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Canonical correspondence analysis of phytoplankton community and
environmental factors in Qinhuai River in autumn and winter

YAN Ying
( Department of Architectural Engineering, Jiangsu Open University , Nanjing 210019, China)

Abstract: The phytoplankton community in the internal and external Qinhuai River in Nanjing City was investigated
and analyzed in October 2012 and January 2013. A total of 37 species of phytoplankton belonging to four families
and 30 genera were identified. Blue-green algae-diatoms were dominant phytoplankton in the autumn, with an
average abundance and biomass of 221.5 x 10* cells/L and 4.41 mg/L, respectively. Diatoms were dominant
phytoplankton in the winter, with an average abundance and biomass of 153.4 x 10*cells/L and 6.58 mg/L,
respectively. Canonical correspondence analysis (CCA) showed that green algae had a high tolerance to water that
had high nitrogen and phosphorus nutrient concentrations and permanganate indices, and diatoms had a strong
ability to adapt to a changeable environment; the ratio of nitrogen to phosphorus had a significant impact on the
distributions of cyanobacteria, euglena, and part of the green algae; and water temperature and dissolved oxygen
were the main environmental factors influencing the distribution of the phytoplankton community in the Qinhuai
River in the autumn and winter, followed by nitrogen and phosphorus nutrient concentrations and electrical

conductivity.

Key words: phytoplankton community; environmental factors; canonical correspondence analysis; Qinhuai River
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Table 1 Sampling points and corresponding regional characteristics
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4 A= Y &I e v s se e
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FRAZET T 5T DI i AE )1 2 ~F B Table 2 Investigation list of phytoplankton in
WY 3 WioR, W2 3 ATAL PRI Qinhuai River in Nanjing City
YEEKER D & TR KEFRFE X mE E@e B || X se B Bl
F221.5 T3 cells/L, Hoip v I T i (3 1 P T et 18 R ++
FE) 41.5% ), RERE TR Z (5 M R WHET 2 EEE + (| HETT 19 REEE +
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(HBRFEEM9. 6% ) . AZETFIFEY) T3 5 5 HHEEIR e+ 20 FHWE o+
FHER 1534 7 cells/L, i1 1R BB R 6 f‘gfz * 2 JkME
T : RiE A s T A 4k o 7 * 23 ERWE o+
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T2 B R R AR N T AR o MEkTEE  + 25 WENE o+
REWREE) W5, TR (4. 41 mg/L) HUR T 10 BRI el 26 R+
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X . E,m%/__ A ij% TR 1 SR+ 28 HAWE o+
AR A PR ) AR G, 13 HgEE o+ 29 EHE o+
2.2 FREFKEHFE 14 TR 30 SREE o+
H4 RS WA RO M4 RBEA S e
N — ¥ = ‘i V‘ +
7K T W 45 51 Bk A Z A g AR rh , K ZRoK 17 SRR+
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i pH HAE 7 2245 U8 8l K AR AR Bt v 50 J7 cells/Le
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Table 3 Average phytoplankton abundance and average biomass in

A1618.93 ps/cm, Fk 2= A 394. 33 ps/cm; DO
XERKERA—-ENTE, X EYHEN

Qinhuai River in autumn and winter

S BB/ (T cells - L) R/ (mg - L)

7. 62 mg/ L, AKFIE 3. 09 mg/L; Al 15 bR r% W s wE PE
AR AR TR E AR T4 Z2 M0, TTRE S K W] 92.000 0.000 0.058 0.000
Ty L R E KB Z A X, RIE PRI 81.200  143.900 1.476 6.113

BT 27.100 3.200 2.711 0.157

GB3838—2002¢ HrAE A B A Ml oK IR
R ARAEY O T K TR E AT IE A, Ak
¥R TV 2R R L BRI

25 [6] | ORP 5 COND ZRIN H}— 7 i DX IR AL, BV Z8 IR X 35 ( ORP 1 COND $3{H 73514 132. 8 mV
F1430. 3 ps/em ) FAMEWETT X 3K (43314 120. 7 mV F1340. 3 ws/em) 9T, HATEARAS A3 LA AS A 4

x4 PERRRTFEUE

Table 4 Values of environmental factors in autumn

p(DO)/ T/ Tur/  p(NO3-N)/ p(NHi-H)/  p(TN)/  p(CODy,)/  p(TP)/  SAfbif)E HLGFR/

SRR 21.200 6.300 0.167 0.308

RFEsL pH (mg- L") < ntu (mg-L7") (mg-L"') (mg- LY (mg+ L") (mg- L)y HA/mV (ps-cem™)
15 7.49 3.98 21.5 40.30 2.394 2.164 4.644 2.582 0.242 122.0 382
25 7.47 2.33 21.7 34.50 2.700 2.267 5.073 2.504 0.222 123.0 387
35 7.46 2.39 21.9 29.60 2.839 3.190 6.084 2.775 0.281 124.0 392
45 7.44 1.26 22.2 14.10 1.644 1.344 3.156 4.392 0.192 125.0 371
5% 7.40 1.33 22.5 12.70 0.644 4.779 5.453 6.353 0.380 117.0 407
65 7.58 2.30 22.3 32.50 2.061 5.036 7.141 3.451 0. 440 121.0 457
7% 7.56 3.33 22.3 17.40 2.644 1.549 4.225 2.461 0.202 125.0 356
8 5 7.56 3.28 22.6  42.00 3.644 2.164 5.900 2.510 0.242 123.0 375
9% 8.94 8.10 24.4 13.60 1.144 0.267 1.434 4.078 0.061 109.0 292
10 5 8.20 5.82 21.9 14.40 0.839 0.369 1.330 2.353 0.053 127.0 279
1% 7.47 2.52 21.5 18.90 0.533 1.190 1.751 3.275 0.083 122.0 315
125 7.43 1.07 22.0 14.30 1.256 2.882 4.207 3.294 0.222 124.0 378
13 % 7.45 2.61 23.5 46.40 1.728 1.087 2.898 3.667 0.123 135.0 326
145 7.76 2.82 21.9 15.80 0.079 0.267 0.493 4.392 0.061 143.0 386
15 % 7.30 3.20 25.0 5.20 14.889 4.472 19.734 6.118 0.846 179.0 812
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x5 EZFMRERTFHEIE

Table 5 Values of environmental factors in winter

p(DOY/ T/ Tur/  p(NO3-N)/ p(NH{-H)/ p(TN)/ p(CODy.)/  p(TP)/  ‘GibikJE ML 5%/

R pH (mg-L')y < ntu (mg+-L") (mg-L"') (mg- L) (mg-L"') (mg- L) HA/mV (ps-cem™)
1% 6.20 9.40 5.3 19.20 5.407 5.069 10.679 2.032 1.014 157 630
25 6.40 5.65 5.4 17.70 5.130 5.267 10. 644 2.150 1.034 147 663
35 6.30 5.65 6.6 16.90 5.130 4.928 10.272 2.343 0.895 144 760
45 6.30 7.30 5.2 10.90 2.228 4.000 6.760 2.000 0.410 109 565
5% 7.83 7.83 6.3 19.20 1.951 7.194 9.214 6.027 1.212 112 520
65 5.40 3.78 6.3 25.00 4.420 6.695 11.307 3.245 1.341 136 759
7% 5.40 5.40 6.6 21.50 5.222 5.296 10.737 2.083 1.103 130 700
85 5.50 5.30 6.2 16.00 4.975 4.000 10.563 2.000 1.162 115 701
95 6.70 11.03 2.4 9.30 2.568 0.200 2.749 2.000 0.083 133 383
10 & 6.40 11.25 2.6 8.44 2.148 0.743 2.679 2.059 0.093 134 445
1% 6.20 11.10 4.9 6.40 2.228 6.681 9.214 3.250 0.261 110 399
125 9.71 6.23 5.5 9.30 1.765 5.218 7.063 3.702 0.984 126 664
13 % 6.40 7.03 6.5 46.40 2.846 4.596 7.586 3.427 0.945 133 592
14 % 6.40 9.85 5.0 7.68 0.531 0.763 1.307 4.083 0.103 134 560
15 % 7.69 7.48 7.3 24.50 21.426 7.142 28.642 6.071 2.489 143 943

AR HANYS], LA TN $845 R 6, #K 2R TN T & ik BE VS %6 CCA SN SRS E FaE
Fl 4 0. 49 ~19.73 mg/L, B g {2 A IR B A9 40. 3 4% VAT Table 6 Eigenvalues for CCA ordination axes and

ﬂi’ 1.31 ~28. 64 mg/L, %%{E%W{E&ﬁﬁg 21.9 1%, L’dl%% correlation between species and
BH T7J(Fﬁ: 25 [H] ﬁ*?ﬁxﬂj"}j iy flf#)ﬁ\ 5 environmental factors
2.3 MEFZFHFEYEESINEREF B ESEXT R 5T . » P
T o Ly | FEAF(E RHS RIS 5
KA IR IV 5 PR T 1) CCA HEJP 25 2R 0L 1 T “0 o2 i
H 6.7, HIF 6 UL, HT B A G R ) o 0013
0. 813, Al iR BRm {5 Bl 61. 7% , HoAH 56 2%k k-0. 026, 3 0.167 0.912
4 0. 146 0.791

U B A A HE T Sl 2 [RDAH SR AR /D 5 3T S S BR8P 7
HEFF SR AROC R B O, BT S HE Pl ¢ 4 B, PR IZ HE T 45 R T 5007 Hi S LA 5 IX Rk 4 25 7 Ui
YIRS SR T Z BRI R

M%7 AT LA 1, ORP JK IR LA K& NOS-N, NH;-N iX 4 DIREEH T 55— R HE vl 2 15 A ¢, Hidok
SRR HE R AR G B W S, DG R BOR 0. 795 4, HAIMETIN 7555 —HEp il 2 A 56, e i E 2
DO, R BN -0. 6536, HEEE T 55 W FhHE 7 2 502 BUAE G, Hid COND 5 HE)J7 il AH SC P A b 3
FHOCRECN 0. 7142, UK N NH-N FlI TN, AHC R E539100 0. 6572 F10. 707 7 5 K ik b B2 5 W A-HE P 4 22 67
AN O R BN -0. 2620 F1-0. 2454, 25 LRl A1, S0 AR BEVE 40 A 1Y £ B EE R 1A K IR . DO, 1

X COND,NH;-N F1 TN, ®7 WEEFS5 CCA HFMHEXEY
I YA 538 E R 19 CCA HE Table 7 Correlation coefficients between environmental
FEULEL L (RS Lk 2) . mET kiR factors and CCA ordination axes
JE AT, pH I B HE AR TR IR PR v 1) SB[ T XA
/ By Al A2 A3 A4
ST ,:\1@IIFI?XTE$§ ORP 0.2426 0.4630 0.4363 -0.0582
S AR B A R AR T IR 1 AT L pH ~0.0600  0.0251  -0.1024 0.1208
B H YR G OB B, S COND -0.2898 0.7142 0.0433 -0.1131
TTEHE T 4 — 2 B L X e DO ~0.6536 0.1100 0.2822 ~0.1128
s O T 0.7954  -0.2620 0.1524 0.0222
#h b5  ORP il COND | 5 i FR £h 95 4 Tur ~0.1254  -0.2454 0.1747 -0.1160
Tl Eb Y5 250 v 1) ol L, % B &t ol ok IE 26 NO3-N 0.0662 0.5998 0.1840  -0.2395
Tlﬂ‘/ﬁiﬁf%%ﬂ()ﬂiﬁﬁx jJiSLI—Jo ih’i?é\%ﬁ#ﬁ NHj-N -0.2334 0.6572 -0.2826 -0.0674
i S s SR N ~0.0388 0.7077 0.0335 -0.2294
TEIR L Sk BT, LR AT 3005 1 Tk 2 i COD,, 0.3417 0.5153 0.1398 0.4272
A, FR IS AR S R T AR TP -0.4245 0.5872  -0.1210  -0.1221

AR 32 7K R AR G, X R & ABLL 0.4716  -0.2069 0.2094  -0.2403
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Fig. 1 CCA ordination bi-plot between phytoplankton = Fig. 2 CCA ordination bi-plot between sampling points and

species and environmental factors environmental factors in autumn and winter
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9 6.58 mg/L)

b. it CCA HERF EUFIAH I3 A AT R, i 0 B TR R R BE | v B IR £ 8 BS54 A e ) 7K AR Tt 52 B
IR, AR A R T A e v I A, X PR 1 3 7 BB Ty i, R B X ATR O DX i R A A
LRI BN AE T DL S — 20T

c. AT CCA HEFF M, B4 T35 M 23 UE T PR U A ) B Vi B 25 43 A 1) 2 BEBRBE IR 1S /KR Al DO, ok
R E SR ER W B T COND
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