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Dominant phytoplankton communities and their relationships
with Syndiniales in Sanmen Bay, Zhejiang Province

FENG Yumeng', BAO Zhen', ZHANG Liyue', XU Yi', ZHANG Fengyuan', LIU Junfeng?,
XUE Feng’, ZHANG Demin', ZHANG Huajun"’

1 School of Marine Sciences, Ningbo University, Ningbo, Zhejiang, China
2 Zhejiang Mariculture Research Institute, Wenzhou, Zhejiang, China

Abstract: Phytoplankton are key primary producers in marine ecosystems, and their community
composition is influenced not only by environmental factors but also by biological factors such as
parasitic organisms. However, the relationships between parasitic eukaryotes and phytoplankton in
coastal bays remain poorly understood. [Objective] To investigate the community composition,
seasonal succession, and interactions of dominant phytoplankton, including diatoms,
dinoflagellates, and their parasitic eukaryotes, Syndiniales, in Sanmen Bay, Zhejiang Province
during summer and autumn. [Methods] Surface water samples were collected from Sanmen Bay in
September (summer) and November (autumn) 2019. High-throughput sequencing was performed
for the V4 region of the 18S rRNA gene of eukaryotic microbes. Principal coordinate analysis,
co-occurrence network analysis, and bipartite network analysis were employed to explore the
succession and interactions of diatom, dinoflagellate, and Syndiniales communities. [Results]
Diatom communities exhibited pronounced seasonal variations, with the relative abundance of
36.9% in summer and 5.5% in autumn, being dominated by Cyclotella, Skeletonema, and
Thalassiosira. Dinoflagellates showed similar relative abundance in summer (28.0%) and autumn
(28.5%), being dominated by Gyrodinium, Heterocapsa, and Gymmnodinium. Four Syndiniales
groups (group I-1V) were detected in Sanmen Bay, with higher relative abundance in autumn
(10.5%) than in summer (7.6%). Among Syndiniales, group I dominated in summer (49.1%), while
group II dominated in autumn (75.2%). Salinity, nitrate, nitrite, N:P ratio, and Si:N ratio were
identified as the main drivers of the dominant phytoplankton and Syndiniales communities.
Network analysis indicated that Syndiniales mainly interacted with diatoms and dinoflagellates,
with higher interaction frequency in autumn than in summer. Syndiniales were identified as
keystone taxa in the interaction network. [Conclusion] Seasonal succession of diatoms in Sanmen
Bay was more pronounced than that of dinoflagellates. Syndiniales groups I and II exhibited
significant seasonal succession and maintained close interactions with diatoms and dinoflagellates,
serving as key taxa in the interaction network. High-throughput sequencing overcame the
limitations of microscopy in detecting Syndiniales, providing systematic insights into the
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community features and potential interactions of dominant phytoplankton and Syndiniales in
Sanmen Bay. This study offers important insights into phytoplankton adaptation and interspecies

interactions in eutrophic coastal bays.

Keywords: diatoms; dinoflagellates; Syndiniales; interactions; Sanmen Bay
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Table 1

Geographic coordinates of the 34 sampling sites

Sampling  Longitude (E) Latitude (N) |Sampling Longitude (E) Latitude (N) | Sampling  Longitude (E) Latitude (N)
site site site

SMO1 121°3620.3"  29°13'18.6” | SMO02 121°37'17.6"  29°11'40.9” | SMO03 121°35'41.3"  29°10'20.5"
SM04 121°32'35.2"  29°8'17.1" | SMO5 121°3528.9”  29°7'51.4" | SM06 121°36'41.8"  29°8'5.1"
SMO07 121°37'57.2"  29°8'55.2" SMO08 121°37'58.3"  29°10'32.3" | SM09 121°38'51.5"  29°9'34.1"
SM10 121°38'32.6" 29°8'13.9" | SM11 121°382.9"  29°6'55.9" | SMI12 121°40'11.4"  29°8'26.6"
SM14 121°40'11.8"  29°7'45.4" SM15 121°42'45.4"  29°7'30.1" SM16 121°40'50.2"  29°3'4.6"
SM17 121°40'4.1"  29°5'14.8" | SM18 121°36'24.9"  29°2'24.1" | SM19 121°38'30.6" 29°3'8.3"
SM20 121°41'16.6"  29°4'17" SM21 121°43'28.3"  29°5'14.1" | SM22 121°45'55.4"  29°7'39.7"
SM23 121°47'56.8"  29°9"25.5" SM24 121°42'4.7" 29°2"24.7" SM25 121°44'44" 29°429"
SM26 121°43'30.6" 29°3'26.9" | SM27 121°42'53.3"  29°1'9.7" SM28 121°41'58.1"  28°59'54"
SM29 121°46'0.1"  29°2'47.4" | SM30 121°47'27.3"  29°3'39.5" | SM31 121°43'48.4"  28°59'27.2"
SM32 121°45'58.3"  29°0'27.1" | SM33 121°47'30.8" 29°1'38.1" | SM34 121°47'30.6” 29°1'38.9"
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Table 2
environmental factors between summer and autumn
in 2019

Differences in surface seawater

Environmental Summer Autumn P-value
factors Average SD Average SD
Temperature/°C ~ 28.90 0.57 19.00 0.32 <0.000 1
Salinity/%o 23.30 2.55 24.90 0.75 0.001
COD/(mg/L) 1.13 029 1.40 0.33 0.001

Phosphate/(mg/L) 0.02 0.01  0.02 0.01 0.89

Nitrite/(mg/L) 0.03 0.01  0.01 0.01 <0.000 1
Nitrate/(mg/L) 0.28 0.09 0.51 0.06 <0.000 1
Silicate/(mg/L) 1.29 044 2.03 0.24 <0.000 1
N:P 60.10  38.70 89.00 42.40 0.001
Si:N 2.27 0.76  1.99 0.21 0.07
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Figure 1

Relative abundance and distribution of diatoms and dinoflagellates in Sanmen Bay. A: Relative

abundance of diatoms and dinoflagellates (W9: Summer; W11: Autumn); B-C: Relative abundance of diatoms

and their major genera in summer (B) and autumn (C); D-E: Relative abundance of dinoflagellates and their

major genera in summer (D) and autumn
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Figure 2 Community compositions and distribution patterns of Syndiniales in Sanmen Bay. A: Composition and
phylogenetic analysis of Syndiniales (The inner and outer heatmaps indicate the relative abundance of each ASV
in summer and autumn, respectively. The stacked bar chart in the upper right shows the relative abundance of the
four Syndiniales groups within the Syndiniales community); B—C: Distribution of Syndiniales in summer (B) and

autumn (C).
A wilh - . | PERMANOVA: B PERMANOVA:
) . [ PPN i ] R>=0378 1 R=0.3747
wordl— ¢ J P-value=0.001 | P-value=0.001
o 03r ® e &
R % . °g 3
b Qg 5 ©
T 00F---B------ P 8...... —
S S e S
> ® 5o o8 £
=031 Bog°
oW9 :
oWIll1 ; .
—0.6 £ : . ; : . . il
-0.5 0.0 0.5 =075 -0.50 -0.25 000 025 @®
PCoA1 (45.07%) PCoA1 (42.84%)
C D & &
[ © oo it | PERMANOVA: & & F e @&
oy [ T R2=0.369 9 S&S @Qé@é&’” -;\@{0%8 2
worsEs=— | pvalues0.001 & 8 O 8 = 2
: — o\\ 0 |18 | 2 o |71 | Temperature
04l £ : : = Salinity
= oo ;
= ; 048
5 & 05 059, ! cob
) 0.0F}-- _gooo ------- ®e. .. a.:\;%" - Phosphate
2 ; 3 : i
@0 1trite
S o8, w9
-0.4 o0 oW9 Nitrate
Wil .
: = b oda Silicate
=050 0.25 000 025 0500 NP
PCoA1 (39.46%)
Si:N

P4 actamicro@im.ac.cn, 7 010-64807516



WWH | AR, 2026, 66(7)

3459

E3 fE. FEMEREREIEHEFNENLREENESR

Temperature
Salinity
COD
Phosphate
Nitrite
|| Nitrate
Silicate
Mantel’s r
N:P
— ()3
Si:N
= 0.3-0.5
= =(.5
Mantel’s P
= = P<0.05
i Temperature st
Salinity Spearman’s »
1.0
cop -
0.5
Phosphate
0.0
Nitrite
-0.5
Nitrate
-,
Silicate )
N:P — Negative
Si:N — Positive

Figure 3  Seasonal variation and driving factors of diatom, dinoflagellate, and Syndiniales communities. A-C:

PCoA analysis of community structure of diatoms (A), dinoflagellates (B), and Syndiniales (C) (Boxplots show
the contribution of PCoAl and PCoA2 to the variation of diatom and dinoflagellate communities); D - F:

Correlation between community structure and environmental factors of diatoms (D), dinoflagellates (E), and
Syndiniales (F). *: P<0.05, **: P<0.01, ***: P<0.001. W9: Summer; W11: Autumn.
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Figure 5 Co-occurrence networks of diatom, dinoflagellate, and Syndiniales. A—B: Interaction networks of
diatom, dinoflagellate, and Syndiniales in summer (A) and autumn (B). Pink and green lines represent positive
and negative interactions, respectively; Node size is proportional to node degree. W9: Summer; W11: Autumn.
M1-M4: Module 1-4.

http://journals.im.ac.cn/actamicrocn



3462 FENG Yumeng et al. | Acta Microbiologica Sinica, 2026, 66(7)

Diatom

Chaetoceros Ditylum Radial-centric-basal
M Conticribra W Minidiscus I Raphid-pennate
M Cyclotella W Minutocellus W Skeletonema

M Cylindrotheca B Polar-centric-Mediophyceae M Thalassiosira

Dinoflagellata

W Alexandrium

M Dinophyceae
Gymnodiniaceae

W Gymnodinium

M Gyrodinium

B Heterocapsa

A 100

3
W
T

=
kS,
Q
g
ERR; ini
5 W Islandinium
= [ Scrippsiella
(0]
'% 25t . . Syndiniales
E m I Group |
JE T [ [ I B I B Group 11
i;l;.——=_==!_II_lI!! B = = M Group 111
N T om0 N TN O~ PPN NN TN O~ 00 — ol o
A A A = = A AN NN RN A MO MO
Sampling site
Diatom Syndiniales
Chaetoceros M Raphid-pennate Group |
B Minidiscus M Skeletonema Group I1
B Minutocellus ~ W Thalassiosira M Group III
M Polar-centric-Mediophyceae
B ]00' — | — | — | — — |
[ ] = Dinoflagellata
Akashiwo
© W Dinophyceae
S 75t M Euduboscquella
% Gymnodiniaceae
s W Gymnodinium
2 50t W Gyrodinium
N . W Heterocapsa
2 H m Heterocapsaceae
< | — P
= e | | — = - M Karlodinium
° 25 I = = mm - - — = I M Prorocentrum
I- -II i I III— I III I = Iil Proterythropsis
§ B . || || | H l M Thoracosphaeraceae
TANNTNOE0DNO —~— AN NTNON0RNOD —~ANNTNONSN0RND — At
e A S e A S = = A AN AN A AN AN AN AN NN NN
Sampling site
C D
0.251 700 —e— Group | —e— Group IT Group IIT
0.21 600 -
5
g -
=
=
g L
£
<
o -
2
=
= L
=1

. L
1 9, h
—ANNTVNO-0OND—ANNTNO-0NOD —~AN N T VO
—_ e — I

Sampling site

P4 actamicro@im.ac.cn, 7 010-64807516



LN % | SRk, 2026, 66(7)

3463

E 700
600 |-

—e—Group [

94

S

(=}
T

Frequency

——Group II

Group III

||||||||||||||||||

— e —

Sampling site

El6 FLILMLEhFPLE AL

— e —

2

21
22
23
24
25

Figure 6 Composition of co-occurrence networks. A—B: Network composition at genus-level in co-occurrence

networks in summer (A) and autumn (B); C: Proportion of Syndiniales in summer and autumn (W9: Summer;

W11: Autumn); D-E: Relative abundance trends of Syndiniales group 1, group II, and group III in summer (D)

and autumn (E).
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