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Tab.l Information of the sampling stations in Meishan Bay
/E /N /m
S1 122°2'13.344" 29°49'43.032" 2.2
S2 121°59'13.452" 29°48'51.624" 8.0
S3 121°58'0.659" 29°48'0.216" 9.5
S4 121°56'45.708" 29°46'55.993" 6.2
S5 121°55'8.616" 29°45'21.744" 5.1
121°54'52.632" 29°44'4.74" 4.6

S6




147

1.3

- (Shannon-Wiener

diversity index, H")(Shannon et al, 1949)

(Pielou’s evenness index, J")(Pielou, 1969)

'= _Zil (pilog,p;)
— H'
- log, S’
(Y>0.02) ,

. i i
IBM SPSS Statistics 23
(ANOVA)
, Surfer 15

Origin Pro 2021

2.1

121°54'

29°54'N 122°0F

29°48'

29°42'

FE(cystsig)
e & e 100~400
*® 401~600
@ 601~800

801~1100
122°0'E

29°36'
121°54'

2

121°54'

121°54'

ey
)

3)

37, 18

10 7 2

, 11~23

237~1 054 cysts/g,

606 cysts/g, S3
(1 054 cysts/g), S6

Thoracosphaerales

(237 cysts/g)

( 2a) (368 cysts/g)
(106 cysts/g) (110 cysts/g)
1.63~2.47, S1 , S3
( 2b); 0.58~0.82, S6 ,S2
( 20 (Protoperidinium
sp.) (Protoperidinium americanum)

(Diplopsalis lenticula)

(Alexandrium minutum) (Gymnodinium

catenatum) (Scrippsiella trochoidea),

2 . 37
19 , 16 )

2 (Matsuoka, 1999; s
2007a; , 2011; Price et al, 2017; ,

2017; Tian et al, 2018; ,2019; ,2019)
( 2,
(Pyrodinium bahamense var. bahamense) ( )

122°0E 121°54' 122°0E

29°54'N

129°48'

129°42'

a
o 1.50~1.70 . *, ¢ 0.50~0.60
® 1.71~1.90 @ 0.61~0.70
1.91~2.50 0.71~0.90
® ® 29°36'

122°0'E

121°54'

(b)

122°0'E

(©)

Fig.2 Relative abundance (a), Shannon-Wiener diversity index (H’) (b) and Pielou’s evenness index (J) (c) of dinoflagellate cysts in
different stations of Meishan Bay
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3
Fig.3 Photographs of partial dinoflagllate cysts in the surface sediments from Meishan Bay
:a~b: S ( ) ;5 d: ;e ; ;g 5 h~i: R
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Tab.2 Information and distribution of dinoflagellate cysts in surface sediments of the Meishan Bay

S1 S2 S3 S4 S5 Sé6
o Protoperidinium sp. - 37 19 52 50 101 36
o Protoperidinium sp. Brtgantedmmm - 11 2 0 0 0 0
irregulare
e Trinovantedinium
o Protoperidinium sp. capitatum Reid - 6 0 2 0 0 0
o Protoperidinium - 53 34 44 13 16 13
americanum
Peridiniales ° Protoperidinium Briga.ntedin ium B 6 2 0 0 0 0
avellana cariacoense
o* Protoper.ldlnlum Votadinium spinosum - 6 0 0 0 0 0
claudicans
ok Protopef’zdmzum Selenopemphix _ 6 0 0 0 0 0
conicum quanta
° Protoperidinium Brigantedinium - 0 0 0 9 4 0

conicoides simplex
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S1 S2 S3 S4 S5 S6
Protoperidinium . .
o denticulatum Brigantedinium sp. - 6 0 0 0 0 0
o Pro?ope.rldmmm Xandaifadl.mum B 6 0 3 0 4 7
divaricatum variabile
o* Protoperidinium leonis Quinquecuspis - 0 3 4 7 0 0
concreta
o Protoperidinium Brigantedinium sp. - 6 0 0 0 0 0
punctulatum
o Protoperidinium Brlga'nledmmm B 6 0 0 0 4 0
o pentagonum majusculum
Peridiniales ok Protoperidinium Selenopemphix B 6 0 0 0 0 0
subinerme nephroides
o Dubridinium
o Zygabikodinium sp. ulsterum - 0 0 0 5 0 0
o Zygab.lkodlmum Dubridinium B 27 0 15 0 4 0
lenticulatum caperatum
o Archaeperldlnlum B 0 0 0 1 % 0
minutum
o Diplopsalis lenticula - 95 381 453 284 235 71
v Atlalntzhcodzmum B 9 5 0 0 0 10
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N Pyrodinium bahamense Polyspaerqumm PSP 0 0 3 5 0 4
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Gonyaulacales . Gonyaulax Spiniferites - 0 0 2 0 0o 0
membranacea membranaceus
o Gonyaulax digitale Spiniferites bentori - 0 0
o Gonyaulax spinifera Spiniferites ramosus ~ YTX 0 16
¥ / .
Alexandrium PSP 0 2 3 5 4 7
tamarense/catenella
o* Alexandrium minuum — A1FAUMPIpep g5 303 75 16 29
(globe)
o Polykrikos schwartzii - 6 0 0 0 8 0
o+ Pheopolykrz‘k‘os 0 0 0 0 0 0
hartmannii
o Gymnodinium PSP 164 91 99 29 43 49
catenatum
Gymndinium
Gymnodiniales o¥ impudicum - 0 12 44 13 4 0
° Cochlodinium sp.1 - 0 0 4 7
° Cochlodinium sp.2 - 0 0 0 0
v Margalefidinium - 32 18 0 s 0 0
polykrikoides
. Scrippsiella sp. - 6 3 0 0 0 0
o Scrippsiella trochoidea 48 35 8 9 31 0
Thoracosphaerales
23 18 15 15 16 11
/(cysts/g ) 589 694 1054 543 518 237
. ccg3 . cepee R . ces - PSP S YTX
(Alexandrium tamarense/catenella ) hartmannii)
, (Tang et al., 2012)
(Protoceratium reticulatum) 2.2
(Lingulodinium polyedrum) (Gonyaulax (  2a, 4a);

spinifera), (Pheopolykrikos
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Fig.4 Average abundance and species composition of dinoflagellate cysts at the inner and outer stations of Meishan Bay (*: P<0.05)
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Tab.3 Relative informative of dinoflagellate cysts in surface sediments along Chinese coasts

/ / / /(cysts/g)
2022 12 37 16 19 237~1 054 1.63~2.47  0.58~0.82
2020 38 297~996 3.65 0.93 , 2022
2018 4 25 — — 178.6~386.3 2.06~2.34 0.71~0.81 ,2022b
2016 11 22 14 8 70.6~136.4 1.70~2.38  0.64~0.84 ,2022a
2015 7 39 20 17 2.84~3.91  0.75~0.98 ,2017
2(;14 g 4 27 14 13 2~33 0.92~3.10 — ,2016
2013 15 9 6 87~775 — — — ,2019
2009 6 /
2010 28 545~3 567 1.77~3.31 — ,2011
4~5
2007 4
2008 50 — — — — — — ,2011
3
Hg (0.73 mg/kg) (0.11 mg/kg) ,
(0.04 mg/kg) (0.04~0.05 mg/kg) ( , 2009),
(0.07 mg/kg) (0.07 mg/kg), Hg ( , 2018),
(Wang et al, 2017; Jiang et al, >
2018; Li et al, 2018; Zhao et al, 2018; Ding et al, 2019; ( , 2009; , 2022)
Hao et al, 2019; Zhang et al, 2020), ( 112 cysts/g) ,
«C )
(Anderson et al, 2012),
) ( , 2017)
( , 2016; )
,2016) (Likumahua et al,
3.2 2021) ,
16 9 ( )
(PSP) 2021) ,
( ) ( , 2012),
(Suzuki et al, 2003; Usup et al, 2012; Gu et (
al, 2013; Zou et al, 2014; Lewis et al, 2018), PSP , 2020),
: : ( ,2021) :
( %= 2023 , ,
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DISTRIBUTION AND DIVERSITY OF DINOFLAGELLATE CYSTS IN SURFACE
SEDIMENTS IN MEISHAN BAY, ZHEJIANG

LENG Tian-Ze', GUO Zhuo-Ran', SHAO Qian-Wen?, LU Dou-Ding', DAI Xin-Feng'
(1. Second Institute of Oceanography, Ministry of Natural Resources, Key Laboratory of Marine Ecosystem Dynamics, Hangzhou
310012, China; 2. Ningbo institute of Oceanography, Ningbo 315832, China)

Abstract

eutrophication. Previous studies on the distribution of dinoflagellate cysts have predominantly focused on open waters and

Dinoflagellate cysts can serve as seed banks for algal blooms and be also used to indicate water

natural bays, with fewer investigations conducted in semi-enclosed artificial bays. Meishan Bay was once an open bay and
accessible from the north and south, and underwent a transformation into a semi-enclosed artificial bay following the
construction of dams from 2012 to 2017. In this study, six surface sediment samples were collected from the inner and
outer waters of the bay. A total of 37 species of dinoflagellate cysts were identified in abundance ranging from 237 to 1 054
cysts/g. The average cyst abundance was higher in the inner water than in the outer water due to the decreases in suspended
matter content, hydrodynamics, and sedimentation rate, and the increases in water transparency and the water
eutrophication inside the bay. The Shannon-Wiener diversity index(H') ranged between 1.63~2.47, and Pielou’s evenness
index(J") ranged between 0.58~0.82. Both indices were significantly higher outside than inside of the bay, reflecting lower
ecosystem stability and a higher possibility of red tides inside the bay. A total of 16 species capable of causing red tides
and 8 toxic species of dinoflagellate cysts were identified in this study. Both the percentage of abundance and species
number of toxic and red tide dinoflagellate cysts were higher inside the bay than outside. Dominant species included
Protoperidinium sp., Protoperidinium americanum, Diplopsalis lenticula, Alexandrium minutum, Gymnodinium catenatum,
and Scrippsiella trochoidea. The construction of dams not only exacerbated the disparity in dinoflagellate cysts in surface
sediments between inner and outer regions of the bay but also increased the risk of toxic and harmful red tides within the
bay. Therefore, monitoring toxic and harmful dinoflagellate within the bay shall be strengthened in the future.

Key words harmful algal blooms; the effect of construction of dam,;

semi-enclosed artificial bay; dinoflagellate

cyst



