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ABSTRACT

The seasonal abundance of epiphytic dinoflagellates in the
intertidal zone of Jeju Island, Korea was quantitatively esti-
mated by monthly collection of macroalgal samples (Rhodo-
phyta, Phaeophyta, and Chlorophyta) from six sampling
locations from July 2012 to June 2013. Ten epiphytic dinoflag-
ellate taxa, including eight potentially toxic species Amphid-
inium carterae, A. operculatum, Gambierdiscus sp., Ostreop-
sis ovata, Prorocentrum concavum, P. emarginatum, P. lima,
and P. rhathymum, were identified. Two Amphidinium and
three Prorocentrum species are newly recorded in Korean
coastal waters. A significant change in seasona abundance
was recorded with maximum (751.82 + 223.12 cells g™* wet
weight of algae; cells g hereafter) in June (summer), fol-
lowed by October (autumn) (650.45 + 225.02 cells g™) and
September (598.02 + 197.82 cellsg). O. ovata was the most
abundant (338.21 + 11 cells g?), reported in October and
Gambierdiscus sp. was the least abundant, which was found
only in September (6.92 + 16.97 cellsg™) and October (6.54 +
6.54 cellsg™) at Hamduk (St 2). Significantly, highest spatial
abundance of total dinoflagellates for all sampling stations
was found at Hamduk (St 2) (547.91 + 315 cells g™), while
it was lowest at Hwasun (St 5) (232.59 + 144.93 cells g%).
Abundance of al dinoflagellate species was significantly
correlated with environmental parameters, with some excep-
tions. During summer and autumn, increasing abundance of
dinoflagellate at all sampling stations compared to the other
seasons emphasizes environmental and biological interactions
of epiphytic dinoflagellate with host macroalgae. Generally,
each of the epiphytic dinoflagellates did not show specific
preference of macroalgae as host. However, Chlorophytes
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were less preferred host by most of the dinoflagellates.

. INTRODUCTION

Species in the genera Gambierdiscus, Ostreopsis, Coalia,
Prorocentrum, and Amphidinium are known to be epiphytic
and/or benthic dinoflagellates [25, 48]. Most of the epiphytic
dinoflagellates in these genera are known to be potentially
toxic [13, 36] and harmful to human as well as to marine or-
ganisms, aerting scientists, aquaculture industry, and gov-
ernment [35]. The most well known human intoxication
because of benthic epiphytic dinoflagellates is ciguatera fish
poisoning [19]. Globally, one million people may be affected
by ciguateraannually [22], with estimated economic impact of
ciguaterain the United States to be $21.19 million per year on
average [4]. The genus Gambierdiscus is the main causative
agent of ciguatera. In particular, Prorocentrum lima, P. con-
cavum, Ostreopsis siamensis, and O. ovata have been impli-
cated in ciguatera fish poisoning based on distribution, toxic-
ity to mice and the presence of afat soluble toxic fraction [39,
51]. These organisms from epiphytic communities associated
with cora reefs, or rather with macroalgae attached to coral
surfaces. These assemblages may vary in species composition
and cell concentration between sites [49]. The mixed asso-
ciation of toxic dinoflagellates may contribute to the poly-
morphism of the clinical features of ciguatera[52].

The majority of the benthic epiphytic dinoflagellates are
reported from tropical or subtropical regions of the Pacific
Ocean, Indian Ocean, and the Caribbean, and found associated
with seagrasses, green, brown, and red algae, as well as dead
coral and sediment [2, 18]. However, some speciesalsolivein
temperate regions [44]. The occurrence of epiphytic and
benthic dinoflagellates in temperate waters has been reported
as evidence of increasing water temperature [26, 27, 43].
Seasonal/annual and interannual dynamics of benthic and
epiphytic dinoflagellate assemblages in reef zone have been
studied in the Virgin Islands [8], on Singapore reefs [24], and
in the NW Mediterranean [50].

Jeju Island belonging to the temperate region classified
based on air temperature and coastline is mainly composed
of rocky shore and sandy beaches with a few sand tidal flats.
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Table 1. Summary of sampling stationsin theintertidal zone along the coasts of Jeju Island, Korea.

Station Locations Latitude/ Longitude Characteristics of sampling stations
1 SEHWA 33°31'29.86"N/126°51'40.50"E Sandy beach with fine white sand and vol canic rocks
2 HAMDUK 33°32'32.94"N/126°40'12.27"E White sandy beach with fine white sand
3 HYUPJAE 33°23'38.88"N/126°14'23.02"E Large sandy beach with volcanic rocks
4 HAMO 33°12'39.86"N/126°15'38.23"E Very small beach with coarse black and white sand with volcanic rocks
5 HWASUN 33°14'22.38"N/126°19'65.67"E Small beach with coarse black and white sand with volcanic rocks
6 SINYANG 33°31'29.86"N/126°51'40.50"E Sandy beach with fine white sand and volcanic rocks
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Fig. 1. Map showing Jeju |sland, Korea and locations of six sampling stations along the coasts of Jegju Island.

Previousdly, the dinoflagellates recorded from this Island were
planktonic but potentially toxic benthic and epiphytic species
have not been well documented. Information on existing
diversity and distribution patterns and abundance of epiphytic
dinoflagellates around Jeju Island islimited. To date, no toxic
event caused by a marine benthic dinoflagellate has been
reported from Jeju Island. Kim et al. [29] reported abundance
of epiphytic dinoflagellate in autumn 2009. Jeong et al. [26,
27] and Lim et al. [33] reported the presence of benthic epi-
phytic dinoflagellates in the coastal waters of Jeju Island.
However, in-depth information on diversity and seasonal
abundance of benthic epiphytic dinoflagellates from coastal
waters of Jgju Island is needed.

The aim of this study wasto survey epiphytic dinoflagellate
community present in intertidal zone of the coastal waters of
Jgju Island. The objectives of the this study were: (1) to de-
termine the species composition of epiphytic dinoflagellates,
(2) to evaluate seasona changes of benthic and epiphytic
dinoflagellates, (3) to relate the presence and abundance
of dinoflagellates from various macroalgal substrates, (4) to
determine the physical-chemical variables and their relation to
the abundance of dinoflagellates. The results of this study can
be used to ascertain the potential threat that toxigenic epi-
phytic dinoflagellates pose to coastal food webs and human
health.

[I.MATERIALSAND METHODS

1. Study Sitesand Sample Collection

This study was carried out from July 2012 to June 2013 in
the intertidal zone along the coasts of Jeju Island, Korea.
Monthly sampling was carried out at six stations (beaches)
(Fig. 1). Total 247 samples of macroalgae including 30 macro-
algal species (Rhodophyta, Phaeophyta, and Chlorophyta)
were collected during the lowest low tide. A brief description
of the characteristics, latitudes, and longitudes of the sampling
stations is presented in Table 1. Hands picked macroa gae of
ca 20-100 g wet weight was placed into individual plastic
Ziploc bags with ambient seawater. Samples were stored on
ice cooler for transportation back to the [aboratory.

In laboratory, each macroalgae was put in a plastic con-
tainer with 200 mL of fresh filtered seawater were vigorously
shaken to dislodge epiphytic dinoflagellate cells for 1 minute,
and the material was passed through 200 and 100 um mesh
sieves to remove large particles and finally passed through
a 20 um mesh sieve. The material retained by the sieve was
resuspended in sterile filtered seawater (25 mL) and fixed
in 3.7% (final concentration) paraformaldehyde in filtered
seawater. Wet weight of each macroalgal sample was deter-
mined using weighing balance. For quantitative analysis,
1 mL of preserved sample was counted triplicate using
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Table 2. List of epiphytic dinoflagellates and abundance (cells g™ wet wt of algae) for each month during July 2012-June
2013 from Jeju Island, Korea.

. 2012
Dinoflagellates Jul Aug Sep Oct Nov Dec
Amphidinium carterae*# 1438+11.72° 11.31+639° 2063+17.21° 3361+2661® 2078+14.72° 12.03+2.40°
A. operculatunm # 1956+21.33° 1660+591°  39.64+20.64° 5371+2025% 2413+1543° 19.58+9.86"
Coolia malayensis 4852+ 14.69° 46.15+17.66® 100.95+43.82° 104.85+47.45° 66.38+48.13° 52.65+9.27°
Gambierdiscus sp.* 0+0 0+0 6.92+16.97%° 654+ 16.04° 0+0 0+0
Ostreopsis ovata* 231.07+ 87.87% 160.69+ 81.69° 311.03+ 126.14% 338.21 + 119.54* 196.61+ 109.57 77.48+ 46.43°
Prorocentrum concavum*#  30.12+ 18.05%° 12.79+11.62° 3851+2560° 2878+ 1564% 17.69+2045% 17.24+1522%
P. emarginatun # 6.40+ 8.232 3.36+ 4.30° 9.75+16.18* 13.16+ 17.98° 2.77 £ 3.912 7.96 + 13.18%
P. fukuyoi# 4.37+4.932 7.62+723%  17.93+1948 2323+1524% 1642+1663* 1419+ 12.10°
P lima* 1271+ 16.062  7.82+11.21% 24.09+3357%° 39.48+4891° 876+1025  4.19+6.67°
P. rhathymum* 13.70+2255° 1256+ 14.31* 14.99+14.74% 10.36+18.01* 11.07+ 15.022 9.7+953°

Total dinoflagellates

414.96 + 137.86° 273.48 + 103.76™ 598.02 + 197.82° 650.45 + 225.02® 383.63 + 153.75™ 216.82 + 81.67™

. 2013
Dinoflagellates Jan Feb Mar Apr May Jun
Amphidinium carterae*# 1482+399°  1677+834® 1978+ 1897° 2247+1432® 3675+ 1047 76.39+37.21%
A. operculatum # 232+713°  2745+966° 3833+952° 3528+11.12° 5204+ 17.50® 103.04+ 37.60%
Coolia malayensis 23.03+1042° 3534+10.33° 50.39+21.12° 64.90+2857% 81.02+19.09% 131.31+77.43*
Gambierdiscus sp.* 0£0 0+0 0+0 0£0 0+0 0£0
Ostreopsis ovata* 43.33+20.33° 60.91+1855"° 95.71+29.24* 12352+ 31.01% 172.79+59.14° 303.10 £ 64.83°
Prorocentrum concavun# 1644+ 9.69%° 21.14+7.81% 3264+2040° 2410+ 1451 253+7.25%®  40.61+ 28.98
P. emarginatun # 1.43+ 3.50° 409+477% 1076+ 9.27° 8.40+ 5.30° 7.38+7.61%  20.14+21.04°
P. fukuyoi# 1845+ 11.80° 1575+13.79°  6.17+545° 8.97 + 6.60° 563+851% 2827+ 1550
P lima* 1126+ 7592  2277+1847% 1230+6.90° 2317+1951% 33.87+14.49° 4179+ 24577
P. rhathymum* 755+ 13.05° 11014+ 14.00°  6.99+ 7.49° 570+ 9.63% 18.04+17.32°  30.02 +29.23
Total dinoflagellates 173.15+ 72.25° 203.03+ 47.79® 266.67 + 67.98° 317.02+ 54.04% 424.63+ 103.85> 751.82 + 223.122

An ‘*’ denotes potentially toxic species. A ‘# denotes new record for Korean waters. Values are reported as averages + standard deviation.
The letters next to each dinoflagellate abundance value indicate that values are significantly different from the others within the same row,

where ‘@ isthe highest value and ‘¢’ isthe lowest value.

Sedgwick-Rafter counting chamber under microscope (Axio-
plan 2, Carl Zeiss, Oberkochen, Germany) at 20X and 40X
magnifications. Cell density of epiphytic dinoflagellates ex-
pressed as cells g* wet weight of macroalgae (cells g™ here-
after), following the methodol ogy described by Delgado et al.
[12] and Okolodkov et al. [4Q].

2. ldentification of Dinoflagellates and M acr oalgae

Freshly-collected living dinoflagellates were isolated by
the micropipette-washing method, placed on dide glass cov-
ered with a cover dlip, and the morphometric features were
observed under transmitted light with bright field and phase-
contrast at 400X magnification and photographed using a
microscope (Axioplan 2, Carl Zeiss) equipped with a digital
camera (Axiocam ERc5s, Carl Zeiss). Both the dorsal and
ventra sides of each dinoflagellate were examined. Cell size
and some morphometric measurements were obtained from
micrographs using Carl Zeiss ZEN Lite software. Thecal
plate patterns of armored dinoflagellates were identified us-
ing Calcofluor White M2R [17]. The Calcofluor stained cells
were examined using an epifluorescence (violet excitation
at 430 nm, blue emission at 490 nm) microscope (Axioplan 2,
Carl Zeiss) equipped with a digital camera (Axiocam 1CmL1,
Carl Zeiss). Unarmored dinoflagellates were identified

based on morphological features such as body contour and
proportion, cingulum displacement, sulcus extension and direc-
tion on the epitheca, and presence and location of specific
organelles. Dinoflagellates were identified using previously
published schemes[3, 10, 14-16, 18, 21, 36, 38, 47]. Macro-
algae were identified using appropriate keys [30, 31] and
cataloged.

3. Physico-Chemical ParametersAnalysis

Hydrological variables such as water temperature (°C) and
salinity (psu) were estimated every month during sample col-
lection in the water column of intertidal zone of all sampling
stations with a temperature-salinity meter (YSI 35, Yellow
Spring Instrument, Ohio, USA).

4. Satistical Analysis

Epiphytic dinoflagellate abundance data (each individual
species and total number of dinoflagellate species) were tested
for site and macroalga host preference using one-way
ANOVA with Tukey's pair wise comparisons. Dinoflagellate
abundance data were also tested for significant correlation
(Pearson) with environmental variables (temperature, sdinity).
All statistical tests were conducted using Microsoft Excel and
Graph Pad InStat ver.3 at an alphalevel of 0.05.
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[11. RESULTSAND DISCUSSION

1. Epiphytic Dinoflagellate Species Composition

From the six study sites, ten species in five genera of epi-
phytic dinoflagellates were identified; of these, eight are po-
tentially toxic species and four are first reported in Korean
waters (Table 2). The number of species encountered in this
study is comparable to values reported in other studies con-
ducted around the world. For example, Faust [13] reported 16
species in sandy environments around Belize. Parsons and
Preskitt [41] reported 26 benthic dinoflagellate species from
Hawaiian coastal waters. Four of the species found in this
study, have been reported previoudly in Jeju Island: Coolia
malayensis [27], Ostreopsis ovata [28], Prorocentrum rhathy-
mum [33], and P. lima [45]. Amphidinium carterae, A. oper-
culatum, P. concavum, P. emarginatum, and P. fukuyoi are
reported as present in Jeju coastal waters for the first time.
Although Gambierdiscus caribaeus was reported from Jeju
Island in previous study [26], Gambierdiscus sp. found in this
study was not identified up to species level. Several of these
dinoflagellates (e.g., Gambierdiscus sp., P. concavum, P. emar-
ginatum, P. rhathymum, and O. ovata) have been reported
from many other tropical and subtropical locations including
Pacific Ocean [41], the Caribbean Sea [15], and in the Medi-
terranean Sea [2]. P. lima is a cosmopolitan species, found
from boreal to tropical waters around theworld [15, 41] and P.
rhathymum commonly found in tropical and subtropical wa-
tersin the Atlantic and Pacific Ocean [15].

Eight of the encountered species in this study can be con-
sidered potentially toxic species [46], because they have been
reported as toxic elsewhere [39, 52]. All species of Proro-
centrum (except P. fukuyoi) in this study are reported as toxic
(Table 2), known to produce okadaic acid and its derivatives,
responsible of diarrheic shellfish poisoning and may be in-
volved in ciguatera fish poisoning [37].

2. Seasonal Abundance of Epiphytic Dinoflagellates

Epiphytic dinoflagellates were found during all the months
of the annual sampling cycle (July 2012-June 2013) in the
intertidal zone along the coasts of Jegju Island. The average
abundance of total epiphytic dinoflagellates was significantly
(p < 0.05) highest (751.82 + 223.12 cells g%) and lowest
(173.15 + 72.25 cells g% in June (summer) and January
(winter), respectively (Table 2). The abundance pattern
changed in August (late summer with rainfall), when we ob-
served abrupt decline in the number of total cells during this
month. A second peak of total average abundance (650.45 +
225.02 cells g*) occurred in October (autumn) (Table 2).
Similar seasonal pattern was reported by Delgado et al. [12]
from northwestern coast of Cuba, where highest average
abundance was in June 1999-2000 (1012 cells g*) and in
2000-2001 (1089 cells g™*) and lowest mean concentration (21
cells g*) was in February. In 1999-2000, these authors ob-
served abrupt decline in cells during August and September,
and second peak of abundance (609 cells g™) in October.

In case of monthly variation of epiphytic dinoflagellates
abundance in Jgju Island, O. ovata among the ten species was
the most abundant species (338.21 + 11 cells g™), which was
reported in October (Table 2). The abundances of epiphytic
dinoflagellate Ostreopsis sp. were quite lower than values
reported in the previous studies: for example, Kim et al. [29];
about 9 x 10° cells g™, Parson and Preskitt [41]; 18 x 10° cells
g', Mangialgjo et al. [35]; 2451 x 10° cells g™, Holmes et al.
[24]; 3.3 x 10° cells g*, Aligizaki and Nikolaidis [1]; about
4.0 x 10° cells g™ for Ostreopsis ovata + O. siamensis. Gam+
bierdiscus sp. wasthe |east abundant species, which was found
only in September (average 6.92 + 16.97 cellsg™) and October
(average 6.54 + 6.54 cell g%) (Table 2). The abundance of
Gambierdiscus sp. in the present study was extremely lower
than these of Kim et al. [29] (about 5 x 10° cell g%); G. toxicus
from the Gambier Islands, Pacific Ocean by Yasumoto et al.
[51] (500 x 10° cells g*); Gambierdiscus sp. from Hawaii
(average 127 cells g™ [41]; Tahiti, French Polynesia (10.88 x
10° cells g%) [10]. Similar to our study, low abundance of
Gambierdiscus, G toxicus was reported from Mauritius (0~4
cellsg?) [25].

The average abundance of A. carterae and A. operculatum
reached highest of 76.39 + 37.21 cell g* and 103.04 + 37.60
cellsg™, respectively in June. The abundance of these species
are also lower than Kim et al. [29], wherein the authors re-
ported a maximum abundance of 0.41 x 10° cells g™ for Am-
phidinium spp. from Jgju Island. Okolodkov et al. [40] re-
ported abundance of 41172 cells g* from Gulf of Mexico,
which is higher than our study. Coolia malayensis showed
highest average abundance of 109.95 + 43.82 cells g in this
study, whereas Kim et al. [29] reported higher abundance of
0.71 x 10° cells g* for Coolia spp. Calson and Tindoll [8]
recorded 1200 x 10° cells g™ for Coolia monotis from Virgin
Island, Caribbean Sea. The average abundance of Prorocen-
trum concavum was also lower in our study (41.61 + 28.98
cells g*) compared to the study by Delgado et al. [12] (<10®
cell g%). Parson and Preskitt [41] estimated cell densities of
0-69 cells g for Prorocentrum emarginatum and 3-224 cells
g* for Prorocentrum lima, which are more similar to our
findings (P. emarginatum: 20.14 + 43.82 cells g and P. lima:
41.79 + 2457 cells g%) but less than those reported by
Delgado et al. [12] (10°~10° cell g™) and Okolodkov et al. [40]
(29756 cells g1) of P. lima. Parson and Preskitt [41] re-
corded P. lima + P. concavum densities averaged from 0 to 598
cells g*. In this study Prorocentrum fukuyoi and Prorocen-
trum rhathymum average cell abundance were 28.27 + 5.50
cellsg?, and 30.02 £ 29.23 cells g™ (Table 2). Kim et al. [29]
reported higher abundance of Prorocentrum spp. (0.30 x 10°
cells g from Jeju Island than our study.

3. Spatial Abundance and Distribution of Epiphytic
Dinoflagellates

Epiphytic dinoflagellates were found at all the stations
during the sampling period. There was significant (p < 0.05)
difference in the total cell numbers between sampling stations
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Table 3. Abundance (cells g* wet wt of algae) of epiphytic dinoflagellate species at each of the six sampling sites from

Jegju Idand during July 2012-June 2013.

Dinoflagellates Sehwa (46) Hamduk (51) Hyupjae (47) Hamo (45) Hwasun (43) Sinyang (45)
Amphidinium carterae 19.18 + 16.49% 27.83 + 38.22% 30.99 + 16.98% 15.06 + 17.46% 25.50 + 26.05% 31.29+17.791%
A. operculatum 3519+2871*  40.68+40.89° 3277+16.55° 36.29+2576° 3597+33.45  44.95+26.78°
Coolia malayensis 63.16+42.32% 9750+ 73.00° 68.84+34.85" 6853+41.28° 47.46+2641° 66.25+30.35%
Gambierdiscus sp. 00 7.351+ 16.36 00 0+0 00 00
Ostreopsis ovata 21500+ 129.08% 241.44+150.21% 191.99+ 12519 160.21 + 92.81° 81.00+5840° 167.50 + 99.52°
P. concavum 31.34+12.97° 4254 + 24.03° 28.27 + 13.94° 24.24 + 14.19% 12.60 + 12.60% 13.68 £ 12.37%
P. emarginatum 9.62 + 7.74° 16.55 + 18.08% 5.21+757° 6.48 + 8.41° 5.96 + 13.17° 3.98 + 6.58°
P. fukuyoi 18,51+ 12.52% 21.94+15.71% 16.49 + 11.57% 7.34+10.14° 0.20+0.72° 19.01+12.18%
P. lima 35.64 + 32.66" 39.91 + 25.32% 16.79+ 15.06%°  10.80 + 12.99% 6.44 + 8.69° 11.53 + 17.50%
P. rhathymum 2.344 5,06 7.22+10.19®° 25.19+ 18.99 14.07 £ 13.39% 25.44 + 19.69% 0.94 + 3.26°

Total Dinoflagellates

426.40 + 222.01* 547.91+ 315.37° 423.82+176.98* 348.01+157.25° 232,59 + 144.93" 358.10 + 171.54°

Values are reported as averages + standard deviation. The numbersin parentheses next to each site represent the number of samples analyzed.
The letters next to each dinoflagellate abundance value indicate that values are significantly different from the others within the same row,

where ‘@ isthe highest value and ‘¢’ isthe lowest value.

(Table 3). Highest total abundance occurred at Hamduk (St 2)
with mean value of 547.91 + 315.37 cells g*. Lowest total
abundance of epiphytic dinoflagellates was found at Hwasun
(St 5), with mean concentrations of 232.59 + 1441.93 cells g*
(Table 2). At Hamduk (St 2), all the epiphytic dinoflagellates
showed highest mean abundance, except Amphidinium car-
terae and A. operculatum occurred at maximum mean cell
abundance at Sinyang (St 6) (Table 3). Among all the sam-
pling stations, comparatively lower abundance of epiphytic
dinoflagellates at Hamo (St 4) and Hwasun (St 5) stations
(more exposed coasts located at south-western part of Jeju
Island) might be related with species interactions of dinoflag-
ellates with physical and biologica environment and also
macroalgal abundance. This observation agrees well with
Kim et al. [29], who also found lower abundance of epiphytic
dinoflagellates near those areas. Shaking effect due to turbu-
lent water at the open coast (physical-biological interaction)
and/or diverse bi-species interaction among different macro-
algae-epiphyte combinations may limit or support their suc-
cess|[7].

4. Dynamicsof Water Temperature and Salinity, and
Their Relation to Abundance of Dinoflagellates

The water temperature exhibited a predictable seasonal
fluctuation with the range of 10.9°C to 26.3°C. Monthly av-
erage water temperature for all stations was highest (26.016 +
0.33°C) in July 2012 (summer) and lowest (12.98 + 1.44°C)
in January 2013 (winter) (Fig. 2A). During the study period,
sdinity of the coastal seawaters in intertidal zone of Jeju
Island ranged from 23.6 to 34.8 psu. For all the sampling
stations, monthly average lowest salinity (26.33 = 1.94 psu)
was recorded in August 2012 (summer) and the highest salin-
ity (33.91 £ 0.83 psu) was in April 2013 (spring) (Fig. 2B).

Total dinoflagellate abundance, C. malayensis, O. ovata,
Gambierdiscus sp., P. concavum, P. emarginatum, P. fukuyoi
and P. rhathymum abundance were significantly correlated

Temperature (°C)

J A°S OND J FMAMJ

407 .Stl -=St2 -aSt3 <S4 —St5 -St6

15 4
10

Salinity (psu)

0

J A°S O ND J FM AM ]
2012 2013

Months

Fig. 2. Monthly variations in water temperature (A) and salinity (B) in
theintertidal zone from July 2012 to June 2013 at different sam-
pling stations of Jeju Island, Korea.

with water temperature and salinity (Table 4). A. carteraewas
the only dinoflagellate to be not significantly correlated with
temperature and salinity. A. operculatum did not show sig-
nificant correlation with the salinity and P. lima was not sig-
nificantly correlated with temperature variation in this study.
Lower abundance of epiphytic dinoflagellates during winter
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Fig. 3. A. Relative abundance of epiphytic dinoflagellate species by month from July 2012 to June 2013. B. Relative abundance of epiphytic

dinoflagellates at each station from July 2012 to June 2013.

Table 4. Pearson correlation analysis results between epi-
phytic dinoflagellates abundance and water tem-
perature and salinity parameters at all stations
during July 2012-June 2013 from Jeju Island,

Korea.

Dinoflagellates Temperature (°C)  Salinity (psu)
Amphidinium carterae ns ns

A. operculatum 0.18 (0.01)* ns
Coolia malayensis 0.43 (0.00)** 0.00 (0.00)**
Gambierdiscus sp. 0.29 (0.00)** -0.09 (0.00)**
Ostereopsis ovata 0.75 (0.00)** -0.33 (0.00)**
P. concavum 0.34 (0.03)* 0.12 (0.02)*
P. emarginatum 0.23 (0.00)** 0.08 (0.00)**
P. fukuyoi -0.12 (0.05)* 0.17 (0.00)**
P.lima ns 0.17 (0.00)**
P. rhathymum 0.48 (0.01)* -0.23 (0.00)**
Total average 0.59 (0.00)** -0.14 (0.00)**

Non-significant results are denoted by ‘ns' for each dinoflagellate
species. The correlation coefficient and corresponding p-value (in
parentheses) at p < 0.05* and p < 0.001** is given for significant
results.

months might be due to lower temperature recorded in Jeju
Island. Higher water temperatures could be a promoting factor
for the growth of macroalgae and epiphytic dinoflagellates
[12]. Lower abundance seems to be related to decreasing
salinity due to rainfall in August, which agrees well with the
observation in the northwestern coast of Cuba [12]. In Sep-
tember and Octaber, the increase of epiphytic dinoflagellates
in Jeju Island probably depended on several environmental
factors acting at the same time [8].

Our results were found to be comparable to those observed
inthe Virgin Islands, where all seven toxic epiphytic dinoflag-
ellate species were positively or negatively correlated with
water temperature [8]. In east Tasmanian waters, adecreasein
temperature was associated with a decline in dinoflagellate
numbers through winter [42]. In contrast, in southwestern
Puerto Rico, two dominant epiphytic dinoflagellate species
were not strongly correlated with temperature [5]. In Queen-
dand, Australia, periodicity in the G toxicus abundance did
not seem to be related directly to temperature, and complex
substrate interactions and other unknown factors appear to be
involved [20]. In the NW Mediterranean, no significant cor-
relations were observed between epiphytic dinoflagellates and
water temperature; however, the epiphytic dinoflagellate as-
semblage demonstrated a clear seasonality [50]. High harmful
dinoflagellates concentrations in May and October were re-
lated to physicochemical conditions in northwestern coast of
Cuba [12]. The mechanisms that trigger species abundance
are unclear, but changes in the hydrodynamic regime may be
involved [50].

5. Relative Abundance of Epiphytic Dinoflagellates

In this study, Ostreopsis ovata predominated in abundance
and spatial-temporal distribution of epiphytic dinoflagellates
and was perennially present. Highest (57.4%) and lowest
(26.1%) relative abundance of O. ovata occurred in August
2012 and January 2013, respectively, when low densities on
the whole epiphytic dinoflagellates occurred in all stations.
The relative abundances of other species were <10%, except
for Coolia malayensis and Amphidinium operculatum that
reached a highest relative abundance (23.48% and 14.33%) in
December and March 2013, respectively (Fig. 3A).



162 Journal of Marine Science and Technology, Vol. 21, Suppl. (2013)

Considering the relative abundance of each dinoflagellate
species in different stations, O. ovata was also the dominant
species (33.6% to 49.1%) at al sampling stations followed by
C. malayensis (14.5% to 21%). The remaining species were
<10%, except for A. operculatum, which reached a maximum
relative abundance of 15% at Hwasun (St 5) (Fig. 3B).

An association, consisting of Ostreopsis siamensis, O.
lenticularis, O. ovata, Prorocentrum lima, P. compressum
and Coolia monotis, has been recorded in northern New
Zedland [9]. The dominant species, O. siamensis, accounted
for 64% to 85% of thetotal epiphytic floraduring summer [9]
which is more or less similar to our findings for this study.
Bomber et al. [6] reported P. lima species during the entire
year in the Florida Keys, being more abundant from No-
vember to May. Heil et al. [23] reported P. lima species as
the most abundant along Australian shores and associated
with ciguatera. Delgado et al. [12] found P. lima as the
dominant species (<50%) at all sampling stations in north-
western coast of Cuba followed by G. toxicus (8 to 33%)
and remaining species were lower than 8%. In this study,

P. lima was never found as dominant species. Hurbungs et al.

[25] reported Amphidinium sp. dominated (32.5%) over other
species followed by Prorocentrum sp. (27.3%) and C.
monotis (21.4%) in Mauritius.

6. Host Preference of Epiphytic Dinoflagellates

We found total 30 species of macroalgae belonging to 21
genera under Rhodophyta, Phaeophyta and Chlorophyta
(Table 5). Various species of macroal gae (Rhodophyta, Phae-
ophyta, Chlorophyta, and Cyanophyta) have been reported as
host for different numbers of epiphytic dinoflagellates [49].

Among the ten epiphytic dinoflagellates, Amphidinium
carterae and Ostreopsis ovata were found on all the macro-
algal samples. Abundance of A. carteraewas highest (16.94 +
17.71 cells g*) on Pheophyte (Dictyopteris prolifera). Kim et
al. [29] observed Amphidinium spp. with seven macroalgal
species (Cladophora wrightiana, Sargassum sp., Dictyopteris
divaricata, Chordaria flagelliformis, Padina arborescens,
and Martensia sp.) with maximum cell density on Martensia
sp. (406 cells g1). From these seven macroalgal species,
Chordaria flagelliformis, Padina arborescens were not found
during this study.

O. ovata cell abundance was overall higher for most of the
macroalgal host with the highest abundance (102.07 + 17.71
cells g*) on Chlorophyte Cladophora wrightiana. Amphid-
inium operculatum cells were recorded from al the macroal-
gal samples with highest abundance (22.66 + 17.71 cells g™
on Rhodophyte Chondrus ocelatus but it was only absent
on Jania adhaerens. O. ovata were not found attached on
Codiumfragile by Kim et al. [29], which disagree with present
study. The highest density (5.9 x 10° cells g*) detected for
Ostreopsis sp. on Halopteris scoparia by the study of Vila et
al. [50].

Coolia malayensis also preferred all macroal gae except one
Chlorophyte Codium fragile which agreed with the observa-

tion by Kim et al. [29]. In this study, C. malayensis found on
all macroalgae reported by Kim et al. [29], except C. flagel-
liformis and P. arborescens. C. malyensis highest cell density
on Hizkia fusiformis (42.21 + 33.15 cell g*) from this study
differed with Kim et al. [29], who found highest cell density
(710 cells g*) of Coolia spp. on Rhodophyte Martensia sp.
Carlson and Tindol [8] found C. monotis density of 1.2 x 10°
cellsgtin Virgin Islands, which is very high compared to Jeju
Island, Korea.

In our study, Gambierdiscus sp. was exceptionally absent
on al macroalgae and only exclusively found attached on
Rhodophyte Gelidium amansii with low abundance, whereas
Gambierdiscus spp. were attached all the macroalgae, except
Codiumfragile and Sargassum siliquastrum, collected by Kim
etal.[29]. G toxicuswas estimated to be 5.0 x 10° cellsg™ on
Rhodophyte Jania in a Gambier Island reef [51]. Depending
on the geographic region, G. toxicus has been shown to prefer
different macroalgal host species and found with more than 50
algal genera[8, 11].

Generally, the species under the genus Prorocentrum were
less abundant on Chlorophyte macroalgal species in this study.
P. concavum was present on all the Rhodophytes, while it was
absent on one Pheaephyte (Ecklonia cava) and two Chloro-
phytes (Codium fragile and Ulva pertusa). Cell abundance of
this epiphytic dinoflagellate was always below 15 cells g™.
P. emarginatum never preferred any of the Chlorophytes and
also absent on Rhodophyte, Wrangelia tanegana and Pheo-
phytes, Sargassum macrocarpum and S. siliquastrum. P. fu-
kuyoi abundance was highest (13.17 + 11.35 cells g*) on
Rhodophyte Chondrus ocelatus but cell abundance was lower
for most of the macroalgal host. P. lima and P. rhathymum
were found with maximum cell concentration (12.49 + 8.42
and 22.04 + 21.96 cells g™*) on Pheophyte Sargassum horneri
and S. confusum, respectively. Kim et al. [29] observed Pro-
rocentrum spp. with eight macroalgal species (U. pertusa, E.
caba, Sargassum sp., D. divaricata, C. flagelliformis, P. ar-
borescens, Martensia sp., Gelidium amansii, Corallina sp.)
with maximum density (304 cells g*) on Martensia sp. At
Virgin Islands, P. mexicanum cell density was found at 1.5 x
10° cellsg* [8].

Generally, no macroalgal species appeared to be an overall
best or worst host for specific epiphytic dinoflagellates. Ad-
ditionally, preferences were not consistent among the dinoflag-
elates. Significant differencesin epiphytic densities between
macroal gae were not observed in this study, which agrees with
Lobel et al. [34] and Bomber et al. [7].

The availability of macroalgal substrates and water
movement may affect the spatial distribution of epiphytic
dinoflagellates. Beside these, environmental variables and
nutrients from macroalgae could be important temporary
factors [49]. Therefore, the temporal patterns should be in-
terpreted with respect to the succession of host macroagae
[32]. In addition, macroalgal surface area and ash content
appear to be regulating factors of epiphytic dinoflagellate
population density [6].
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Table5. Average abundance (cells g* wet wt of algae) of epiphytic dinoflagellates on each of the macroalgal species
during July 2012-June 2013 from Jgju I sland.

Algal host species Total AC AO CM GM 00 PC PE PF PL PR
Rhodophyta

Chondruscanaliculatus (12) ~ 121.03+171.37 820+941 1457+1481 7.83+1069 0+0 4877+4217 5191514 213+481 4114686 93511304 111269
Chondrus ocelatus (5) 64.12+60.37 4781781 2266+30.822681+5399 0+0 3516+5335 128541257 167+374 1317+11.3511.32+1505 010
Coralina pilulifera (7) 535318644 2821530 13161093 7.24+125 0+0 4033£3406 276+399 0741196 00 010 941+9.82
Galaxaura apiculata (9) 9446114048 3691151 460297 2579+1833 0+0 4848+4957 1147+1692 1054+1142 010 035105 0£0
Galaxaura falcate (4) 46056093 6.73+389 14.65+12992311+2509 0+0 4993+69.71 6.16+808 7.12£7.25 00 5371678 199+399
Gelidium amansii (24) 29644143266 805£824 629+878 21.24+145135+116 61.16+4158 471+485 3394544 203+489 9951942 37011182
Gracilaria sp. (9) 8899+£99.73 1045+£9.94 1050+ 13.06 1568+1089 0+0 37.78+1151 9821352 276+23 3151468 010 0£0
Gracilariavermiculophylla(2) 17.27+£3131 382+54 416+£588 1413£166 0+0 5177+£4026 3241458 324+458 205+289 010 0+0
Grateloupia asiatica (6) 6029+ 8527 3061380 1282+821 2159+1359 0+0 4576+2193 7.82+601 119+321 081+02 481+089 2591523
Hypnea charoides (7) 7572410885 4261533 7.90+522 2807+17.38 0+0 4828+5137 101+582 081+216 277+158 5951226 0£0
Jania adhaerens (12) 15755+ 28307 0.73+197 0+0 27.23+3306 010 7544+4827 137411226 0261090 442+1059 946+1119 010
Martensia sp. (6) 87.49+127.84 4114650 219 +19.15 274241155 0+0 69646863 341+493 533+517 489+718 6561855 2531448
Plocamium telfairiae (25) 3503342235 4951922 8371945 2371+1924 0+0 7458+6529 1217+890 233+508 501+264 112211785 010
Pterocladiella capillacea (4) 518545940 5091588 1299+595 2272+29.78 0+0 5045400 11.08+217 749+1498 965+7.26 1015+1154 010
Wrangelia tanegana (11) 86.16+£109.29 938568 1023t4.14 995625 0+0 3346:£549 5871526 00 231+211 710159 0£0
Phaeophyta

Champia expansa (3) 383214712 16.66+21.41 1851+£20.0 30.13£32.49 47615260 246374 3871505 4421670 4.0516.14 0£0
Colpomenia sinuosa (3) 2137+£2875 2481236 251236 111+7.98 3220£2606 489+438 82711059 0+0 814+1411 1631282
Dictyopteris prolifera (4) 52.19+62.96 16.94+17.71 15.89 £ 10.64 37.66 £ 18.43 4317+4297 695+1247 7.75+13.08 010 010 0941189
Dictyopteris divaricate (3) 1576+ 1936 358+058 1581+10.20 14.84+9.71 1236+1254 103+179 148+256 00 343159 0£0
Ecklonia cava (22) 60.29+ 107.33 1045+ 13.47 1303+ 11.70 1.99+8.39 0381117 0+0 00 0+0 010 0£0
Hizikia fusiformis (7) 9878116140 431£599 073+0 4221+3315 69.39+3896 968+37 230£260 321580 3201556 6.52+12.09
Sargassum confusum (5) 4093+4237 102+229 6451552 1841+9.06 1947+£1180 485+320 457+436 5021566 00 22041219
Sargassum horneri (7) 9139+ 11957 6.84+641 14.74+1093 24.36+ 145 56.74+5826 7.92+619 093+247 5651652 12491842 0851224
Sargassummacrocarpum (10) 11240+ 159.05 1.58+3.48 9.26+14.07 304013452 4880+36.88 1051+1001 00 4661737 3691488 45211011
Sargassum siliquastrum (9) 7866110228 177+£355 4.66£4.93 1683£871 3710+ 2441 1157%6.75 010 3944305 9431325 2521300
Sargassum thunbergii (22) 19579+ 21546 7.61£6.69 1159+872 2303+1834 0+0 2537+4679 080+272 029+133 234+45 0.691223 1841+ 16.66
Chlorophyta

Cladophora wrightiana (4) 5404112576 1009+£6.89 11.85+592 550+111.01 0+0 102.07+44.15 559+11.18 010 0+0 010 0+0
Codium fragile (4) 2157+£3060 1238+851 1279+657 010 0+0 2098:3482 010 0+0 0+0 010 7.76+ 1553
Enteromorpha linza (5) 50298586 4.90:£263 871:+418 407+910 0+0 5748£1631 4.05+9.05 0+0 10.73£325 1063+1191 00
Ulva pertusa (26) 22358141559 100+469 1295863 325£10.75 00 5207+4557 010 0+0 7224852 0441225 0301157

AC = A.carterae, AO = A. operculatum, CM = C. malayensis, GM = Gambierdiscus sp., OO = O. ovata, PC = P. concavum, PE = P. emarginatum, PF = P.
fukuyoi, PL = P. lima and PR = P. rhathymum. Valuesare reported as averages + standard deviation. The numbersin parentheses next to each algal host species
name represent the number of samples analyzed.

IV.CONCLUSION

Theresults of thisstudy indicate that, (1) several potentially
toxigenic dinoflagellate species are present in Jgju Island; (2)
The epiphytic dinoflagellate assemblage demonstrated that
they were being more abundant in September and October
2012 (autumn), and June 2013 (summer) than the other
months; (3) The abundance of epiphytic dinoflagellates was
appeared to be higher at Hamduk (St 2) and lower at Hamo
(St 4) and Hwasun (St 5) in Jgju Island; (4) The population
density of most of the epiphytic dinoflagellates was found to
be significantly correlated with the variation of both water
temperature and salinity, except A. carterae, A. operculatum
and P. lima; (5) Epiphytic dinoflagellates did not show any
significant preference for macrophyte species.
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