The Joumal of the Oceanological Society of Korea
Vol 26. No.4. pp. 34-312. December 1991

Distribution of dinoflagellate cysts in Masan Bay, Korea
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The distribution of dinoflagellate cysts have been investigated at 6 stations in Masan Bay, a well-
known area of red tide in the southem ocoastal waters of Korca. from May 1986 to March 1987.
During the study. a total of 11 species in dinoflagellate cysts were isolated from surface sediments.
representing 6 genera, 9 species and 2 unidentified species. The standing crops of dinoflagellate cyst
varied extensively by month and station: ranging from 48 to 1279 cells/om’ and showing major
peaks in July, August and February. At stations. the distribution was most abundant at st. 4 (mouth
of the bay), whereas it was very low at st 1 (inner bay), where motile cell’s blooms occur throughout
the year. Thus. It is speculated that the distribution between the plankion and cyst populations of
dinoflagellates show the different temporal and spatial patterns in a semi-closed bay like this survey
area.
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INTRODUCTION

The southern part of the Korean Penninsula
shows submerged topographic features and so has
many bays in which shallow water is prevalent
Especially Masan Bay has been known to be an
important spawning and nursing ground for fish
and shellfish for many years. However it has rece-
ntly become notorious for its eutrophication and
frequent red-tides due to the establishment of an
industrial complex around the bay since the 1970s.
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This red-tide sometimes causes serious damages
to cultured shellfish and other living orgamisms
therein.

Since the first investigation of red tide occurre-
nce in this area was reported (Park and Kim.
1967). red tide organisms have been changing from
diatoms to dinoflagellates or other flagellates year
by year. Among these. the taxonornical and ecolo-
gical studies of dinoflagellates in Masan Bay have
received ever increasing attention (Han and Yoo.
1983a, b: Yoo and Lee. 1986; Lee and Kwak, 1986:
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Fig. 1. Sampling stations for dinoflagellate cyst studies
in Masan Bay, Korea.

Park er al., 1989; Lee and Yoo, 1990). Other resear-
chs discussed the physiological ecology of genus
Prorocentrum (Kim, 1986a, b) and the trophical re-
lationship between dinoflagellates and tintinnids
(Yoo and Lee, 1987).

In general, the dinoflagellate is known to pro-
duce its cyst, which is called a dinoflagellate cyst,
for dormancy in bad environmental conditions
and/or overwintering (Steidinger, 1975; Wall, 1975;
Anderson and Wall, 1978). So it is very important
to investigate cyst dynamics as well as plankton
dynamics, because the cyst plays a significant role
as a seed populaton of dinoflatellate blooms (Reid,
1972; Lewis et al., 1979; Anderson et al., 1982; Tyler
er al.. 1982; Balch er al., 1983; Anderson and Kea-
fer, 1985; Kobayash e al., 1986). Since dinoflagel-
late cysts have recently been discovered in the sur-
face sediments of Masan Bay, our efforts have con-
centrated on clarifying the distribution and dis-
persion of dinoflagellate cyst (Lee, 1987; Kim e
al.. 1990). There, however, are still many gaps in
our knowledge. Thus, the present study was car-

ried out to clarify the distribution of dinoflagellate
cysts and the relationship of the dynamics between
the motile cell (=plankton) and its cyst in Masan
Bay.

MATERIALS AND METHODS

Plankton and cyst samples of dinoflagellate
were collected monthly at six stations in Masan
Bay from May, 1986 to March, 1987 (Fig. 1). Plan-
kton was sampled using Van Dorn water sampler
at surface and bottom layers. Laboratory analyses
of samples followed the methods as described by
Yoo and Lee (1985).

For cyst study. sediment samples were collected
using the core sampling method with a modified
van Veen grab and hand core sampler. Cores were
preserved at 4C on board and transfered to a la-
boratory for cyst isolation and germination expen-
ments. The upper 2cm of each core was extru-
ded and cxamined to cstimate total cyst abun-
dance at each station. Cysts were isolated with in
24 hours after sampling using Fukuyo’s method
(1980). The isolated samples were divided into
two parts. Of these. one part was refrigerated for
the germination study, while the other was fixed
with 5% neutral formalin for quantitative and qual-
itative analyses.

For qualitative study. dinoflagellate cysts were
identified and classified using the systematic treat-
ment of Matsuoka (1987). Germination experimen-
ts were also done as a part of qualitative study.
Living cysts, which have markers for impending
germination such as the red auto-fluorescence,
were isolated and incubated with filtered sea water
or F/10 medium in 14 : 10 (Light : Dark) cycle
for 1-2 weeks (Anderson and Wall, 1978). For quan-
titative study, both living cyst and empty cyst
were counted using a Sedgwick-Rafter counting
chamber and calculated to [cells/cm’], in terms
of standing crops of dinoflagellate cyst.

RESULTS AND DISCUSSION

Species composition

During the survey, 11 species of dinoflagellate



306

Table 1. Theca<cyst correlations of dinoflagellates isola-
ted from Masan Bay during this study penod.

Joon-Back lLee and Kwang-ll Yoo

Theca nomenclature

Cyst nomenclature

Gymnodiniaceae
Gyrodinium sp.?

Polyknkaceae
Polykrikos kofoidii
Polvkiikos schwarzii

Gonyaulaceae
Alexandrium sp. (lamarense?)

Pyrophacaceae
Pvrophacus  steinii
var. vancampoae

Peridiniaceae
Protoperidinium  concium
Protoperidinium latissimum
Protoperidinium leonis
Protoperidinium oblongum
Protoperidinium pentagonum
Zyvgabikodinium lenticulatum

Gymnodinioid Lineage
not named

not named
not named

Gonyaulacoid Lineage
not named

Tuberculodinioid Lineage
Tuberculodinium vancampoae

Peridinioid Lineage
Selenopemphix quanta
not named
Lejeunecysta concreta
Votadinium carvum
Tri dinium cay
Dubridinium caperatum

cyst were identified, representing 6 genera, 9 spe-
cies, and 2 unidentified species (Table 1). These
species comprised 3 unarmored dinoflagellate cysts
and 8 armored dinoflagellate cysts. The cysts of
Polykrikos kofoidii, Polykrikos schwartzii and Gyrodi-
nium sp. belong to the unarmored group (Plate
I, 1-3), and the rest to the armored group (Plate
1, 46; Plate 11, 1-6). Of these, Protoperidinium cysts
were dominant in species composition as well as
in cyst abundance (Plate II, 1-6). The cyst of toxic
Alexandrium sp. (tamarense?) was also found (Plate
1. 4). The Protoperidinium oblongum cyst was iden-
tified from motile cells germinated by single-cyst
incubation experiments (Plate II. 1, 2). Two or th-
ree more species were also germinated but uniden-
tified due to loss of the motle cells Each dino-
flagellate cyst showed the different germination rate
depending on its germination ability. Protoperidi-
nium cysts were generally easier to germinate than
the others.

Kim er al. (1990) reported that eight species, pro-
ducing benthic cyst and comprising 6 Dinophy-
ceae and 2 Raphidophyceae, had caused a bloom
in this study area from March to September since
1982. Among these species, the cyst of Gyrodinium

sp. and Alexandrium sp. were the only ones found
during this study period, but the cysts of Scrippsie-
lla trochoidea, Heterocapsa miquetra, Cochlodinium
sp.. and Pheopolykrikos harmanii were not found.
Lee et al. (1991) observed 16 dinoflagellate cysts
from surface sediment in Chinhae Bay which inc-
luded this study area. We think that if the obser-
vation fields were expanded. more cyst could be
isolated.

In Omura Bay of Japan, a total of 27 cyst were
found, and the cysts of Polykrikos schwartzii, Pheo-
polykrikos hartmanii and Pyrophacus steinii domina-
ted throughout the stations (Kobavashi er al.. 1986).
However they reported that the dominant species
in plankton were different from those in cysts.
which is similar to our result. In our result, there
were some differences between cyst assemblage
and plankton assemblage in species composition
and dominance ranking. It can be explained by
following : all dinoflagellates canrnot produce their
own cysts. and additionally, cyst-producing dinof-
lagellate might not have readily a cyst stage in
its life cycle within different environments (Koba-
yashi er al. 1986).

Cyst distribution

The abundance of both living and empty dino-
flagellate cyst fluctuated extensively by month and
station, ranging from 48 to 1279 cells/cm®. The
average of all stations was 400 cells/cm’. Empty
cysts included 60-70% of the total abundance and
generally were more abundant than living cysts
in all stations. On monthly distribution, it showed
major quantitative peaks above 1,000 cells/cm’® in
July, August, and February at only st. 4 (Fig.2).
As shown in Fig.2, cyst abundance was lowest
at st. 1 in the inner bay and relatively lower at
st. 5, 6 in the outer bay, but st. 4 at the mouth
of bay showed the highest abundance. It suggests
that the opening part of the bay plays a role as
seeding region for cysts in the study area. The
plankton dynamics, however, reveal that the inner
bay showed the most abundance of dinoflagellate
in all stations throughout the year (Lee and Yoo,
1990), even though it showed the lowest cyst abun-
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dance. So the inner bottom of this bay seems to
provide a bad environment for cysts due to anoxy
condition observed in this bottom sediments for
many months from spring to summer (Anderson
and Keafer, 1985; Yang and Hong, 1988).

As a result, dinoflagellate cyst was distributed
more abundantly in the opening part of the bay
than in the other parts of the bay. Thus the dyna-
mics of seed population were different from that
of plankton population with respect to blooming
season and blooming area. It is considered that

Monthly distribution of dinoflagellate cysts in the surface sediments of Masan Bay from May, 1986 to March,

this result was attributed to the hydrographic cha-
racteristics of a semi-closed bay like Masan Bay.

Relationship between plankton and cyst dynamics

Table 2-shows the genera of dinoflagellates
which can produce benthic cyst throughout their
life cycles (Matsuoka er al. 1989). In this survey,
7 occurred genera belonged to these, comprising
mainly the marine dinoflagellates with armored
and unarmored forms. Most genera were the ar-
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Table 2. The genus of marine dinoflagellates producing
a cyst for life cycle (after Matsuoka er al., 1989).

Family Gymnodiniaceae Family Pyrophacaceae

Cochlodinium Helgolandium
Gymnodinium Pyrophacus
Gyrodinium Family Peridiniaceae
Family Polykrikaceae Scrippsiella
Pheopolvkrikos Ensiculifera
Polykrikos Cachonina
Family Gonyaulaceae Heterocapsa
Gonyaulax Peridinium
Protoceratium Protoperidinium
Alexandrium Diplopelta
Pyrodinium Diplopsalis
Family Tradiniaceae Diplopsalopsis
Triadinium Gotoius
Zygabikodinium

mored dinoflagellate, but the unarmored genera
such as Gyrodinium and Polykrikos were also
found. According to our previous observations
(Yoo and Lee. 1985). dinoflagellates were generally
abundant from spring to summer in this study
area regardless of whether they were armored or
unarmored. However unarmored species were es-
pecially abundant such as Gvrodinium sp. during
the survey (Lee and Yoo. 1990).

We also identified a total of 18 genera of dino-
flagellate in the same study area. Among these ge-
nera, the standing crops of motile cells in only
7 cyst-producing genera were estimated to be com-
pared with cyst population dynamics. It also varied
extensively by month and station: ranging from
22 to 2713437 cells/l in the surface layer and from
181 to 162,131 in the bottom layer. Motile cells
were more abundant on the surface layer than
on the bottom layer, especially from June to July.

Fig. 3 represents the comparison of motile cell
and cyst dynamics in st. 1, where motile cells are
most abundant among all stations, and st. 4, where
cysts are most dominant among all sediments, in
terms of standing crops. Motile cell’s standing crop
similary fluctuated both at st. 1 and at st. 4, which
means that there is little difference in plankton
dynamics between different stations. On the other
hand, the monthly variations of cysts show diffe-
rent patterns from those of motile cells. At the
mouth of the bay (st. 4) cysts fluctuated seasonally,
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Fig. 3. Monthly variations of standing crops of cyst-pro-
ducing motile cell of dinoflagellate in the surface
layer and cyst abundance from the surface sedi-
ments at st. | and st 4 in Masan Bay from May.
1986 w0 March, 1987.

but at the inner bay (st. 1) it showed little varia-
tions. It suggests that the motile cell’s blooms in
the inner bay could probably be originated from
the cysts of other seed bed like the opening part
of the bay. not from the inner cysts of sediments
therein. That is. plankton dynamics in this bay
might seem to be closely related to cyst dynamics
in the outer bay with respect to cyst-producing
dinoflagellates. There, however, aren't enough evi-
dences about that in this survey area, even though
many researchs postulated that the cyst dynamics
could influence the plankton dynamics in many
places of the world (Balch, er al., 1983 Tyler er
al., 1982: Anderson and Keafer, 1985). We feel that
futher study must be required so that more infor-
mation can be obtained on the plankton and cyst
dynamics of cyst-producing red tide organisms in-
cluding dinoflagellate.
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Explanation of Plate

Plate 1
1. Polykrikos kofoidii cyst
2. Polykrikos schwarzii cyst
3. Gyrodinium sp.? cyst
4. Alexandrium sp. (tamarense?) cyst
5. Pyrophacus steinii var. vancampoae cyst
6. Zygabikodinium lenticulatum cyst.

Plate II
1. Living cyst of Protoperidinium oblongum
. Empty cyst of Protoperidinium oblongum after germination (An arrow is the acheopyle)
Protoperidinium conicum cyst
. Protoperidinium latissimum cyst
. Protoperidinium leonis cyst
Protoperidinium pentagonum cyst
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(One scale bar is 10 pm.)
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