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OB MR XSRS VI K I B AR B IR I S AR OGO . B L E A IR
FREVE AR I 25 AR AR AE K 5 K BRI TR 9 AH B OG AR 2 ] BB R 5G 43 4 (canonical correlation analysis
CCA) Xf 2019 4457  F 2 BRIl i (1) I PRV M S AAR R SRR BRI R IR T 4T 2 o050
o0, BT DNA ZIBAHAR S E H FVETERUR R FIbe 28 3L 8 B 17 J& 26 i, 2 4F 43 A i AL H5 A T ok
% 5 7% ( Bosmina coregoni) i W IR 87K % ( Thermocyclops hvalinus ) FJgi 7h 7K & ( Ectocyclops phaleratus) ,
FERA: W) ZREPERS BURAEAFAE I 25 25 57, FBERIA XS 40 A0 AR A6 K T F 5 8 4k, HAE =3 (] B3R
B PR IX IR T AL AR IX e, A A S AN A2 268 S /K PRI AH DGR 45 SRR B TRLEE (T) B (TMD) 5 77 #h 45 Tl i
SRR R A RO T PR 0 5530 Sl ) 7 3 B e 7 LRSS A R AIE , T S\ Pb Zin Dy RBERE
M PR , XA A S FIRR FE 2 2 B B W 2 SAARI G o X VR U AT Iy R T 8 R A S R ) B R, T LA
oK) AR S it AN 25 DX i AR M2 2, S Bt IR P R AR R

KGR : FITEVE: RO BORS; BEVRLLE ; FREAIOCHE BT

FESES: X 52 XEkbRERD: A

FIVETE A 25 R TEAL A0 A P A R
PEZ M REE BN IR
ZH BLAE AR LA S b s v o A R A% S i b S 7K PR
Btk . E NN TR ) 2 S R TR
it s AR AL, I SO K SR O, 5] Bk v 2
6% W 0 0T 3 A BOIR 00 % B B AR 0 A
KSR I AR TSN, SR 4R B 5 R Bk, 5 3
PR PR 22 ORI AL G 28 22 25 0
DNA SIB R ARMISE &, 32w % e < il
b WA F SRR R 2R T B A ) 2 S FE bR
Je H 57K 5 PR 1 A S R 29 B 1 E B A
FFE RIS 25 40 A, B 76 I DE K B 5 W
KA R RS2

U BPRS ik

1.1 RERXE.WESAE
2019 FFEZ(5 H) EZ(8 ) MEkZE(10

s HER: 2020-04-03 f&E HE#A: 2020-08-26

H) X EEERE (115°28" ~116°42'E,38°28" ~ 38°
34'N) EAT 3 R GRS P A AR B Ui I S
DX SR DU AL BEE 30 ARAROLA, W 1 R
13 S PR AE Y (RIS 29 0. 112 mm)
X B (T ANRE 1 SR AR IR I8 ) HEAT RE P A
ARAE FERIZHE R 1 ~3 min SRJ5RE, FTIFIE
1 RERE R AR SR o R KL U8R, R4k
7K (29 10 mL) A2 50 mL BRSO, A
B JE Y TE XK LUK B AR )8 R BAh 2R e
AEZE AR AR 25 S iF i A (£L4% 0. 064
mm) i€ 20 LG /KKE, €5 2 50 mL fii A25
mL [ 75% B E RA7AT Il LB a0 . B
(KB 20 A S 2 7Kt (WT) #5 i %8 (DO)
22K a( Chl. a) 4R, 2R 1 LKAl Bl 525 = 4
CHRAFIN E S (TP) R (TN) SRS AL, e
A BRI SR P 4 IR A IR 2 R B )
1o TRUFSHIRI S E S I I s i ik B

EETE : J0 A H A bl [E 54 (201808130270 ;b4 1 AABF£ 542 (€2019201390 ) 5 FHHEE /K A= 2 W) B8 TR BR S5 ) 5 L5 /K sl A 2

1852 (2130135 ) 5 ITIL 2 LB QA7 0 F (55202091 )

EB R AT INRBA(1996—) , L, LA A, WFFE07 16 /R A A D PR e S5 A4 . E-mail :919359761@ qq. com

BIEEE: £214F, E-mail ; wanghw6688 @ gmail. com
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Fig.1 Sampling sites in Baiyangdian Lake

1.2 DNA ERBHEAR

PR RE A E IR 41 DNA 557 & (DP316) $i
IREAS R B A 2R A A2 26 DNA, 3 L €O T 3%
W COT(5-3") 5197 51.50 mL () PCR §" 1%
KRR LA AR 1 ~ 3, Bl BT e i o 10
g/mL A BRUNR W B JBC R AT R K, G DN 2 75 I P
e H AN B ZZ b 1 x TAE ( Trisbase,

Aceticacid EDTA) | By & 120 V, B yk A5 [A] 20 min,
A 750 bp Ze A7 HBLI 257 X LAY PCR 7™
Wik AG: 7 M 4 MR 2% ) AT O] 0 G e
Jr 1) DNA B, IR GenBank il X, #2
O HA R FR B MEGA X # 2 RGE R B,
PEATIRAL R

%£1 PCR RM5|#¥FEF

Tab.1 PCR reaction primer sequences

B} Gl KB 1B Kl B3
Primer Sequence Length/bp Annealing temperature/°C Source

HCO01490 GGTCAACAAATCATAAAGATATTGG 25 42 [4]

LCO2198 TAAACTTCAGCCTGACCAAAAAATCA 26 42 [4]

http: //www. shhydxxb. com



6 11 PINREBR, 45 FE TR ZEANBE L 2 2 FEIE B9 LR SE R SR I 55 A 1015

%*2 PCR RR{EZR
Tab.2 PCR reaction system

X744 F% Name of reagent

{4 F Volume/ L

PCR MIX
HCO01490
LCO2198
R Template
ddH, 0

41t Total

%3 PCR EM&H

Tab.3 PCR reaction conditions

19 % Process 1R Temperature/ °C HF[E] Time/s G Cycele/ IR
AR Prevariability 95 60
A5 P Denaturation 95 40
iB K Annealing 42 40 36
FEAT Extension 7 60
FLLEAH Further extension 72 300
2| Stop 4 o

1.3 HiEALE

HFEE RS H MK ER MM E
J&E PLHBEE(Y) | Shannon-Wiener 2 £ 1 4§ £
(H') | Margalef ==& FE45%0 (D) Fl Pielou 5] i
D) 1R TR S B IR R &%
580K Y =0.02 (R EAE A, Bk A= an
T

s
H = - ';Pilogzpi (1)
J' =H'/log,S (2)
N-1
~log, N (3
n; .
v="y, (4)

APy S BB R S R T
{H; N FORFER AR EEG v 95 @ BRI
AAREG S IRE S Th R RO RS SR S iz
Ml B

K SPSS 20. 0 FPFor A M Z PSR 2K
LI T A, {1 Canoco S B F40#r
KA 2 70 A7 55 3R BE R 5 Z A1 AR S, 24
4 A B K BE (lengths of gradient) e R fH K

F 3 B % A M B X% R 4> ( canonical
correspondence analysis, CCA) , 24 4 %l HB
KR AME/NT 3 B R FHICA 5T ( Redundancy
analysis, RDA) , HUR KR R £ B 5 B Origin7 Hf
el e AFRFEAL AR R 2R FE A
W Z FEPETR BRI R T surfer 12.0 231

2 4k

2.1 YA RAT T

A S ER IR L 2EIE 8 Bl 17 J& 26
Fire Mo BI7K & FH( Cyclopidae) R £, 4t 13
i o SRR 50% 5 H U 3 B ( Daphniidae ) 3t 4
M, AR 15, 38% 5 G bR iR AL 3 B, o5 B R
11 54% s Ak i LG 2 Ff, L B AT 69%
FORBRIIERE S IR Ik 8B 8 F K
RS 1R, A5 5 AR R 3. 85% o JRAFPREK
TR R R FK T (18 Bl K222 9 Fif,
B2k o Bl > (17 MBS 1L Bl Biff 26
6 Blt) > K (9 Bl bRAEIES B BifMIE4 Bl R
AR LR 4
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Tab.4 The species of Cladocera and Copepods in Baiyangdian Lake

ok e Z=7Y5 Seasons %i?fﬁ
Species Abbreviation ﬁﬂé H F Identlf{catmn
Spring Summer Autumn techniques
fifil J£ V. 24X Phyllopoda
£ H Cladocera
A IR £ 7% Bosmina coregoni Boc + Tr
KEiL &% B. longirostris Bol + Tr
VI B, deitersi Bdr + Tr
AR T% Daphnia pulex Dpl + DNA
B D. hyalina Dhl + + + Ty
Bagv% D. cucullata Decs + DNA
WS 7% )& Ceriodaphnia sp. Ces + Tr
K F5 R 7% Diaphanosoma leuchtenbergianum DIf + + Tr
B FHIRRE D, brachyurum Dib + Tr
T RIRRAE 7% Moina micrura Mmk + DNA
i 7% )& Alonella sp. Als + DNA
1 R W44 Copepoda Tr
7K % H Cyclopoida Ty
G B8 K % Eucyclops macruroides denticulatus Emd + DNA
HEZe MOk & E. serrulatus Eus + Tr
BEERH K F& Acanthocyclops viridis Acv + Tr
TR Sk & A, bicuspidatus Ach + Tr
ZERNHR BN /K F Thermocyclops kawamurai Thk + Tr
EWRERGIKZE T. hvalinus Thh + Tr
BEIEHEBIKFE T. taihokuensis Tht + Tr
YL B B|K %K Cyclops strenuous Cys + Tr
JEABEN K& C. vicinus Cyv + + DNA
¥ ~7 /NBIIK F& Microcyclops varicans Miv + DNA
R M. albidus Maa N T
I A eIk E M. leuckarti Mel + DNA
Wit s8I 7K & Ectocyclops phaleratus Ecp + + + Ty
7k & H Calanoida Ty
e K Sinocalanus dorrii Sid + + Tr
J#7Kk % H Harpacticoida Tr
1A UK & Onychocamptus mohammed Onm + Ty

T+ NI BE RS H 2 BRI L5007 % TSRy Tr, DNA KBRS )7 i S ARiC  DNA,

Notes: “ +” is the species that appeared in spring, summer or autumn. Identification by traditional methods was marked with Tr,and identification
by DNA barcoding was marked with DNA.

M35 MR AR RERC MR LA IS 50 0. 448 F10. 151 Rk FALH b, i
TRFHMIG NS Fo FEFRRFAME, FG R BHRSIKE o &K 2 M8 21K & & 32
P2 GBI S K 2 M AR R SR 3 o5 RS, B D 0.305,0. 223 F1 0. 105, i
DUHEE S350 2 0.228 0. 195 A1 0. 1195 AARH NG5 & Wl 81K & I ifi S 81K & 7E 3 A
Frp B SK E MG AR & i BEAH,  FWRRIILEM BRI 257

http: //www. shhydxxb. com
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Tab.5 Dominant species of Cladocera and Copepods in Baiyangdian Lake

## 7 Spring H 7 Summer FkZ= Autumn
GEN FEL R iR L FARE/1E: S e+ 3 FRELL FAVE:/E: S e ) 3
Species Percentage of Occurrence Dominance/  Percentage of ~Occurrence Dominance/  Percentage of Occurrence Dominance/
abundance/%  rate/% % abundance/%  rate/% % abundance/%  rate/% %
ﬁ%‘%%& . 28.5 80.0 22.8 5.6 36.7 0. 021 6.8 76.7 5.2
Bosmina coregoni
g %
KRS 1.7 60.0 7.0 - - - - - -
B. longirostris
2 e A
kﬁir’w{% . - - - 13.9 60.0 0. 083 4.6 46.7 2.1
Diaphanosoma leuchtenbergianum
ey 1| = 5] ¥
SERLESK , 14.3 80.0 1.5 - - - - - -
Thermocyclops kawamurai
RSk %
B 1»1]7](:& 27.8 70.0 19.5 46.3 96.7 0. 448 32.7 93.3 30.5
T. hvalinus
TR EIK F
LRk E - - - 16.8 90.0 0. 151 15.0 70.0 10.5
Cyclops vicinus
A K
Walas 1K dt 4.8 46.7 2.24 10.2 73.3 0.075 27.9 80.0 22.3

Ectocyclops phaleratus

2.2 HAENMREREENZTHMEFE

FHERT 2% BB TR L A T=75 40 A1 )
AL ILIE 2, B A SRR 2R T FEAR AR b
94.3 ~111.6 ind/L, KM A HZE > kT > FZF,
AESEEFIME N 99. 14 ind/L, B ZE RIS 2
KT A K H A A= 5 GK & B XS 2 B2 1)
THERIE YN 45% UL &, B 2 e i, STRRR N
68.24% , i FLALH

[ 5 i

k% A} Sididae

D &7k %#} Cyclopidae
D) T 5k Nauplius

60

FF Abundance/ (ind/L)

#= H=E *Z=
Spring Summer  Autumn

B2 BFERIFNTRALMBEXEM
Fig.2 Composition of Cladocera and Copepods

in various seasons in Baiyangdian Lake

P T8 A [7] 2 1R A JE M A 28 = T IX Ik
PEOP AU 3o B AbE A 5= 2 8 R B
DR DX = 22y PR 0 AL, — 2 DA R 3E o o
LTI S R B DX R, o — i L K FE o e
TR B DX 35 A A S e R R B R
(14 X 3 T B A T A DL AR 38 ARG L 1Y
P R DX A A IS R JE Rk = B AR ) IX
FRARPEDIZTE TR 1 2 e O R R
F DX AR B R RIS A A PR TE R
DR AL B, R B BRI
2.3 HAXMRERSHEMEEH(EMZHNE.,
FEEMHE)HE S M

6 R KFEYMZ R RFE, KN
G5 R GYERB R AR RS, Rk
75 B F 1 5] B4R B A5 3 8 B 45 X000 e 2L
G, R, Rl BB
RIS TR 3 .
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Fig.3 Horizontal distribution and abundance of Cladocera and Copepods in Baiyangdian Lake

x6 AFEEFIHRAXNREXREMSHMEEY

Tab. 6 Diversity index of Cladocera and Copepods for each season in Baiyangdian Lake

Z=T ZREVETE S Diversity index

Season H J D
#2 Spring 1.785 0.762 1.187
H Z= Summer 1.721 0.757 1.234
FkZ= Autumn 1.872 0.734 1.837

ARG A R 224 2 R L A W) ZAE R 4
Wzl 4. N 4 Al E TR IR 2
R AP R X AR P T AL R
U 4 A RAEAL R LA SRR A £ 528 R e el
H Y IX I R 2 R AR R TR E 4 A4
RAEAO R PP R 78 X0l s Bk 2 A op T A
BT AE EE 8 O AR R L . SRR A
ANBR AL R A ) 22 R 4 B s [ A2 A 2R B
N R R DX OR BB X 3
24 RAXRNMREXBETEEUSRERTF

A IIIA]  SRAE X I 229KR h (21. 49 +
5.32) C KRN 14.5 C(FF, BER
2) Bkl 31,6 °C (- Z MfhEE) . pH A2
N8 ~9,3 NFWHEFHIEZES. B2 DO Al
BEWIREAE 3 AFA R R B B % 25 5, F Il
1 DO (5 R FMKFRA B EEZSR (P <
0.05) , EW W R WK FEH R FEMERRA
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A A R R 2 2 S B2 | Shannon-
Wiener #Jff ZAEVESR A Y 21 5 20 F | K 4
WS PTEIN 22 A IREEHEAR A E T L2 7
MR T R ARG LR i B
R (P <0.05) (4R ARA Zn Ktk (T) A7k
(Ph) \Pb, AR 2E A5 (P <0.01) ByE4RA Cd|
As FRALHI (S) s EZR IS I A B i
FHTEM (P <0.05) By HRA BLALY) (S) FE
(TP) 5 Bk Zo A 1 2 ARG A2 28 70 A L 35 1R A 56
(P <0.05) [ydatnA DO As GEWARE (Cd Hg, 4F
P FESE R 2RI R RS PR AR Sy
Prp, Bl B 510G (P <0.01) F35454 Pb . Zn,
HFMRK(P <0.05) (1A S, BIKE, &
IR INEE X B MR AL 2800 A AT B 4
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Fig.4 Horizontal distribution of biodiversity of Cladocera and Copepods in Baiyangdian Lake
R BFEEEAENMKELFE SHEGEHSHRHEXNE
Tab.7 Correlation between environmental factors with diversity index and
abundance of Cladocera and Copepods in Baiyangdian Lake
ek %72 Spring K2 Summer 2 Autumn
Index  Abundance H J D Abundance H J D Abundance H J D
T 0.075 -0.405" -0.280  0.083 0.006 -0.125 -0.258 0.012 0.184 0.124 0.145 0.194
T™D 0.116 0.026 -0.284  0.135 -0.209 -0.185 0 -0.222 -0.115 -0.206 -0.401* -0.101
TP -0.125 -0.319 -0.04 -0.129 0.333 0.222 -0.11 0.363* -0.047 -0.031 0.022 -0.059
S 0.012 0.292 0.484" * 0.002 -0.036 -0.337  -0.416" -0.036 -0.073 0.234 0.206 -0.068
Ph -0.043 0.374* 0.272 -0.042 0.192 -0.085 -0.242 0. 186 -0.17 -0.314 -0.228 -0.175
DO -0.117 -0.142 0.056 -0.124 0.189 -0.11 -0.15 0.1% 0.426* 0.304 0.019 0.441"
As -0.162 -0.481"* -0.229 -0.160 0.088 -0.175 -0.11 0.001 -0.107 -0.364" -0.231 -0.108
Cd 0.024 0.093 0.201  0.027 0.295 -0.261 0.019  0.269 0.068 -0.246 -0.367* 0.070
Hg -0.073 0.066 0.268 -0.064 0.316 -0.035 -0.002 0.294 0.124 -0.221 -0.381" 0.133
/n -0.362" -0.29% -0.221 -0.345 -0.216 -0.068 0.072 -0.233 0.124 0.150 0.065 0.130
Pb 0.042 0.416 " 0.224  0.059 -0.123 -0.252 0.061 -0.145 0.086 -0.153 -0.32 0.112
e . 7E0.05 AP CBUN) EREHE; = «. 7 0.01 KF-(XU) ERFMK.
Notes; # . Significant correlation at 0.05 level (bilateral) ; s . Significant correlation at 0.01 level (bilateral ).
*R8 BFERAENRELREFHFE. . SHEERHSIHEEXNE
Tab.8 Environmental correlation between of Cladocera and Copepods
annual abundance and diversity index in Baiyangdian Lake
Eh7 Index S Zn Pb
Abundance -0.199 -0.267 -0.185
H’ -0.423* -0.469"* -0.472%*
J -0.161 -0.293 -0.216
D -0.295 -0.443" -0.331

HEe o AE0.05 (B ERFERSE; = = F£0.01 KF R EREFEMRK

Significant correlation at 0.01 level (bilateral).

Notes; .

Significant correlation at 0.05 level (bilateral) ; s .

http:
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Fig.5 Double sequencing diagram of environmental factors and community

structure of Cladocera and Copepods in Baiyangdian Lake
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Fig.6 Double sequencing diagram of
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3.1 BAEMEERBEEAMSREH

2019 4F 3 YIEA LA E S BHT R 11 Fhkt
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Evaluation and monitoring of the water environment based on the diversity
of Cladocera and Copepods in Baiyangdian Lake

SUN Xiaoqiong'**, CUI Tiefeng'*, LI Zizhu'*, WANG Hongwei'”, XIAO Guohua’
(1. College of Life Sciences, Hebei University, Baoding 071002, Hebei, China; 2. Institute of Life Science and Green
Development , Hebei University, Baoding 071002, Hebei, China; 3. Hebei Academy of Marine and Fishery Sciences, Hebei
Marine Fishery Ecological Environment Monitoring Station, Qinhuangdao 066000, Hebei, China)

Abstract; It is very important to monitor and protect the water environment and biological resources in
Baiyangdian Lake because of Xiong’ an New Area. In order to investigate the spatial and temporal variation
characteristics of the community structure of Cladocera and Copepods and their relationship with water
environmental factors in Baiyangdian Lake, canonical correlation analysis ( CCA) was used to analyze the
abundance, diversity index and aquatic environmental factors of Cladocera and Copepods in Baiyangdian
measured in May, August and October 2019. Based on the technology of DNA barcoding, 26 species of
Cladocera and Copepods were identified belonging to 8 families, 17 genera. The dominant species are
Bosmina coregoni, Thermocyclops hvalinus and Ectocyclops phaleratus throughout the year 2019. The spatial
and temporal characteristics of abundance and diversity index are different. The main expression is that the
variation of regional distribution is greater than the seasonal variation, and it is greater in the southern region
than in the northern region in space. Analysis of correlation between Cladocera and Copepods community
structure and water environment, the results showed that temperature, transparency, nutrients and other
environmental factors affected the growth, development, feeding and other activities of Cladocera and
Copepods as the main environmental factors affecting their abundance and community structure characteristics.
S, Pb and Zn are the key influencing factors, which have significant negative effects on Cladocera and
Copepods. Therefore, the long-term ecological environment monitoring and species research in Baiyangdian
Lake will provide reference for the implementation of water conservancy projects and construction of Xiong’ an
New Area.

Key words: Baiyangdian Lake; Cladocera; Copepods; community structure ; environment correlation analysis

http: //www. shhydxxb. com



