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Spatial and temporal variation of the plankton community and its relationship

with environmental factors in the city section of the Ba River
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Abstract; To evaluate the relationship between plankton community composition and environmental factors in a city section
of the Ba River, the samples were collected and analyzed every two months from September 2016 to July 2017. In the study,
7 phyla and 63 genera of phytoplankton were identified, with the most abundant species of Chlorophyta (34.9% ) , followed
by Bacillariophyta (30.2%). A total of 45 zooplankton species from 4 classes were identified, dominated by Rotifera
(48.9%) and Protozoa (24.4%). The abundances of phytoplankton and zooplankton were 0.73 x10* to 98.5 x10* ind/L
and 20 to 1084 ind/L, respectively. The spatial and temporal distribution of abundances of both phytoplankton and
zooplankton showed a decreasing trends from the downstream to the upstream, with the peaks in summer. The water quality
was comprehensively evaluated using plankton abundance, Shannon diversity index, Margalef abundance index, and
physicochemical indexes including transparency, dissolved oxygen, total phosphorus, total nitrogen, permanganate index,

and heavy metal content. The results showed that the city section of the Ba River was moderately polluted and that the
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aquatic plants in the river bed of the upstream landscape river have the ability to remove the pollutants. Canonical
correspondence analysis indicated that water temperature, total nitrogen, pH, dissolved oxygen, and mercury are the key
factors in phytoplankton community distribution, and that water temperature , total nitrogen, total phosphorus, chlorophyll-

a, and mercury are the key factors in zooplankton community distribution.

Key Words: plankton; community structure; spatial and temporal distribution; biodiversity; canonical correspondence

analysis
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Fig.1 Sampling sites in Xi’an city section of Ba river
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Table 1 Assessment standard of diversity indexes

ZFEPEFEEL Diversity index PEMARIE Evaluation standard

FA-HEANFEEL Shannon-Wiener index 0—1 FEV5Y 1—2 a-Hi5Y 2—3 B-FFi5Y >3 Rise sy

FE B EL Margalef index 0—1 H{5H  1—2a-Hi5H 23 B-Pinh >3 fisuliiisg
1.3.2 L

DEFPE R i e A e VR N A AR IR S AL TT b O 3 5 25 SeRAS BRI DN 5 J32 , AR AT P ol ) Y SR 3

AMAECE R E
Y=(n/N) X,

O fRIRE | TR ASRAE S BUBUR  n, 7R 5 @ RO I AER, VSRR RE A P SIS 2 Y>0.02 B E S
TR,
1.3.3 XS I BT (CCA)

CCA REfEH YR EE AR 52 K - H (8105 23 7 A 45 &, B0 E0UL I S e 1 40 b R A 555 PR - [i] 1) G
R ARICR A Canoco for Windows 4. 5 BEXHFIFAE YRR NF 4T CCA 4347 REOLSAFIE o HE P9
TS0 S AT HKe 0 b A5 HlE AN PR B B A T B 4
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29.03°C ,SD 4 0.32—0.73 m, Chl-a &% 7@ 14.84—41.33 mg/L, M3 EZ (M FKIREE FbrmE) ' %k ik
A F AT IR AT A, A24F DO | As %u Ph S HEIE T [ 28K Cd SR 2016 4E 9 AJE T 3K, Hft R
#Eﬂ‘l‘ﬁmi’a}%? I 26K Hg & %ﬁﬂ‘rﬂc«alﬁiﬁcﬁ A T—1IL 28K Fidr e, H A 2016 4F 9 H % 2017 4F 7
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Table 2 The time distribution of chemical and physical factors

?jﬁiimal variablos fﬁ 2016.09 2016.11 2017.01 2017.03 2017.05 2017.07
WT 7Kk C 24.93£0.18 12.98+0.59 6.01£0.62 11.11£0.52  24.09+0.49  29.03+0.59
pH — 8.35+0.52 8.02+0.17 8.09:0.36 8.10+0.42 8.51x0.38 8.85+0.48
SD W m 0.55+0.25 0.32+0.10 0.68+0.12 0.54+0.10 0.730.19 0.44:0.24
S HL &R s/m 0.059+0.019  0.045+0.016  0.077£0.021  0.058+0.017  0.051+0.018  0.052+0.013
DO A mg/L 8.9423.03 8.85:1.20  10.104.04 9.58+2.87 10.25+1.87 12.08+3.33
CODy, FIE MR IR %K me/L 8.07+2.79 4.47+0.95 6.2+1.99 6.83+3.31 6.74%1.55 8.03+3.72
TN A mg/L 5.74=1.11 11.23+1.70 8.10x1.38 8.33£3.10  15.15£4.15 17.33+2.48
TP S me/L 0.17+0.13 0.14+0.08 0.25+0.18 0.25+0.30 0.130.11 0.24+0.18
Chl-a MH4E% a mg/L 41.33£22.00  16.71£5.69  14.84%7.53 17.68+4.29  25.56x9.71  39.50+19.32
As fif pe/LL 6.42+4.75 3.82+2.69  14.72+14.22 9.72+10.93  5.57+4.19 5.67+3.48
Pb 4% pe/L 5.48+2.52 3.670.77 1.76+0.69 3.070.98 2.57+1.11 0.91+0.41
Hg R pe/L 0.05+0.03 0.07+0.02 0.15+0.02 0.28+0.09 0.410.22 1.38+0.25
Cd 4% pe/L 2.3621.99 0.16+0.03 0.06+0.02 0.140.11 0.07+0.03 0.100.05

WT. 7K i, Water temperature; SD; i B J& | Transparency; S: HL % 3, Conductivity; DO ¥ fift 4, Dissolved oxygen; COD,,, : = % iR 5 48 %4,
Permanganate index ;TN : JA, Total nitrogen; TP S Total phosphorus ; Chl-a SR a , Chlorophyll a;As: Al Arsenic; Pb: 4%, Lead ; Hg: 7] K K , Mercury ;
Cd: %% , Cadmium

x3 KFEBUEFHZEESH
Table 3 The spatial distribution of chemical and physical factors
SLRFERLL  S2ORFERI2  S3RMERI3  S4 RHEM4 S5 RHEAS S6 b6 ST RHEA7 S8 SRHE R 8

iﬁrim ainbles ﬁf Sampling  Sampling  Sampling  Sampling  Sampling  Sanmpling  Sampling Samplin
sites 1 sites 2 sites 3 sites 4 sites 5 sites 6 sites 7 sites 8

WT il C 17824937 17.689.67 18.10:9.49  17.80£9.00  18.10+8.77  18.43£9.20  18.17+8.86 18.08+9.17
pH — 8512027  8.49+025  8.63:031  8.52:0.42  8.55:0.64  7.85:0.17  7.95:0.42 8.06+0.54
SD m 045:0.17  0.54+0.15  0.81:027  0.65:0.24  042:0.14 037027  0.530.13 0.580.17
S R o/m 0.043£0.006 0.0410.007 0.038£0.009 0.049+0.017 0.071:0.018 0.0760.014 0.069+0.014  0.068+0.017
DO iR mg/L 11.60£1.55  1032+1.72  10.83:1.73  1230+3.36  11.93=1.71  4.280.08  4.28+0.08 4.28:+0.08
CODy,, B FERRERHE B mg/L 428:008 477175 4245100 687192  8.52:2.07  10.16+3.51  7.42+1.57 7.532.00
N S84 mg/L 8.58+4.14  931+3.78  8.98:391  0.30:3.87  11.84£545  14.10s5.51  13.10+5.28 12.63£5.11
TP T mg/L 0.09:0.00  0.060.03  0.04:0.03  0.09:0.08  0.28:0.08  0.41:021  031x0.16 0.28+0.16
Chl-a M4t a mg/L 1779574 23.35:12.03  17.49+5.83  34.94x2027 32.68+21.51 33.35:29.43 23.02¢10.81  24.83x11.31
As b pe/L 1815079 1798065  1.69+0.68  4.26:3.56  7.75:7.24  17.66:12.22  13.16+7.06 13.10+7.93
Ph 4t pe/l 288162 249:128  2.08+1.14  3.23:250  3.97+3.01  2.65:175  2.89+1.82 3.002.07
Hg # pe/L 0445053 037:042 033042 036:052  0.45:0.71  0.40:058  0.36+0.44 0.400.50
Cd 4 pe/L 046077 0.19:024  028+0.33  0.50:1.04  1.24+2.84  040:0.71  0.38+0.72 0.400.75
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Fig.2 The time distribution of the percentage of phytoplankton Fig.3 The time distribution of the percentage of zooplankton

abundance abundance
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Fig.4 The spatial distribution of plankton abundance B 5 EREyEEnriEst

Fig.5 The time distribution of plankton abundance
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YRR %, 2016 4F 11 Y S5 15 Y fi . 45 KA 4. Shannon-Wiener ZFEMEFEEA/NHEF J S5>S1>83>84>
S2>S7>58>S6 , Margalef #fh - & & 458 B /INEF  S7>85>83>S1>84>S2 =S6>S8; A [ K AL I 6] Shannon-
Wiener ZAEMEFEEOA/ MR A 2017 4 7 A>2017 45 5 A>2016 4£ 9 A >2017 45 1 H>2017 4£ 3 H>2016 4F
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Table 4 Spatial and temporal distribution of diversity of phytoplankton

SRR 2016.09 2016.11 2017.01 2017.03 2017.05 2017.07 V-2 Average
Sample
site H D H D H D H D H D H D H D
s1 3.25 152 3.82 159  3.31 115 3.59 140 3.35 136 3.10 1.57  3.40 1.43
2 3.42 170 4.10 178 3.42 .19 3.60 137  3.36 124 3.38 142 3.55 1.45
s3 2.67 1.56  3.90 1.71 3.58 1.09  3.30 143 345 136 322 125  3.35 1.40
S4 3.67 1.86  3.90 1.66  3.16 139 3.33 1.31 3.02 137 3.18 137 3.38 1.49
S5 2.35 157 3.30 153 298 1.14  3.43 125  2.88 126 2.87 158 297 1.39
S6 2.14 1.26  2.83 112 293 098  2.55 142 2.86 .10 2.39 143 2.62 1.22
s7 2.83 1.86  3.37 1.67  3.28 120 2.68 112 292 117 2.80 138 2.98 1.40
S8 2.65 1.63  3.44 143 295 1.04  3.00 155 3.13 132 297 126 3.02 1.37
P
2.87 1.62  3.58 1.56  3.20 115 3.19 136 3.12 127 2.99 1.41
Average
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Table 5 Spatial and temporal distribution of diversity of zooplankton

R 2016.09 2016.11 2017.01 2017.03 2017.05 2017.07 S Average

Sample
site H D H D H D H D H D H D H D
S1 3.25 1.67 2.29 0.87 2.40 0.97 2.35 1.16 2.63 1.20 2.85 1.64 2.63 1.25
2 2.42 1.39 246 090 252 1.23 2.12 0.93 2.76 1.33 3.01 1.53 2.55 1.22
S3 2.99 1.73 224 093 2.17 1.05 2.06 0.98 2.70 1.24 3.23 1.62 2.57 1.26
S4 2.56 1.20 2.05 0.93 2.38 0.98 3.14 1.53 2.30 1.15 2.96 1.60 2.56 1.23
S5 2.87 1.46 2.03 0.70  2.95 1.48 2.29 1.08 2.74 1.33 3.05 1.61 2.66 1.28
S6 2.19 1.39 1.73 0.75 2.22 1.27 2.20 1.02 2.77 1.38 2.35 1.50 2.24 1.22
S7 2.50 1.65 2.00  0.71 3.05 1.51 1.91 1.02 2.99 1.35 2.33 1.49 2.46 1.29
S8 2.65 1.61 2,14 076 3.10 1.43 1.08 0.71 2.61 0.94 2.62 1.28 2.37 1.12

Average 2.68 1.51 212 0.82 2.60 1.24 2.14 1.05 2.69 1.24 2.80 1.53

2.4 THIFEY) SIS TR CCA 20 Hr

XoF i AT T BT A O A RS R TR 4T CCA HEFF 28T, T CCA 43w B 773 A= 0 o i S AR A
W3R 6, R T MIFIEAEY CCA SHrIGEIHE S, o rb PR A i w4~ HE 5 5l A R R (B 43 31 o 0.616 ,0.316, %)
FhERBEHISC 228000510 0.967 ,0.981 , LA e T 77.7% B9 My Fh — 38 55 A8 53 RALG ; 77055 3h 90wy 1 HE 5 il 110 A
FEAE S350 0.495 .0.354 , MR EREE A G R 500001 0.941 ,0.924 3L B T 68.7% i H) Fh — R85 75 S 2R L
T DA A R Ui S0 A HE I il e i 7l S A PR A DG R A A vy, BT 3 T BV A My R R BB
HFZHXRER,

F 6 FHFEME CCAHFETNMMERS
Table 6 Species and their codes of plankton for CCA
TR ERes YFh Pz L7
Plankton Code Species Code Species
TR spl iR Oscillatoria spl9 FaB)E Cryptomonas
sp2 THAREPE Microcystis sp20 HHEEE Synura
sp3 B 2238 Lyngbya sp21 RS Gymnodinium
sp4d W22 & Aphanizomenon sp22 HH R Glenodinium
spS Tt & Pseudanabaena sp23 HHR Euglena
sp6 HEREE Arthrospira sp24 YRR Trachelomonas
sp7 HHFE)E Synedra sp25 JPREEE Phacus
sp8 HHE BT Melosira sp26 VU Ff1 35 Tetrastrum
sp9 WeHT5 8 Fragilaria sp27 SLHE Cosmarium
Phytoplankton spl0 SIS Gomphonema sp28 W& Scenedesmus
spll INER BRI Cyclotella sp29 FEBE Pediastrum
spl2 ZIE MR Nitzschia sp30 ZSEREEJE Eudorina
spl3 FIEEEE Navicula sp31 K#JE Chlamydomonas
spld YIE R Cocconeis sp32 INEREEJE Chlorella
spl5 WL BEE Cymatopleura sp33 A F 88 Selenastrum
spl6 WUBE S8 Diploneis sp34 B A BEJE Closterium
spl7 WA 3R Cymbella sp35 HCHE Westella
spl8 WEBRHUE Chroomonas
teiissikY] spl IBIY o 48 1 Keratella cochlearis spl6 TR RS I Brachionus budapestiensis
sp2 AR B F8 I Brachionus urceus spl7 FFAEIA FE L Tintinnopsis sinensis
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R 4% 4%
Plankton Code Species Code Species
sp3 PR 58 . Brachionus calyciflorus spl8 HAP5E IR Difflugia urceolata
sp4 R RF I Brachionus caudatus spl9 AL Difflugia mammillaris
spS VAR IR Asplanchna sp20 TLIRAUAL 72 L Tintinnopsis kiangsuensis
sp6 158 R4S B Brachionus angularis sp21 b d1JE Vorticella
sp7 it R £ B 48 L Keratella valga sp22 T BEALH Epistylis urceolata
Zooplankton sp8 ZL LR RS 8 Brachionus diversicornis $p23 W FE IR Difflugia limnetica
sp9 B IR B Filinia maior sp24 MR T Arcella gibbosa
spl0 R 2 e B Polyarthra trigla sp25 fA I &i% Bosmina coregoni
spll SRR R4S R Brachionus falcatus $p26 K4 £23% Bosmina longirostris
spl2 FEIE AP S B Keratella quadrata sp27 WERSYE Daphnia psittacea
spl3 kA H 48 L Ploesoma truncatum sp28 Z JIBIE % Monia macrocopa
spl4 BYIERY BB Fe B Brachionus forficula sp29 K J1 75 1R3% Diaphanosoma leuchtenbergianum
spl5 £F 15 5 R A H Trichocerca tenuior sp30 J A GIIKF Mesocyclops leuckarti

7 : CCA ; LT XF W 4347, Canonical correspondence analysis

F7 FHEMEE CCASHHEITHER
Table 7 Summary statistics for the axes of CCA performed on plankton

451115 B, Statistical information TEIFAEY) Phytoplankton TFIFEIY) Zoonplankton

i Axes 1 2 1 2
LM Eigenvalues 0.616 0.316 0.495 0.354
) P A 5% AH 56

VRS A 0.967 0.981 0.941 0.924

Species-environment correlations

Y- AR R B E AL
Cumulative percentage variance of species- 30.9 46.8 25.3 43.4
environment relation

F % 8 T, CCA H b HERF (SPEC AX1 SPEC AX2) [ij 4™l =22 8] A4 A1 56 28 5077 i AEL 4900 AN 7735 sh 4 43
3125 -0.013,0.003, REEHEF (ENVI AX1 ENVI AX2) FAHSC R0 0, R B CCA HEF B REMS R AT 1) F )
P ERBE ] B 2R, HE P 45 R LS al 52 20 AR TR U 5 R85 IR 7 B A DG 4 A, 95 T 38k Tl B PR A 4
Y5 AR fE £ 232 TN ,COD,, \WT .pH DO SD Hg .Pb STy, Her, COD,, \WT ¥ 54— G AH5¢, 4
KEZB 5 H-0.607 ,-0.797,SD Hih— 2 IEAHC  AHCRECH 0.574; TN pH DO Hg 55l — 2 IFAHC, AHC
FE1 14 0.726 ,0.708 ,0.705 ,0.850 , Ph S — 2 HAHIC, M IE R BN -0.609, ARHEEE s ) 5 PR K 1Y
AHOCAE AT HT , X T 30k 113 B T Ui sl R 05 A8 A 2 i R () 3155 728 Chla (TN TP .COD,,, \WT pH .S Hg,
1, Chla,COD,, \WT pH Hg 5%l—¥J 2 G AH G, 1O R B0 4 -0.658 . -0.529 . -0.860 ,-0.516 ,—0.634;
TN TP S S5 — 5 5AHC, A R Er 38 -0.622 . -0.579 . -0.501

6 RN 7 il E ) S REE 1 CCA HEF B, PrRh e HE 7 1B i 46 12 i Ab R 5% R R 25 S i)
GESRIP L 6 TN, TRIERL I A RS S AR o0 A 2 S R A 0, 5 SD RIEARSE, 5 WT COD,, %
EHRAC BRR MR B 4 S WT Hg TN .pH . DO B A EAHEE thta iR SR RE% S
COD,, LA K HE 4 )& Pb ¥R IEAE, 5 SD DO RHAE, K 7 v, 48 JUETEHE Y B v % 434 He A5 10, HoARTR]
o 2T A58 PR 7 (4038 P A7 7R B I 25 5 5 T 00 e R LA B OGR A JR AR 3 5 SD As SR IEAHSE, 5 WT  Chla %5
SRR B MR FL b e AU RINE A S AR Cd F P IEARDCHEE S 47 15 5
Bl ZRIMIER ) b Sk E S WT Chla 2 1EAHIG 5 As RO MBS R A R4t 5%
5 CoD,,, TN TP .S DI Jz Hg B2IEAIE, 5 SD A%,
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Table 8 Correlation coefficients of environmental factors with the first two axes of CCA

R8T TS Phytoplankton TR SN Zoonplankton

Environmental HEF 5l Axes HEJP Al Axes

variables SPEC AXI ~ SPEC AX2  ENVIAXI  ENVIAX2  SPEC AXI  SPEC AX2  ENVI AX1 ENVI AX2
SPEC AX1 1 1

SPEC AX2 -0.013 1 0.003 1

ENVI AX1 0.967 0 1 0.941 0 1

ENVI AX2 0 0.981 0 1 0 0.924 0 1
Chl-a -0.658 -0.026 -0.699 -0.028
TN -0.123 0.726 -0.127 0.740 -0.461 -0.622 -0.490 -0.674
TP -0.353 -0.040 -0.365 -0.041 -0.044 -0.579 -0.047 -0.627
CODy, -0.607 -0.183 -0.628 -0.186 -0.529 -0.379 -0.563 -0.411
WT -0.797 0.385 -0.824 0.392 -0.860 0.050 -0.914 0.054
pH -0.074 0.708 -0.076 0.722 -0.516 -0.002 -0.548 -0.003
DO -0.020 0.705 -0.020 0.719 -0.418 -0.040 -0.444 -0.044
SD 0.574 0.173 0.594 0.176 0.404 0.368 0.429 0.399
S -0.372 -0.496 -0.385 -0.506 0.110 -0.501 0.117 -0.542
As -0.093 -0.429 -0.096 -0.437 0.338 -0.406 0.359 -0.439
Cd -0.285 -0.286 -0.295 -0.292 -0.150 0.477 -0.159 0.516
Hg -0.166 0.850 -0.172 0.866 -0.634 -0.498 -0.674 -0.539
Pb -0.219 -0.609 -0.226 -0.620 0.182 0.445 0.194 0.481

SPEC AX1. %)% 1, Species axis 1;SPEC AX2: Yy Fhtl 2, Species axis 2; ENVI AX1: I E5%H 1, Environment axis 1; ENVI AX2. FR il 2,

Environment axis 2

3 e

3.1 PRIFEYIIE R A S o AR

A 1] i TS T B T AR A P S A TR B DA R T O T, Lo SRk R e A o o
DUH, A PR R M o FE R PR T | 3 SR I T 45 IR — I, 7RI SRR 5 v A 30 2 e 1o LA TR R 119 7K
P A TR SRR 22 Ve K M R 22 Rl s R R AL A AF LR O & O AR 3,
LRI ~F B 22 4 M) 3 517 2232 15 Yedn i v V7 5 Sl 400 O RE VR RRAEAR AL 27 PR e AL T 1
Bl BE (2 AR IR — B0 30T R S IR AR R I S R B R A T RS KR
PRUEA W BE R SRR 252 B TRl I A S P R AR 1 R A ST 4 B R YR AL R T U
YR SR BE T2 DL FEWTSE TP IR AR R S ) 2 0 = 1 AR A W 2, PR AR )
TR 2 )AL R W e AR - R R A T L U T AR A R S 4 S B A A s R0 B
£ S6 .7 RHFERT . TRWFAY) R 2K TR A LT B SR ER A RZ IR, S6 Ak {5 7K AR BT Y H K Al e b K 4 L
JiCEFRER S R WL TR B KRB, ST SRR A LT B SR ER A AR B S R L TR
IR R BAE PSR REOR N BAE A PS8 IR ER B R R S6 SRAE AL UL PR I A= ) AU A AL
[t CE IR ER IR 38 32 K PR EREE AR R R 52
3.2 KB

TR A IR 4 H 2 AR RE O OK AR B HE AR A5 2 RE A — o L S oK A K B B . T30
FEIESTE TR R T i o Fo 0, b SR K AR 3 o 0 o R AR PR U L e |l o A AR
FEIF I R L e N T AR LIRS 3, BB T BOKARAL T e B R AR . PRI
DUHHE P B ol B | Db £ Jl ot Jo R s 25 2 D R 75 I8 RIS 7 0 s W 4 LA SR SR8 2, HLfE
HPLFR HrHR 23 it i R RS dUm A e H A U R W T BUK A Z 3 T — R G g, th B
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Fig.6 CCA biplot of phytoplankton species and environmental variables

A P10 W 5 SRR R o A B T TSR T BOK BR DL 25, AR E SRR S R e R B IR T Bk T 7
F—E R RIGY, ARIEZREETR BTN FRAEXT K BCR O T 256 VR o1 0, 85 1] 36k i BEK AR & T s
PV K AL BT H K T B S e de oM P
ST XA 8 A ReAE v S1 5 S2 Z 8] BT IE A K X, B A B4 AR R KA K AR, i TR A4
PR, S2 SRAE A5 S1RMESA L, KR T 4 & & R I, {2 CODy, AT TN [ ¥R BE A /&7, X AT g T
S2 KA T AR L, £ N TTUK B A K I A 3—4 m’ /s, T 7E KW 400—800 m’ /s, LA AY /K It i
T TRV 5 35 LR KRS T T W 5sc e, 107 S3 SRAR sS AL A A T, 15 e vk B 591K T
ST SRAF i HA% B B B B 5, it —25 3 B /K AR R 35 el i K R B — @ B B AE . 70 76 BRI KGE
PATF 1 km A5 380, HAb KW 1—2 m®/s, T 3K 50—200 m? /s, kA 25050 5 30 =3 oy 22 B
T ARG V5 KR Tk R K B R s HEA T B K B 25, AR 5T, S5 SRATE 5, T 730] 5 385 Yol 8T A 1) T Ui
S5 SR AT YA BE RN IE AE W) ERE R T S4 RAE A, VA AR A Y ZREVERE B T S4 RBE S 1
ATRE SRR A A A T —Sey5 55 i S5 JFE i Ge s Z SR ir YA B g5 . P28 57K Ab
PR T TR, R K HE R A 25 7 vd  HEBOPRE I — 20 A 289K, S6 SR s A7 TG K AR BT Hi K
CTRT , FF s KA EE T R K A HEAR , S B Y Wi B RN it A2 0 = B s i, Vs Ak S RN 7 i A ) Z2 e 8 B
BAR, R IH AL AR AR Bi5 e s . AbF IR S7 A1 S8 SRAE & T /KR A ¥ RE 11, 15 YL Wy vk B AN i Ak
Y= BE BRI, 1 A S RNV T A W) 2 REMEFR B2 L T, SR K B IR L4 S6 SRAE A it
3.3 PRI IR AR DU REVE 0 AT 15 e
TR IR E S5 Z A I R LR A R, HAS AR AR PR35 R R X RE VR S5 M s i A7 e 22 5, 28k
LB WA TT W IR BRI BIT T 26 W | KR TR . COD,, FT TP 2 5% i 77 W A 4 20 A1 1 35 BE 3R 85 [ 1, NOS-N
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Fig.7 CCA biplot of zooplankton species and environmental variables

Ca HI TP S57RU750H 5 R %) 41 0 B8 25 BV S M S sk O P 2T F6 W 20012 [X TR I A R v 8 A i 3 BB 08
K724 NO;-N TN F1 TP, 152 W 15 e sh W i 9 A8 A i) £ ZE RS R+ NOS-N TN WT Fl DO, ZEAMFHT,
FRIFAEYI RIS 3 A 3285 WT TN \pH .DO 1 Hg A ¢, Horh KER 43 J& T IRk P A 288 10 o o8 5 TR S8 TE A G
T VA 7K TP A8 1 e s R s ) 15 T S RO 5 R 0 1 T B S i TR VA ) (0 R v 2 A 2 B W T
HH R BT S B R PR R L SR /NER SR D SR T T 2R R AR TS R S B R R A B
TP ERE DG RS R S AR DCAIF SR 2 SRR i e S P AR X PR TR B A 5 v 2 B, pHL 23 B I i
IR BEE S5H S A3 AT . FEABRSEH , WT TN TP Chla I Hg J& B0 15 B s BEVE /0 A i IR BE N 1, #F
G KRS WV sh P A AT BT RIS A R T DA R A P i R i T R A AR R R
FEE AR A7 7 A s RS DY R A RS B VR AR B KA AR AR A0 e B IR AN R TR A 2
PR e KT X SIS R R S WT 2 IEARSE B RhS WT B 6UR 9C iy 45 1
— 3, MR a fE— R 1 REAE I WLVR I Sh W PR W KO AR BIFSE T RG0S Chla 2 53
TEARDE , BERA TR W i w4 SRR S5 A M B Y KM R R R 1 T S 5 DR IR )
LRI CRY Chla & s TR ) | 18 100 ) 42 5 i V7 Ui sh ) 1) 2K A3 A CCA HEJP LR, TN TP &5
Chla Z [AIBFEAE— 8 I IEAHDCHE | 45 JEaE—BAESE T DL WA

AW & B T T B T U O A2 31— B B 5 G, T /KA T ) KO 8 TR G in R — AN £k
P& =T BIE AR AT — 26875 Yol SOl X5 YooK R A — @ B R AVER , 308 IR T K (R 16 52 15 22
PRALT BRI . BT A3 BT (CCA) R B BR 5 RS ) (K] - 41 , J5 4 Ja X V7 e A D A 0 0 A AR AE — 2 1Y
SR, L He XPRIEAE PIRE I S5 F 52 M R
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