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Abstract To investigate the influence of tidal period and sampling method on phytoplankton in open estuarine
waters and understand the community change mechanism, we collected net and water samples of phytoplankton
from the Shengsi Islands during spring and neap tides in June and August 2010. A total of 7 phyla, 94 genera,
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and 323 species were identified, comprising 213 species and 57 genera of Bacillariophyta, 79 species and
19 genera of Pyrrophyta, 11 species and 5 genera of Chlorophyta, 10 species and 6 genera of Cyanophyta,
5 species and 3 genera of Chrysophyta, 2 species and 1 genus of Xanthophyta, 2 species and 1 genus of
Euglenophyta. Species richness in water-collected and net-collected samples reached 284 and 199, respectively.
In June, Skeletonema spp. dominated. In August, in addition to Skeletonema spp., the dominant species in the
net samples included long-chain, larger-sized groups such as Chaetoceros spp., Pseudo-nitzschia pungens, and
Thalassiosira curviseriata. The water samples also contained smaller species such as Scrippsiella trochoidea and
Eutreptiella gymnastica. During the same period, phytoplankton abundance, species richness, Shannon index,
and Pielou’s evenness index were all higher in the water-collected samples than in the net-collected samples.
Similarity analysis revealed significant differences (P < 0.01) in phytoplankton community composition between
different tidal phases and sampling methods. Redundancy analysis indicated that phytoplankton community
composition was closely associated with temperature, nutrients, and transparency. During spring tides, reduced
transparency led to lower phytoplankton abundance due to light limitations. Historical data from 1990 to 2010
further indicated that, during summer in the Shengsi Islands, increasing levels of dissolved inorganic nitrogen
and a rising N/P ratio contributed to intensified eutrophication and shifts in phytoplankton community structure.
In conclusion, this study demonstrated that, in estuarine open waters, phytoplankton abundance and community
composition showed significant variations under different tidal periods and sampling methods.

Keywords Shengsi Islands; phytoplankton; spring and neap tides; sampling strategy; estuary
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Fig. 1 Sampling stations around the Shengsi Islands.
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1 6. 8AIRNYIBEERBIMNEBUETF (FHETFRES) MMR, KR FIFEDEE
Table 4 Environmental factors (mean + S.D.) of surface water around Shengsi Islands in June and August, and
abundance of net- and water-collected phytoplankton

WEEZ 4 6/ K] 67 /N 8 K] 8/
Environmental parameter Spring tide in June  Neap tide in June Spring tide in August Neap tide in August
KR 20.84 + 1.22° 20.14 + 0.85° 25.86 + 0.99° 27.74 + 0.93°
Temperature ( 6/°C) (19.70 - 24.10) (19.10 - 21.80) (24.50 - 28.40) (25.30 - 28.50)
20.94 + 6.80%° 19.97 + 6.29% 21.80 + 3.05° 1719 £ 5.23°
hE Salinity (5.50 - 25.20) (8.50 - 23.50) (15.20 - 22.40) (8.80 - 21.30)
bicLi)i-3 1.30 + 0.41° 1.60 + 1.07° 0.41+017° 0.81 +0.37°
Transparency (6/m) (0.50 - 2.30) (0.30 - 4.40) (0.20 - 0.70) (0.40 - 1.80)
BIFR 17.63 + 6.92° 12.22 £5.71° 46.23 + 36.24° 12.09 + 6.94°
Suspended solids (o/mg L") (9.00 - 36.60) (1.40 - 75.60) (15.80 - 167.80) (2.80 - 36.20)

; . 1.90 + 0.27 213 +0.86
DSi (p/mg L) J d (1.38 - 2.39) (0.99 - 3.24)
DIN (p/mg L) 0.98 + 0.45° 1.00 + 0.43° 0.95 + 0.25° 0.93 +0.37°

(0.44 - 2.23) (0.37 - 1.80) (0.63 - 1.66) (0.45 - 1.60)
DIP (p/mg L) 0.017 £0.009°  0.027 + 0.010° 0.029 + 0.005° 0.007 + 0.005°

(0.01 - 0.05) (0.009 - 0.042) (0.016 - 0.038) (0.002 - 0.017)
N/P 59.60 + 13.85" 37.53 + 10.60° 33.02 + 8.10° 170.15 + 80.99°

(41.65 - 97.07) (22.42 - 66.79) (23.22 - 53.68) (56.32 - 332.29)

Chia (p/ug L) 4.23 +3.88° 4.97 +3.51° 8.92+8.91° 35.48 + 13.13°

(0.65 - 13.75) (0.67 - 13.70) (2.37 - 32.41) (19.66 - 65.07)
AR 44.01 + 48.17° 7.23 £22.27° 60.15 + 74.89° 788.62 + 1105.48°
Net-collected abundance (n/cells mL") (1.23 - 135.86) (0.13-103.81) (6.26 - 304.44) (23.91 -4 254.09)
IR 349.51 + 349.97° 304.32 +405.03°  221.07 +427.74° 1 163.05 + 863.72°

Water-collected abundance (n/cells mL")  (15.40 - 942.25) (12.63 - 1401.87) (30.47 - 1 099.49) (216.31 - 2 768.15)
DSi: v MERERR £5: DIN: ¥ MEEHLE:  DIP: & HEBERR £L: Chla: M4¢za. FATAR Fin/ NS FRRRETEFEE (P <0.05).
[+ RIMGE.

DSi: Dissolved silicate; DIN: Dissolved inorganic nitrogen; DIP: Dissolved inorganic phosphorus; Chla: Chlorophyll a.
Different superscript lowercase letters in the same line indicate significant seasonal differences (P < 0.05). /: Not measured.

%2 6. SAX/NEHEAEMER, KR FHEDREMO L FEEMRLE
Table 2 Average abundance and dominance of dominant phytoplankton species (net- and water-collected) in
spring and neap tides during June and August

Aty WA STRE I P REE PLos L
Month  Tidal cycle Method Species Abundanc_ef Domlrlance

(n/cells mL™) (P1%)

K Spring tide W% Net collection ki Skeletonema spp. 43.05 97.8

6 /b Neap tide MK Net collection  “H 4% Skeletonema spp. 6.85 94.8
K Spring tide /K% Water collection ‘4% Skeletonema spp. 32117 95.6
/Nl Neap tide 7KK Water collection ‘i %%7% Skeletonema spp. 24711 93.5

‘B 4%% Skeletonema spp. 25.62 426

KA Chaetoceros lorenzianus 10.87 12.7

K Spring tide % Net collection %[ fEi% Chaetoceros affinis 10.22 12.0
R ZE I # Pseudo-nitzschia pungens 5.86 6.9

RINE 1B Chaetoceros constrictus 2.74 3.2

. : - . ‘B 4% Skeletonema spp. 510.88 64.8

/M Neap tide K Net collection JiE B 5 8 Thalassiosira curviseriata 266.90 33.8

8 HEIR B 50 B35 9% Scrippsiella trochoidea 155.27 75.6
‘B 2k Skeletonema spp. 10.03 4.9

K] Spring tide /KK Water collection /MNiiF:#: Leptocylindrus minimus 5.43 2.3
K535 Pseudo-nitzschia pungens 4.46 2.2

T R Eutreptiella gymnastica 4.28 2.1

‘B 4k Skeletonema spp. 494.34 47.0

JNH Neap tide 77 Water collection e Thalassiosira curviseriata 376.05 35.7
HEIR T 50 B35 Scrippsiella trochoidea 33.46 3.2

NI Leptocylindrus minimus 26.27 25
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Fig. 2 Horizontal distribution of net- and water-collected phytoplankton abundance in spring and neap tides
during June and August.
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Table 3 Community parameters (mean + S.D.) of phytoplankton in spring and neap tides during June and August

H4y Month 351538 Tidal cycle KA Method  #)#0%L Species number  ZREVEIER H' WS J'
K Spring tide #>% Net collection (2156 *f g;) (?)22 i gg?; (0%23 i 8;:83;
3 /N Neap tide k=% Net collection (212 i 2 ;) (104('):: i;?g)b (000812 i 862 g)a
K Spring tide 7KK Water collection (ZZ f 67;) (10::% figg;b (?)%%% (())gg;
/N Neap tide 7KK Water collection (52i Jf ;g; (10?; %;72::33)"’ (%gg ?8;2;
K Spring tide #>% Net collection (:;i % 2;; (3;?3 ???gf; (00‘225% 8;3;
/Nl Neap tide M=K Net collection 2(19 J_'r g;) (%217 J_'r ?_fg)c (00027?3 % 8‘%)96
i K] Spring tide 7K Water collection (‘:13?) %g;; (815% ? l_?%a (00022 % gg%a
/Nl Neap tide 7KK Water collection (?1’:3 % Z;C) (121 tgs;; (%Aé% i g_ggfb

FIZIANE Ebr B RonZ R 8% (P <0.05).

Different superscript letters in the same column indicate significant differences (P < 0.05).

R4 REEFEMAKNFXT6. 87 FHFEYRHEF AR ML 54

Table 4 Analysis of similarities (ANOSIM) for phytoplankton communities collected using different sampling

methods in different tides during June and August

6H June

8H August

ZH % Group R P

ZH %) Group R P

Vol. 31 No.6 June 2025 925/

KEIRF vs. KHEIKF

RWIPIE vs. KEIKF

Net collection in spring tide vs. water 0.629 0.001 Net collection in spring tide vs. water 0.993 0.001
collection in spring tide collection in spring tide

ANEHIR: vs. /NEIKCR: NIIR vs. NEIKCR

Net collection in neap tide vs. water 0.394 0.001 Net collection in neap tide vs. water collection 0.985 0.001
collection in neap tide in neap tide

REPR vs. /N AR KPR vs. /INEIR

Net collection in spring tide vs. net 0.254 0.001 Net collection in spring tide vs. net collection  0.521 0.001
collection in neap tide in neap tide

KENKEK vs. /NEIZKR KEIKE vs. /INEIKE

Water collection in spring tide vs. water  0.030 0.001 Water collection in spring tide vs. water 0.851 0.001

collection in neap tide

collection in neap tide
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Fig. 3 Redundancy analysis (RDA) of main phytoplankton species associated with environmental variables.
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Table 5 Dominant species and abundance of phytoplankton around Shengsi Islands in different years
P Average abundance

= KR
1 fl35F Dominant species Net-colleéed Surface water- 253k
Time collected Reference
abundance1 abundance
(n/cells mL™) (nicells mL")
=R PR VA R
TSRO Prorocentrum triestinum, Prorocentrum micans L8 ke (1]
T Sk EE RN ZE T S5 TR BOGEE I B
Skeletonema costatum, Pseudo-nitzschia pungens,
1990.08 Gymnodinium rhomboids, Noctiluca scintillans, Chaetoceros 139.10 894.60 (11
pelagicus
W IR T SE TR L R AR
1991.06.12 Prorocentrum micans, Gymnodinium rhomboids, 0.19 79.80 [12]
Skeletonema costatum
I SRR ETRARTE . = A
1991.0713  Skeletonema costatum, Gymnodinium rhomboids, Ceratium 2.51 2536.00 [12]
tripos
AR MR =AM
1991.07.14  Skeletonema costatum, Gymnodinium rhomboids, Ceratium 0.45 748.60 [12]
tripos
B R EE L SR ZE DN TR e
2000.06.23 Skeletonema costatum, Pseudo-nitzschia pungens 2200.00 / [13]
rh B AR R IIOREE T
ZUDEDE Skeletonema costatum, Pseudo-nitzschia pungens B0 / Ic
2000.08.19 %% Skeletonema costatum 8400.00 / [13]
. AR EE
pan 3
2010.06.05 & %k# Skeletonema spp. 7.23 264.33 This survey
s AU A
el A S
2010.06.11 & %% Skeletonema spp. 44.01 335.78 This survey
P WERENEBE B, MU 5L A N —
2010.08.05 Skeletonema spp., Thalassiosira curviseriata Scrippsiella 788.62 1052.29 Thi —
: ; > is survey
trochoidea, Leptocylindrus minimus
B AR HEIR I v AU
2010.08.11 Skeletonema spp., Scrippsiella trochoidea 60.15 205.28 This survey

*6 TRIFMIFNTBFRPLEFRRELERENEFELIREFMRBEL (N/P)
Table 6 Nutrient concentrations and N/P ratio during occurrence or non-occurrence of red-tide around Shengsi
Islands in different years

g Jrsepin 7 Nutrient 3R
Time Yes or No DIN (p/mg L") DIP (p/mg L™ N/P Reference

1990.06 73 No 0.31 0.013 52.80 [11]

1990.08 & Yes 0.17 0.009 41.83 [11]
1991.06.12 = Yes 0.32 0.021 33.74 [12]
1991.07.13 & Yes 0.40 0.014 63.27 [12]
1991.07.14 73 No 0.57 0.023 54.88 [12]
2000.06.23 5 No 0.18 <0.005 >79.71 [13]
2000.07.09 = Yes 1.00 0.012 184.52 [13]
2000.08.19 5 No 0.41 <0.005 >181.57 [13]
2010.06.05 75 No 1.00 0.027 82.01 AVKIE This survey
2010.06.11 3 No 0.98 0.017 127.65 KU This survey
2010.08.05 /2 Yes 0.93 0.007 294.18 AR This survey

2010.08.11 73 No 0.95 0.029 72.54 AUEA This survey
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