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Abstract — This study describes the spatial distribution of dinoflagellate cyst assemblages from the fishing ports
along Jeju Island. Surface sediment samples from 22 stations revealed the occurrence of 29 species involving the
Groups Protoperidinioid (44.8%), Gonyaulacoid (31.0%), Calciodineloid (10.3%), Gymnodinioid (6.9%), Diplosa-
lid (3.5%) and Tuberculodinioid (3.5%). The cyst abundance recorded here is very low (13~220 cysts g-dry™) as com-
pared to Korean coastal regions. The abundance of heterothophic cysts increased in several fishing pots with fine
sediments and anthropogenic tidal pools. And cyst abundance was well correlated with the grain-size composition
of surface sediments. The dinoflagellate cyst assemblages in Jeju fishing ports were characterized by the dominant spe-
cies, cyst of Gymnodinium sp., cyst of Pyrodinium bahamense and cyst of Scrippsiella trochoidea in 2012, Proto-
peridinium sp. (Brigantedinium sp.), cyst of Scrippsiella sp./trochoidea and cyst of Gymnodinium sp. in 2014, and
Protoperidinium sp. (Echinidinium sp. and Brigantedinium sp.) in 2016. The advent of the toxic dinoflagellate,
Pyrodinium bahamense were recorded for the first time in Jeju coastal waters. As a results, we are determined
should be to monitoring and management measures for new toxic dinoflegallates from tropical or subtropical reigions
and anthropogenic tidal pools by industrial activities.

Keywords: Dinoflagellate cysts(2}H R ZF A|AE), cell density(X] 3 ), autotrophic and heterotrophic
dinoflagellates(5 3 2 &< 2131 2 Z7), dominant species(--7 %), Jeju fishing ports(Al 5 &), Pyrodinium
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Table 1. The list of ocurred dinoflagellate cysts species around Jeju Island

Species name Sampling Date
Biological Name Palacontological Name Sept. 2012 Nov. 2014 June 2016
Autotrophic species (Plate 1)
Calciodineloid Group
Scrippsiella crystallina cyst of Scrippsiella crystallina + +?
Scrippsiella trochoidea cyst of Scrippsiella trochoidea +
Scrippsiella sp./spp cyst of Scrippsiella sp./spp + + +
Gonyaulacoid Group
Gonyaulax scrippsae Spiniferites bulloideus + +
Gonyaulax membranaceus Spiniferites membranaceus +
Gonyaulax verior cyst of Gonyaulax verior +
Gonyaulax digitalis Spiniferites bentorii +
Gonyaulax sp. 1 (unknow) Spiniferites hypercanthus +
Gonyaulax sp. 2 (unknow) Spiniferites delicatus +
Lingulodinium polyedrum Lingulodinium machaerophorum + +
Protoceratium reticulatum Operculodinium centrocarpum +
Pyrodinium bahamense Polysphaeridinium zoharyi + +
Gymnodinioid Group
Gymnodinium catenatum cyst of Gymnodinium catenatum + + +
Gymnodinium sp. cyst of Gymnodinium spp. + + +
Tuberculodinoid Group
Pyrophacus steinii Tuberculodinium vancampoae + +
Heterotrophic species (Plate 2)
Diplosalid Group
Oblea acanthocysta Oblea acanthocysta +
Protoperidinoid Group
Protoperidinium claudicans Votadinium spinosum +
Protoperidinium conicoides Brigantedinium simplex +
Protoperidinium conicum Selenopemphix quanta + +
Protoperidinium denticulatum Brigantedinium irregulare +
Protoperidinium minutum cyst of Protoperidinium minutum + +
Protoperidinium sp. 1 Brigantedinium asymmetricum +
Protoperidinium sp. 2 Brigantedinium spp. + + +
Protoperidinium sp. 3 Echinidinium delicatum +
Protoperidinium sp. 4 Echinidinium granulatum +
Protoperidinium sp. 5 Echinidinium sp. + +
Protoperidinium sp. 6 Islandinium brevispinosum + +
Protoperidinium sp. 7 Islandinium minutum + +
Protoperidinium sp. 8 Islandinium spp. +
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Plate 1. Photomicrographs of autotrophic dinoflagellate cysts recorded from Jeju Island. 1: Gonyaulax digitalis (Spiniferites bentorii), 2:
Gonyaulax sp.1 (Spiniferites hypercanthus), 3: Gonyaulax sp2. (Spiniferites delicatus), 4: Gonyaulax membranaceus (Spiniferites membra-
naceus), 5: Gonyaulax scrippsae (Spiniferites bulloideus), 6: Gonyaulax verior, 7: Gymnodinium catenatum, 8: Lingulodinium polyedrum
(Lingulodinium machaerophorum), 9: Lingulodinium machaerophorum (Lingulodinium machaerophorum) 10: Protoceratium reticulatum
(Operculodinium centrocarpum) 11: Pyrodinium bahamnese (Polysphaeridinium zoharyi), 12: Pyrophacus steinii (Tuberculodinium van-
campoae), 13: Scrippsiella sp., 14. Scrippsiella sp. cf. trochoidea. The name in ( ) showing palaeontological name. (scale bar : 50 um).
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Plate 2. Photomicrographs of heterotrophic dinoflagellate cysts recorfed from Jeju Island. 1: Oblea acanthocysta (Oblea acanthocysta), 2:
Protoperidinium claudicans (Votadinium spinosum), 3: Protoperidinium conicoides (Brigantedinium simplex), 4: Protoperidinium conicum.
(Selenopemphix quanta), 5: Protoperidinium denticulatum (Brigantedinium irregulare), 6: Protoperidnium minutum, 7: Protoperidinium sp.1
(Brigantedinium asymmetricum), 8: Protopeidinium sp. 2 (Brigantedinium sp. 1), 9: Protoperidinium sp. 2. (Brigantedinium sp. 2), 10: Pro-
toperidinium sp. 3 (Echinidinium delicatum), 11: Protoperidinium sp. 4 (Echinidinium granulatum), 12: Protoperidinium sp. 5 (Echinidinium
sp.), 13: Protoperidinium sp. 6 (Islandinium brevispinosum), 14: Protoperidinium sp. 7 (Islandinium minutum), 15: Protopeidinium sp. 8
(Islandinium sp.). The name in () showing palacontological name. (scale bar : 50 um).
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Fig. 4. Spatio-temporal distributions of dinoflagellate cyst density and it’s ratio of autotrophic and heteritrophic species around Jeju Island.

Table 2. Dominant species and dominance (%) of dinoflagellate cysts around Jeju Island

Dominant species

Year

Species name Dominance (%) Species name Dominance (%) Species name Dominanc (%)
2012 cyst of Gymnodinium sp. 23.0 cyst of Pyrodinium bahamense 15.6 cyst of Scrippsiella trochoidea 11.6
Protoperidinium sp. 2 L cyst of Gymnodinium sp. 13.2
2014 (Brigantedinium sp.) 225 cyst of Serippsiella sp. 18.7 cyst of Scrippsiella trochoidea 10.0
2016 Protoperidinium sp. 5 26.0 Protoperidinium sp.2 202

(Echinidinium sp.) (Brigantedinium sp.)
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Fig. 5. Spatio-temporal distributions of water content around Jeju Island.
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Table 3. Eigen value, proportion, eigen vector and loading factor by PCA on the dinoflagellate cysts around Jeju Island in 2016
Principal Component Ist 2nd 3rd
Eigenvalue 4.510 2.728 2312
Proportion(%) 30.1 18.2 15.4
Accumulative proportion(%) 30.1 48.3 63.7
. Loading Factor Eigen vector
P ters (Abb: t Fig. 6
arameters ( reviation in Fig. 6) Tt nd d st 7nd d
Sediment temperature (ST) 0.260 -0.751 0.431 0.055 0.046 -0.375
Water content (WC) 0.375 0.478 0.511 0.081 0.265 0.090
Salinity for bottom waters (SBW) 0.068 0.689 -0.340 0.011 0.022 0.425
Chlorophyll a (Chl-a) 0.085 0.694 -0.106 0.048 0.069 0.231
Autotrophic dinoflagellate (AD) 0.097 0.354 0.827 0.034 0.327 -0.123
Heterotrophic dinoflagellate (HD) 0.972 0.108 -0.090 0.217 -0.036 0.026
cyst of Scrippsiella sp. (Ssp) -0.220 0.048 0.771 -0.062 0.386 0.051
cyst of Gonyaulax scrippsae (Gsri) 0.941 0.001 0.108 0.212 0.034 -0.042
cyst of Lingulodinium polyedrum (Lpol) -0.113 0.529 0.060 -0.004 -0.035 -0.101
cyst of Pyrophacus steinii (Pyst) -0.193 0.284 0.583 -0.023 0.300 0.015
cyst of Protoperidinium conicoides (Pcon) -0.191 0.445 -0.110 0.006 -0.075 -0.095
cyst of Protoperidinium minutum (Pmin) 0.911 0.013 0.100 0.208 0.038 -0.030
cyst of Protoperidinium sp. 2 (Psp2) 0.940 -0.229 0.022 0.209 -0.033 -0.105
cyst of Protoperidinium sp. 4 (Psp4) -0.059 0.396 -0.015 -0.021 -0.016 0.050
cyst of Protoperidinium sp. 5 (Psp5) 0.773 0.268 -0.272 0.135 -0.057 0.181
PC2 PC 2
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Table 4. The records of dinoflagellate cysts abundance and species number from the Korean coastal waters and Indian ocean

Study arcase Species Abundance Dominant species ("cyst of" in front of References
Y Numbers  (cysts/g dry)  species name were omitted)
Busan harbour 22 210~869 Gonyaulax scrippsae Kim et al. [2005]
11 48~1,279* Protoperidinium group Lee and Yoo [1991]
Jinhae-M; B idini
inhae-Masan Bay 2 627~5.026*% Protoper'w{znzum group Lee et al. [1998]
Gymnodinium group
Scrippsiella trochoidea
25 130~2,165* Scrippsiella sp. Kang et al. [1999]
Tongyeong coasts Protoperidinium minutum
47 1,000~8,000 ~ Convaulax group Pospelova and Kim [2010]
Diplopsalis group
Geoje coast 30 s528-2,834  Alexandrium affinis Shin et al. [2007]
A. catenella/tamarense
Gonyaulax scrippsae .
Gwangyang Bay 30 115~2,188 Gonyaulax sp. (Spiniferites delicatus) K¥m et al. [2003a, b]
. I Kim ez al. [2009]
Alexandrium sp. (ellipsoid)
31 26-1365 *  Gonvaulax spinifera Lee et al. [1999]
Protoperidinium minutum
South Sea  Gamak Bay 37 21~4,322 Protoperidinium americanum Park and Yoon [2003]
Alexandrium affinis
35 446~892 A. catenella/tamarense Shin et al. [2011]
Protoperidinium cf. minutum
Alexandrium affinis
Yeoja Bay/Bokdol-bada 35 331~1,276 A. catenella/tamarense Shin et al. [2011]
Gonyulax group
33 13~527 Gonyulax group Shin et al. [2007]
Protoperidinium group
western parts G lax scrippsae
% onyau.
33 16~1,501 Serippsiella trochoidea Park et al. [2008]
21~363* Gonyaulax sp. Lee and Matsuoka [1996]
37 184~2.,600 Alaxandrium cgtenella/tamarense Cho et al. [2003]
central parts Gonyaulax scrippsae
Gonyaulax scrippsae
31 42~2,880 Serippsiella trochoidea Park et al. [2005]
Jeju coasts 30 13~220 Gy mnOdlf”.mfl SP- Present study
Protoperidinium group
Saemangeum 32 6~1,618 Alaxandrium catenella/tamarense Park et al. [2004]
South parts 41 363~7,566 Gonyaulax scrippsae Cho and Matsuoka [2001]
West Sea Gonyaulax scrippsae
(Yellow Sea) Central parts 25 114~20,828 Gonyaulax spinifera Hwang et al. [2011]
Alexandrium spp. (ellipsoidal)
_ Gonyulax group
Eastern parts 23 2~1,276 Protoceratium reticulatum Hwang et al. [2009]
East including Jeju off 21 6~3,645 Gonyaulax scrippsae Cho et al. [2004]
China Sea  Northern parts 41 0~772 Gonyaulax scrippsae Cho and Matsuoka [2001]
Sabah, Malaysia 2~441 Pyrodinium bahamense/compressum  Furio et al. [2006]
. Indis West off (Mumbai) 32 36~269 Polykrikos spp D' Costa et al. [2008]
Indian Protoperidinium group.
Ocean Protoceratium reticulatum
South-east coasts of India 24 29~331 Lingulodinium polyedrum Narale et al.[2013]
Gonyaulax group
*marks is indicate cysts/cm® units
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Fig. 8. Regression equations between dinoflagellate cyst abundance
and water content around Jeju Island in 2012, 2014 and 2016.
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