIFp 500 3 B Tk R 40 Ho
BEIEIEMY 3.2 50 5.4 %, ALY TTlR R L B SURFE I 2.86 £, 5 LRSS AR —5, AREA S, fdTT
HR R AR R A = A U 22 I L, AR A W 1R 0.003mg, TR A2 288 3 ik 238 05 0 2 i fill /N 21
K, HAMRA: PRy 0.020mg, SEARA D 1m0 5, WO INGI K SR = B ORI 22 54 HU) 6.67 %,
N TN K & RS R P SFh , o A e 2 T DU B T A i R A C A B 4, BT
DAAS = B DTk iR AR SRR IR I S S AR W A n] RS 5 7 F B DUk K (MR
HIBE /N R JE R A Y TR
3.2 TRIGShYI RIS SS R R AR i

1998 4FFl1 2005 4F , i >0 Fnz > Xt v SR HR K P VR i sh W AT T AT IS, PR URERAE 2 th 35 R (R,
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HBRFR I AR Sy RS HUs g BB LLAD SO SRR I S 4 AR S e B o A U A BEAC K S B A, a5
FISEBCE LRI IR 21 Fl ;1998 4F A A B A B M X IR 22, 45 42 823% Bosmina sp. RHi% Alona Baird
sp. fEIE R Daphnidae cucullata | FRZE Diaphanosoma sp. FR TR 3% Dapaaia magna S g IR K AR FE R At ;
2005 4 A Y A S BCRARXT AL O 17 B P b5 HUR Difflugia FIFRSEHUR Arcelle %0315 58.8% , K
Z R IEIE R Y AN TRl B T S R PH Actinophrys sol \ZETE M. Amoeba sp. ) 135 32 K K38 7R
Pt AR Y A e ORI S AT £ 5 ek 20 B, HLAR A 17 Bl AR AR DL B FROK RS R, 7 58.6%
BRER 9B, RE AT EFKIRIGRF, AR 2B AR B H, 1998 4%,y 12 F, 15
YA R SR A, 2005 AEALFFPAA JFUAE S AIRR 2 15 IR /R S AN .2, 2010 4E {5 G4E Rl 28 b 57.
0% , FLARE Hr 4575 Ye S LA I 5 A =F B R A: 4y 0 T HE B 22U T R g, 2 R T 270 3% B TR T 55
W, PHIRMRIK I 1996 AEFF MR /K, 1998 4F 7K FEAL T 2 i 49 T AR R A e B DX R AR T X4t T - 1A
BUBTRTCHLER | oy JELAE S 00 BA A A S I T DB ) P85 2 1, IR 7K AR 2 2 80 T8 R BR )22, ) B4 B R
U, ToT5 g AR E M ANE T BRI ARSI BARKETE 2010 AR E &2t H LR R e 11T, Kk
C A BEAAE TR RS (EJRBEE /K P B AN DA B i3, AR SRR BEATS 3  IA IEARE i IX
Je L e ol 72 5 kS, 25 PG SR IR K R SR 1 K EE I AR M T G, oK BT A8 AR A P i sh W R R 25 A O 26 T IR A
ORI T A WY UF i R ok e (T
3.3 PUSRHERAK VAR BTN I vk oA
o T IR Sh R RE S MR R S PR T G R 2% AN AR 2 R K BUA AN B8 42 T, HAT 7 AT

oK AR B T Y AR B2 AN R B0 L i A M R S RS S M | 0732 AT 9 2 IURRAE % 0 o A 2522 48 0 5
AL ISR AS A R LRGPP, AT ARAS TN B A PP 45 5 ARBFIRE T A ik P B ik 2R
RRGE S HUEYITREE (B0 1R BOEFINE 18 BOL S Z R AR YA 0PN 5 2% JF 455 /K Bt B AL 38 Br %) 75 S IR
K 2 2K AART S G i DLHEAT T B A T 0 A IS, 25 I SR 7, P SR IR K K AR A T rp 295 R 3 T
PRSI R T IZK R BTG B L
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