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Tab. 1 Geographical coordinates of phytoplankton survey sta-
tions in the coastal waters of Lingshui Bay

Yl Station 2% Longitude Zh ) Latitude .
1-1 109°57'11.09" 18°24'14.82" 3:5'1 2-1
1-2 109°57'05.18" 18°2325.45" 5 l‘fl
1-3 109°57'05.18" 18°22'08.59" 4-1
2-1 109°5522.63" 18°24'25.90" 5 2"-:f2
22 109°33'12.08" 18°1409.52" i 3-2 1-2
2-3 109°5521.33" 18°22'19.87"
3-1 109°53'34.97" 18°24'11.56" 23 15
3-2 109°32'06.85" 18°14'03.28" 4:3 3-3
3-3 109°53'33.83" 18°2223.38"
4-1 109°52'24.54" 18°23'38.64" B 1 B KIS
4-2 109°58'24.38" 18922"25.00" Fig. 1 Schematic diagram of the distribution of sampling
4-3 109°5224.01" 18°21'18.65" points in Lingshui Bay
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Tab. 2 Environmental parameters of survey sites in Lingshui Bay in the spring and autumn of 2019

Beigpe /Kl °C Sea water temperature pH B, 5% /(us-em ™) Conductivity #RF¥ Salinity J#f#EDO/(mg L)

Sample code 4 4‘% B % @< ® K B W
1-1 26.37 29.70 8.30 8.10 21.80 24.77 29.00 33.73 10.37 6.54
1-2 26.33 30.10 8.30 8.20 21.83 25.00 29.00 32.80 9.33 6.67
1-3 26.37 29.70 8.32 8.30 21.57 25.00 29.00 33.37 10.77 6.32
2-1 26.33 29.90 8.28 8.20 21.57 21.15 29.00 33.30 7.83 5.45
2-2 26.23 31.00 8.28 8.20 21.50 25.00 29.00 33.43 5.90 5.49
2-3 26.30 30.40 8.29 8.20 21.30 22.73 29.70 33.17 10.37 6.31
3-1 26.83 31.50 8.28 8.20 21.33 25.00 29.70 31.10 4.57 5.55
3-2 27.03 32.00 8.28 8.30 21.33 19.37 29.00 35.30 5.00 5.50
33 26.30 30.40 8.31 8.30 21.37 25.00 30.30 33.03 10.27 591
4-1 26.70 31.00 8.29 8.30 21.43 23.80 31.70 31.13 4.77 7.04
4-2 26.03 32.50 8.27 8.30 21.43 25.00 32.00 34.20 4.90 6.09
4-3 26.07 31.40 8.22 8.20 21.37 25.00 32.00 33.70 4.77 6.20
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Fig.2 The number of phytoplankton species at the survey stations in Lingshui Bay in 2019
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24 B EOLIRE =0.02 BPIFE SRR R EF . A W], 20 R WA R R
7 F, 4300 R PR Ak (Leptocylindrus danicus) . Z2 55 1UZE Y i ( Pseudo-nitzschia delicatissima) . 1 B
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Fig. 3 Spatial distribution of phytoplankton at phylum level in Lingshui Bay

(Lauderia annulata) . 0[BT 3 ( Coscinodiscus centralis) . B% FC TR B3 ( Trichodesmium thiebautii) . FHiE
i & ( Chaetoceros tortissimus) . S UERIE 3 ( Climacodium biconcavum) | %% W = F11#5 # ( Streptothece
thamesis) Fl H A B FT- ¢ (Asterionella japonica) o FRSUAETGHE RS 1 EHF, LIEE R ¥=0.153, V34 % B
h3.50%10° CFU-m; HuG [T 55 2 PL3ifh, PR3iey ¥=0.128, X8 3.49x10° CFU-m (% 3) .
B K TE KPR 2 S i GBE T 2R 2Rl L IR 4

25 ZHMEH. WABESEEEEYR ZSHMEEERYS TR REGR 4), FEIRIGEIRIE
Yy (4 Z2 A R BRI 14 5 BESF- (5 5331 2.99 F10.76, BkZE43 03 3.03 F10.79. Ak TR ZFEMESR
B3 =3.0, RUPZIEFEEESRG R . FFFEERECGURTE 0.84 ~ 2.89 Z[H], P8 1.96, BEFE
JEFREGERITE 0.45 ~ 2.25 Z [, 448 1.42,

*3 BKEDRIHEYRE M
Tab.3 The dominant species of phytoplankton in Lingshui Bay

LIRVS Pl FEPEBE/(10° Am?) A REE % HBUR% R
Voyage Dominant species Mean density Over total density Frequency Dominance
PYAAAEBE Leptocylindrus danicus 3.12 36.43 100.00 0.36
ZERIZEIE P Pseudo-nitzschia delicatissima 1.27 14.89 66.67 0.10
fBWIE Chaetoceros spp 0.85 9.93 83.33 0.08
K HTECAR T Rhizosolenia stolterfothii 0.50 5.85 83.33 0.05
WMaHRE ¥ Rhizosolenia fragillissima 0.58 6.75 58.33 0.04
WEEJLINE®E Guinardia flaccida 0.25 2.91 83.33 0.02
RFNZZTE# Pseudo-nitzschia pungens 0.43 5.01 41.67 0.02
I C#E Lauderia annulata 3.50 15.33 100.00 0.15
HULBITEE Coscinodiscus centralis 3.49 15.32 83.33 0.13
HECIR B Trichodesmium thiebautii 1.28 5.62 91.67 0.05
tk o AHEEMTBBE Chaetoceros tortissimus 3.24 14.18 25.00 0.04
WHEEIEBEE Climacodium biconcavum 0.85 3.72 66.67 0.03
FRIEL-HHEPE Streptothece thamesis 0.81 3.57 66.67 0.02

H A3 Asterionella japonica 1.49 6.55 33.33 0.02
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Fig. 4 Microscopic observation of dominant algae species in phytoplankton in Lingshui Bay
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FKZFH4(H 3.80 mg-L ',
27 BIFEYEEEMSTHRERFRXR BRAKSIRIFEY 5H5ER T Z RN ITUAR T (RDA) 455 %
HI(E 6), 7245 155 2 HEFF B AE(E 40 510 0.551 1 0.141, SR 69.2% IR AR5 2 BRBAE
155 2 HER RO ERE 4 510 0.292 F110.198, Zi e 49.09% (¥R 51015 . .

PERRR S EEHEA T 10 BB ZER IR I, MR M AT | AR E LR R R N, kK IWEEH 2 1
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Tab. 4 Phytoplankton diversity index, evenness and richness index of each survey station in Lingshui Bay

. ZHEPEFEEL Diversity index Y5 EHE%L Evenness index £ & BEFE %L Richness index
¥41V Survey station
& Fk & K & Fk
1-1 2.96 2.88 0.80 0.72 1.13 1.35
1-2 2.06 1.58 0.65 0.68 0.84 0.45
1-3 2.90 3.35 0.66 0.80 2.10 1.76
2-1 3.07 3.10 0.86 0.79 1.38 1.42
2-2 2.44 3.17 0.77 0.81 1.08 1.52
2-3 3.09 3.82 0.67 0.86 2.61 2.25
3-1 3.40 2.28 0.76 0.60 2.89 1.27
3-2 3.20 3.02 0.84 0.74 2.44 1.51
3-3 2.75 3.72 0.61 0.93 2.26 1.66
4-1 2.81 3.14 0.72 0.80 1.88 1.32
4-2 3.62 2.56 0.84 0.77 2.40 0.95
4-3 3.64 3.71 0.89 0.93 2.48 1.56
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Fig. 5 Measurement results of water quality-related indicators at various survey stations in Lingshui Bay
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Fig. 6 RDA ordination analysis of phytoplankton and environmental factors of Lingshui Bay in spring (a) and autumn (b)
TN: Total nitrogen; TP: Total phosphorus; NO,-N: Nitrite; NO;-N: nitrate; NH;-N: Ammonia nitrogen; COD: Chemical
oxygen demand; Cond: Conductivity; DO: Dissolved oxygen; WT: Water temperature; S: salinity.
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Investigation of Phytoplankton Community Structure and Seawater

Quality in Lingshui Bay in Spring and Autumn

ZENG Ru, LI Yajun, HE Jinman, HUANG Xiaoqing, DENG Xiaodong

(Institute of Tropical Bioscience and Biotechnology, Chinese Academy of Tropical Agricultural Sciences; Hainan Key Laboratory of Research and
Utilization of Functional Components of Marine Biological Resources, Haikou, Hainan 571101, China)

Abstract: The species, community structure and diversity index of phytoplankton and seawater quality in the
coastal waters of Lingshui Bay were investigated in the spring and autumn of 2019. The results showed that
there were 81 species of phytoplankton in 6 phyla and 53 species in 3 phyla identified in spring and autumn,
respectively, most of which were diatoms. There are 7 dominant species of phytoplankton although different in
spring and autumn. The average cell density of phytoplankton in spring and autumn was 8.56x10° cfu-m* and
22.81x10° cfu'm™, respectively. The average diversity index and uniformity of phytoplankton in the sea waters
were 2.99 and 0.76 in spring, and 3.03 and 0.79 in autumn. Redundancy analysis (RDA) showed that the
ecological environment in Lingshui Bay was excellent. The phytoplankton was significantly positively
correlated with salinity and nitrite-nitrogen in spring, and with nitrite-nitrogen in autumn, indicating that the
main factors affecting phytoplankton in Lingshui Bay are salinity and nitrite-nitrogen content. The
phytoplankton community structure in Lingshui Bay was closely related to the nutrients in the sea water. The
control of discharge of sewage in Lingshui Bay should be strengthened to enhance the protection of the coastal

waters of Lingshui Bay.
Keywords: Lingshui Bay; phytoplankton; community structure; environmental factor; redundancy analysis
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