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Abstract: Eutrophication of urban lakes is a growing threat. Previous studies on algal blooms have focused on large natural freshwa-
ter reservoirs, but the dynamics of algal blooms in small urban shallow lakes are largely unknown. To identify the key factors affect-
ing algal blooms in urban lakes, this paper analyzed the characteristics of phytoplankton variation and the relationship between phy-
toplankton and contributing factors in a typical urban lake, Moon Lake in Ningbo, China. During the bloom, the nutrient level of
Moon Lake was between moderately eutrophication and extreme eutrophication. A total of 61 genera of phytoplankton belonging to 8
phyla were found and were dominated by Chlorophyta (51.79% ) and Bacillariophyta (21.43% ). The results showed that water
temperature and light were found to be the main factors for phytoplankton growth, which was characterized by a succession of Cryp-
tophyta, Bacillariophyta, Chlorophyta and Cyanophyta. Chlamydomonas reinhardtii caused the bloom and had a population density
as high as 1.55%10% cells/L. As algae density increased, the proportion of Chlamydomonas spp. increased (reached 81.10% ),
while the species numbers and community stability of the phytoplankton decreased. The subsequent Pearson correlation analysis and

redundancy analysis also demonstrated that the growth of Chlamydomonas was positively correlated with water temperature, pH and
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total phosphorus. Rising temperature in the spring season, continuous sunny weather, high nutrient loads in urban shallow lakes
and poor fluidity of water body helped create suitable living conditions for Chlamydomonas spp. with flagellum. Under these circum-
stances, the Chlamydomonas spp. with the greatest growth potential outnumbered other algae species in the competition of nutri-
ents, light and other resources, resulting in the green algae blooms.
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Fig.1 Distribution of sampling sites and temporal and spatial variation of algae density in Moon Lake
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7 0.02~0.69 mg/L NH}-N ¥ &k 0.01~2.59 mg/L Chl.a ¥ &)y 9.82~869.92 mg/m’. A Wi7K i 4w 55 5%
P VESR R R S, S TUKTER A T TR ES VI Hop S1.S2 4bF T ~ M2, 83,56 4bF IV~ VI, 84,
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Tab.1 Physical and chemical water parameters of each sampling site in Moon Lake

Sn/ W1/ 1 DO/ SS/ Ccon/ ™/ TP/ NO3-N/ NO3-N/ NH;-N/ Chl.a/
m C P (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/m*)

S 0.93£0.26 18.46+3.98 8.620.41 11.44+2.50 13.29+5.00 18.40+3.91 0.91£0.32 0.080.03 0.04x0.01 0.29+0.11 0.06+0.06 69.03+37.43
S2 1.14£0.25 18.58+4.01 8.710.35 10.51£2.34 11.33+4.36 17.28+4.37 3.13+5.98 0.08+0.05 0.04+0.01 0.33+0.11 0.08+0.11  32.50+8.62
53 0.88+£0.26 18.62+4.12 8.900.56 12.17+3.01 15.00£5.01 24.68+4.96 2.01+0.40 0.14+0.08 0.07+0.01 0.78+0.27 0.13x0.11 116.62+48.66
S4 - 0.71£0.14 18.31£3.65 8.09£0.71 6.28+5.16 18.42+7.03 27.49£6.09 5.64+3.25 0.38x0.20 0.18+0.06 0.63+0.33 1.61+0.70 108.31£89.17
S5 0.61£0.18 18.57£3.71 8.6240.82 11.19+6.91 26.50+16.62 32.94+11.61 6.07+7.62 0.27+0.18 0.08+0.02 0.62+0.31 0.36+0.32 270.44280.94
S6  0.82+0.33 18.49£3.69 9.08+0.45 12.38+4.23 18.83+8.05 26.42+8.23 2.35+0.67 0.15£0.09 0.06+0.01 0.76+0.25 0.11+0.11 146.88+100.89

# B R AREAR R n=8.

DA R a YR BESMG00E 08 H WK M8 SRk AT 00 20, 25 R 3R T, IR SRAE 0 18] 38 7R K P Ak T g
B A R E SR ], AL T R E IR K AR R U AROR (35.42% ) 5 LSRR R AS B i R,
BIRAT R BRI :S5>86>83>84>81>82 (3% 2) , Horp S5 (KK TP TN | S8 8 L 45 K o 2 KB vk 1)
AR B ILIA 2.
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Tab.2 Physical and chemical parameters of each sampling site based on chlorophyll-a concentration
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Fig.2 Temporal variation of partial water quality parameters of site S5
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di Lt 0.89% , Horh &kl JHE T BN G yadax i3, 29 5 BB B 67.24% . HUCONRESET] (14.15% ) (B
F1C12.51% ) (EBET](5.24% ), HAR 4 1T TH 5 B R EERY 0.87% .

JTPE AR DL 58 (V>0.02) A7 7745 22358 ( Planktolyngbya) /N3 ¥ ( Raphidiopsis) \/NPRHE J&
(Cyclotella) JfekFie)E (Fragilaria) I FTF8E (Synedra) (J2 3@ ( Cryptomona) | 15 Bt & ( Chroomonas ) | v H
8 ( Glenodinium)  F& ¥1 3 J& ( Trachelomonas) (A< 3 J& ( Chlamydomonas) . U Hi % J& ( Carteria ) . /NER 5 &
(Chlorella) VYA ¥R ( Tetraedron) L4k & (Ankistrodesmus) MEEJE ( Scenedesmus ) 3£ 15 J&. M 3 F—1I;
PR EF, A& S R ARG T BB RS 4R e ) - T, H 4 H 3 H—
4 F 24 HACHJB IR LR — 3R,

# 3 AT PR 1S [

Tab.3 Temporal succession of dominant genera and phyla of phytoplankton in Moon Lake

s i) FEMRH B S E R
3R 12H W Hi)R (0.63) —
3122 R ANFRER (0.29) BRI (0.17) 5K (0.11) RESENT BT ]
3A2TH INFRBESR (0.41) RIEE (0.29) ] ]
4HA3H K JE(0.72) T
4110 H MR (0.52) | POHENEIE (0.16) S
47170 RiJE (0.26) VUHERER (0.22) /NEREETE (0.19) SR R
4H24H REEJE(0.43) VUHEHLSE (0.14) /NFREETE (0.11) AR
SH3H TP 22 E)R (0.32) A5 R (0.29) G ST

222 & R AREREE  SS(IREILAK D) T 3 H 28 H R L GREKAL, FRLL T [R] 2 4 J&], B9 i ik 5]
1.55%10%cells/L, 5 [ 5 T 7K €6, 52 e 23 €0 FL AR AT SR (TR . 8540 DL TG AR 3 ( Chlamydomonas reinhardtii) 4
FRFRAIACEEE (G R L% L3 (81.10% ). B 1 SRy A5E 8 RIS 2 8 (A ) 22 AR Ak, 4% a7 38 8 2 T AK 3 U %5
BEN 3 H 27 HEWR B, 8T 4 H 3 H .10 HIB B AR, I & SR A8 75 S 3 25 B v i o U7
43% LA b ZJE A B BB T R EAE 4 24 B T I FHEBEAAT 3 4 ).

A BIRAE KA, HAR AR A AT KRBT MOK AR KA F ALY S5.S3 .56 A i 2% B [Tt
WRRE B, 43 0l 8.94%10° . 8.71x 10° Fil 7.29x 10° cells/L; S5,54 ,S3 A ¥ Jg & Lt b Th 0 J& e ok, 0 Bl
46.6% 36.8% Fl 33.6% ,{H S4 [ R H BT A RIS L. AL T RFHIRY S1.S2 LB AR 5 1L 17284k
AHXTHL /AN, i A% 15 7K AR B A 8 BIIRAR H + S5>83>56>84>S1>S2, 58 Fe A F-HEFF B AN 7. 5 4k 32 4
TR, JL W) S6.S3 1Y B V& e AE A8 0 il /N T RI W) S1.S2, H' J R (Y Fe AR B [t A 4 3 HAY S5
(2.676.,0.796 10.258) , /K He2  FHORWEE (5 A X U3 o7 WA WA vE 45 4 B —Ak.

4K LI REE R RS R

Tab.4 Phytoplankton community characteristic index of each sampling site

FETEFRIE AR 2L S1 S2 S3 s4 S5 S6
H 1.860+0.138 1.945+0.163 1.782+0.165 1.957+0.446 1.619+0.397 1.696+0.316
J 0.586+0.047 0.616+0.057 0.563+0.061 0.595+0.137 0.523+0.121 0.528+0.085
R 3.406+0.388 3.556+0.669 3.365+0.200 3.894+0.379 3.132+0.504 3.37420.527

# B R REAKL n=8.

2.2.3 FRAE AL AR A R AL S5 MK AR B, R WA B — D B AR B B TR o L
B PR ) A2 AL B LI 3. 45 5R o, S5 PRI A S n th B R /D IR IR e TR 22 R G I3 O
YRR AT AR AR ) R A R — B R 7 LTRSS | A R oK R, S5 2 R R R L2 /i BT D gl;
5 0 IO 14 T S 2 5 R U 2 P D SV AN R RS 8 A U B TR R AL /NIRRT, K
Ao A A B I T TR R, KA A B 4 IS B A R BE T I L T AR SR 8 JE A o L [



R E#HE RTHAESEEREFERLY wEE VAT IR A 4 1029
] 7%
100
[0 R 22 3R
O /N R
80 N A bk )s
. S K
N
2 gl N
i
i
E;:K 40+
e
20 E
0 == W T

T T T T T T T
03-12  03-22 03-27 04-03 04-10 04-17 04-24 05-03
J-H

3 S5 PRI AFIE IR o5 LU R )28 4k

Fig.3 Time variation of phytoplankton characteristic genus density proportion of S5

2.3 FiEEY SMEREF X RSN

PRIE DR 7 Xof 7 0 AL ) 5 0 32 AR S 23 BE A3 A1 L. Pearson A ICHE 3 MR B, 11388 7 B FIRE 7% ¢
fEFEES WT TN \N/P NO;-N Fl NH}-N )0 g 566 . HApE% 5 TSS,COD TP i Chl.a 5 § 3
IEARSG, 55 SD 1 B35 GO SG s IR RHIE R 8095 NO,-N B2 35 IEAASE, 15 pH DO\ TSS | Chl.a #12 i 3 U AH
K, HAP AR AR B 0 FE T8 % J 5 COD 5 1 35 AR OC, M2 L H8 4 R 5 COD JC W A GG &
(£5).

F 5 HIPREE T 50 T AR RS B SR 2 B

Tab.5 The correlation of algae density and community characteristic index

with environmental factors in Moon Lake

SD pH DO TSS COD TP NOZ-N Chl.a

BEE -0.396* 0.273 0.113 0.802 ** 0.620 ** 0.435** -0.113 0.882 *
H 0.206 -0.419* -0.546*  —0.456 " -0.403 ** -0.024 0.386 ** -0.543 *

J 0.239 -0.292* -0.305*  -0.368" -0.248 0.066 0.415* -0.352*

R 0.221 -0.431* -0.529*%  -0.443** -0.411* 0.074 0.325* -0.547

# FRFE 0.05 K LR EMIE, s FORTE 0.01 K b A (BUB KIS -

7 Canoco 5.0 Hi 73412 3 v EZLHE 5K SR (B B ASCNE. BEATRER XS 204 (DCA) J&, &
BB B BN T 3, B R BRSOk S B 2 (A AR R A ,Eﬁlﬁi& RDA BRI TASEAE T

RDA R 7R B = RhRH (L5050 0.3795.,0.1263,0.0531, JLf e 1 61.80% )5 2218 5 Horh BRJE 1
WT pH SD {5 g e e fie K, 20l ik 3 34.1% (16.2% F1 12.4% , SHFAEJE 5¢ R V). Frb/NERaE | B
J& 5 pH L2IEARDC, 5 WT SD AHCHEA 25 5 Bt s 5 SD L2 IEARDC, 5 WT pH 352 (R 5C ; AR | DU
J& TR 228 RS WT pH PP IEARSE, 5 SD BASE. A AgE)E it 5 TSS (Chl.a ,COD TP 1 IEAHSE.

3 i
3.1 KBS H L
HWJE T/ INEUCTT KA, AR T AT Bt A R P K 11 32 DRI Bl A B2 50/, AT il 57
ﬁﬁ?ﬁﬁJ STV Ay OIS ) 77 L BT | D A A IR AT Gl A S e TR 9 R R T A SR
Z NS 30 vS Yo B 40 T APt AR I T S L — B, S SRR R A
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Fig.4 RDA ordination biplot of phytoplankton characteristic genus and environmental variables in Moon Lake
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1 ~ 45 V3, B FRACHA T rh—om & & FR Z ], 58 IR AL 0 A4 SR 23 81504 L 32 2R B L o T e
W AR I TR K I B2 K TR s T e KT, 7 WK A8 e FR) 8 R A SRR B T 7K AR % 2 (R ) T i

MG TR S 1 S5 HK BT SEUEAL , AR AU K R B A £ b THE A, KA S8 pH  TSS ¥R 1T, il
TN WP SR, TP AR 3 H 27 HEIE FRE, Beik S5 A9 %0 LLIAE 78.09, 24 H H Al x5 007 20k He-F- P4 i
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W E IR B R B IR LN, A SR E IR R N BUIAK IR S S5>86>83>84>81>82, A5 [] 1 B b
W TR A K i T K 0 KA DX s T R DX
2) KA S AL S VR ) 8 1] 61 J& 112 Ffr, AL T FNRESE [T 0 3B, 2 KR O RRIR S & 1 T s
FToREBE TSR BE T B TR, 3 H 28 A TAUiN S5 2 & K AE, KAERI AT RACHE. & sk IE
S B E SRR SR N, FRACHE & EL IR T, 77 IR P b JE B i/ | A TR BT 4 2 PR .
3) BFERBE T IR FFE A, A BRI S K EE S 5R, HAE K 5K pH BB R 2 IEAH G, 16
HAE R S IR T R R 12 A S AR R A AR . FURR 8 C-5R W A Ay A8 K 3 oy P i — 2 s HAR X
HoAh R B A5 S = B FRIREE SRl ) S A K R OK AR K& B
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