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= COD,/COD, + DIN./DIN, + DIP,/DIP,— DO,/DO,

= ( Cu,/Cuy + Pb./Pby + Zni/Zn, + Cd./Cd,) /4

E =(COD * DIN * DIP* 10°) /4500; E=1
NQI = COD,/COD, + DIN,/DIN, + DIP,/DIP, + Chl. a./Chl. a,
(GB 3097 -1997) .
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Tab.1 Nutrient status and standard of water quality according to different assessment indexes

A <1.0 1.0~2.0 2.0~3.0 3.0~4.0 >4.0
A <0 0~1 1.0~2.0 2.0~3.0 3.0~4.0 >4.0
A <0.4 0.4~1.0 1.0~2.0 >2.0
E <1 >1
(Trophic status index)
NQI <2 2~3 >3
(Nutritional quality index)
A
<1.0 1.0~2.0 2.0~7.0 7.0~9.0 >9.0

(Water comprehensive

pollution index)

2

2.1

inds * L' ( 2)

1

o

S10 ;55 52 S3
S4 S7 56 S9

80 m
2.2

5.6% ~16.9%0

23

S8 S7

—

T, 30 000
=
=
z
Z 25 000 A I

0~29 444 =< £
T 4000
& 30004

SI S8 x5 2000+
=2 1000+
= 0" .
SI S2 S3 S84 S5 S6 S7 S8 S9 S10
KAEi 7 Sample stations
2 B AN I T A i 5 Y A A7
3 Fig.2 Cell density of N. scintillans in different sampling stations

20 ~2 700 inds * L7

220 000 inds * L™ .
o 10 m
4
tato 23.2 ~26.1C
. . . ( ) .
3-410 12
3 (¢ 3). S6 S10 S9

. S1 S2



2018

S9  SI10
;S5 4 S3 o 3
13-14 16 21 .
2
Tab.2 Nutrient status and standard of water quality at different sample stations
! ! T Ctrophic satus index)  (Nutsiional quality index) ("1 0mPIe S
S1 0.09 3.40 0.32 4.90 5.77 3.81
S2 0.11 3.81 0.38 4.14 5.26 4.30
S3 0.07 2.12 0.44 2.86 8.18 2.63
S4 0.10 2.55 0.53 3.32 4.58 3.19
S5 0.10 3.58 0.45 4.63 7.39 4.14
S6 0.03 2.79 0.58 2.05 6.77 3.39
S7 0.04 3.21 0.42 1.23 4.88 3.67
S8 0.05 4.83 0.77 7.79 6.66 5.65
S9 0.10 2.55 0.47 1.69 4.26 3.11
S10 0.06 2.97 0.57 2.92 10.28 3.60
«¢ ~ -~ )
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Fig.3 Cluster analysis of water factors among different sampling stations
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Tab.3 Total variance explained in Principal Component Analysis of water quality factors

Initial Eigenvalues Extraction Sums of Squared Loadings
Component
% % % %
Total % of variance Cumulative % Total % of variance Cumulative %

1 12.23 53.16 53.16 12.23 53.16 53.16

Non-bloom area 2 10.77 46. 84 100. 00 10.77 46. 84 100. 00
1 14.27 62.02 62.02 14.27 62.02 62.02

Transition area 2 8.73 37.98 100. 00 8.73 37.98 100. 00
1 10.36 45.06 45.06 10. 36 45.06 45.06

2 7.41 32.21 77.27 7.41 32.21 77.27

Bloom area
3 5.23 22.73 100. 00 5.23 22.73 100. 00
\ « 9
3 o 1 4
NN N N N 2 3 o
4 Y
( . L ) .
2.3
5, 1 500 ~89 700 cells « .7 13 ~28
. (S4 S6 59 S7)
o 18 13
24
1.79 9.39
34.21 61.89 . N
2-25
26
Y 14

56.2% 43.8% 7
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Tab.4 Component matrix of water quality factors using PCA
Non bloom area Transition area Bloom area
Component Component Component
1 2 1 2 1 2 3
Sal. -0.37 0.93 1.00 -0.01 0.20 0.57 -0.80
pH -0.14 0.99 1.00 0.05 -0.84 -0.16 0.52
DO -0.77 0.64 0.92 -0.39 -0.65 0.55 -0.52
COD 0.71 0.71 -1.00 -0.05 0.94 0.23 0.26
BOD 0.63 0.78 -1.00 -0.08 0.97 0.17 0.16
SS 0.98 0.20 -0.09 1.00 0.83 -0.35 0.43
NO, ~ 0.99 0.13 -1.00 0.07 0.91 0.35 -0.24
NO, ~ 0.43 0.90 -0.12 0.99 0.63 0.68 -0.38
NH, * 0.98 -0.18 -0.95 -0.32 -0.22 -0.59 0.78
DIN 0.87 0.50 -0.64 0.77 0.86 0.43 0.27
TN -0.01 1.00 -0.94 0.35 -0.87 0.14 0.47
PO,*" 0.65 -0.76 0.99 0.12 -0.78 -0.62 -0.07
TP 0.80 -0.61 0.80 0.60 -0.56 -0.23 -0.80
0il -0.35 -0.94 -0.83 0.56 -0.52 -0.34 -0.78
Hg 0.63 -0.78 0.39 -0.92 0.36 -0.93 -0.12
As 0.99 -0.13 0.99 -0.13 0.37 -0.90 -0.24
7Zn 0.83 0.57 0.05 1.00 0.70 -0.72 0.02
Cd -0.87 0.49 0.58 0.81 -0.24 0.95 -0.18
Pb 0.80 0.60 0.99 0.13 -0.78 -0.61 0.16
Cu -0.42 0.91 -0.64 -0.77 -0.34 0.82 0.46
Ni 0.48 0.88 0.21 0.98 -0.47 0.74 0.48
Cr -0.98 -0.18 0.37 0.93 0.92 -0.23 0.32
Chl. -0.86 0.52 0.92 -0.39 -0.35 0.38 0.86
0-15 015 015
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Fig.4 Component plot in rotated space of principal analysis on water factors in the non-bloom area(a),

transition area(b) and bloom area(c)
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2016 4 . .
2016 - 04 — — — 300 km
0 ~645 inds * L' (100
inds L_l) -
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3 ( —
) ( ) ( N )
3.2 .

( . ) 510 R

3.3
(Akashiwo sanguinea) - (Ceratium furca) ~ (Dactyliosolen fragilissima)
(Guinardia flaccida (castracane) Peragallo) (Eucampia zoodiacus)
4
1 . J. 2016 36(9): 2451 -2459.

2 Mikaelyan A'S Malej A Shiganova T A et al. Populations of the red tide forming dinoflagellate Noctiluca scintillans (Macar—
tney) : A comparison between the Black Sea and the northern Adriatic Sea J . Harmful Algae 2014 33: 29 —40.

3 Baliarsingh S K Lotlikeraneesh A Trainer V L. et al. Environmental dynamics of red Noctiluca scintillans bloom in tropical
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4 Turkoglu M. Red tides of the dinoflagellate Noctiluca scintillans associated with eutrophication in the Sea of Marmara (the Dar—
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5 Escalera L Pazos Y MORONOA et al. Noctiluca scintillans may act as a vector of toxigenic microalgae J . Harmful Algae

2007 6: 317 -320.
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Correlation Between the Patch Distribution of Noctiluca scintillans
Bloom and Aquatic Environmental Factors

QI Shibin QIN Chaomei HUANG Shaojian ZHONG Chao SUN Kaifeng

(1. South China Institute of Environmental Sciences. Ministry of Environmental Protection Guangzhou Guangdong 510535 China;

2. Zhanjiang Environmental Protection Monitoring Station Zhanjiang Guangdong 524022 China)

Abstract: Based on the data of Noctiluca scintillans bloom happened in the Guanghai Bay and Zhenhai Bay of
the Pearl River Estuary in April 2016 the water quality and the change of the community composition of phyto—
plankton in the sea area under algal bloom were analyzed by using water quality evaluation hierarchical cluster
analysis and principal component analysis in order to establish a correlation between the patch distribution of V.

scintillans bloom and the aquatic environmental factors . The results showed that the sea area under investigation
was eutrophicated according to the trophic status index and was slightly or moderately polluted based on the tox—
ic substances of the sea water evaluated by the organic contamination index the toxic pollution index and the
comprehensive pollution index. The abundance of N. scintillans varied from 0 to 29 443.7 ind * L. ™' among the
sampling stations which indicated a notable patch distribution of the algal bloom. The composition of phyto—
plankton community was changed during the algal bloom. The average abundance of Bacillariophyta and Pyrro—
phyta increased evidently while that of Chlorophyta Cryptophyta and Cyanophyta decreased significantly in the
algal bloom area. Moreover the number of average species of the alga was 18 24 and 13 in the bloom area the
transition area and the non-bloom area respectively. The dinoflagellate species second to N. scintillans were
Akashiwo sanguinea and Ceratium furca while the diatoms mainly included Dactyliosolen fragilissima Guinardia
Sflaccida (castracane) and Eucampia zoodiacus. Cluster analysis of the water quality factors revealed that N. scin—
tillans bloom was detected in all the sampling stations in the river estuary harbor area and aquaculture area
where N. scintillans was distributed obviously in patches. The principal component analysis of water quality fac—
tors indicated that bloom of N. scintillans induced significant changes of the contribution rate and correlation co—
efficient of water quality factors. According to the rotated component matrix the first principal component indi-
cated the huge algal growth brought about consumption of nutrient (ammonia total nitrogen phosphate and total
phosphorus) and increase of SS and CODMn while the second principal component indicated the selected ab—
sorption of metals. Eutrophication of the sea water was the aquatic environmental basis of N. scintillans bloom.

The patch distribution of N. scintillans changed obviously the structure of the phytoplankton community and the
composition of the physical and chemical factors in the sea water of partial sea area.

Keywords: N. scintillans; harmful algal bloom; aquatic environmental factor; phytoplankton



