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Abstract
The distribution and abundance of dinoflagellate cyst assemblages were investigated
in surface sediments from south-western Red sea coasts of Saudi Arabia at six sites
during March 2010. A total of 19 taxa of dinoflagellate cysts were identified from all
sites. The sampling sites showed a similar cyst assemblage, but they differed in total
cyst abundance (3 to 4083 cysts g−1 dry weight). Cyst abundance was strongly
correlated with sediment characteristics, the highest numbers being recorded in
sediments with large contents of organic carbon, silt and clay. Cyst assemblages
were dominated by cysts of potentially toxic species, including Cochlodinium
polykrikos, Prorocentrum minimum, Dinophysis acuminata, Alexandrium catenella
and Scrippsiella trochoidea. Most cysts germinated successfully at different rates
at 15 and 25◦ C. This study suggests that surface sediments from all Saudi Red Sea
coasts should be monitored for the presence of dinoflagellate cysts to give ample
warning of the presence and abundance of toxic species in a given area.
The complete text of the paper is available at http://www.iopan.gda.pl/oceanologia/
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1. Introduction
Dinoflagellates constitute the major phytoplankton group in marine
environments with harmful species, causing red tides and shellfish poisonings in coastal areas (de Vernal & Marret 2007). The life cycle of many
dinoflagellates consists of an asexual vegetative phase, with production
by binary fission, and a sexual phase, involving reproduction by gamete
fusion (Pfiester & Anderson 1987). Sexual reproduction yields a motile
cell, the zygote, which can either return to the vegetative stage or become
a hypnozygote, or resting cyst, which is unable to swim and sinks to the
bottom sediments (Figueroa et al. 2007). Cysts can remain viable in
sediments for 5–10 years or longer (Anderson et al. 1995). Cysts constitute
a seed bank for the region where they are present and supply the initial
inoculum to form plankton blooms once favourable conditions (mainly
temperature) are re-established (Lewis et al. 1999). In addition, cysts of
toxic species such as Alexandrium spp. and Gymnodinium catenatum may
be more toxic than their motile vegetative cells (Dale et al. 1978, Oshima
et al. 1992) and may therefore represent a source of paralytic shellfish
poisoning (PSP) toxins (Schwinghamer et al. 1994).
Although studies of dinocyst distributions in marine surface sediments
are increasing worldwide, there is no published literature on dinoflagellate
cyst assemblages in Saudi coastal areas of the Red Sea. However, incidents of
algal blooms and dinoflagellate red tides did occur along Saudi coasts of the
Red Sea during the period 2004–2006 (Mohamed & Messad 2007). Although
these blooms have since disappeared from this area, there is a possibility
of their recurrence in the original bloom area and elsewhere. Therefore,
the collection and counting of resting cysts during non-bloom periods offer
a potential tool for the prediction of future toxic blooms (Hallegraeff & Bolch
1992, Anderson 1997, Persson et al. 2000). Hence, the objective of this
study was to investigate the occurrence of dinoflagellate cysts in surface
sediments collected from previously infected areas with algal blooms on
south-western Saudi coasts of the Red Sea. The germination ability of
these cysts was also evaluated.

2. Material and methods
2.1. Study area and sample collection
The study area was located in the Red Sea off the south-western
coast of Saudi Arabia, extending from 19.65◦ to 19.80◦ N (Figure 1). The
coastal region of this area is subject to drainage from surrounding rainwater
pools and is affected by aquaculture wastewater discharges from a nearby
shrimp farm. The surface sediments collected from the study area were
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Figure 1. Map showing the study area and locations of sediment samples along
south-western Saudi coasts of the Red Sea

characterized as fine sand and mud (Table 1). Surface sediments were
collected from 6 sites throughout the study area during March 2010. The
sites are ca 20 km distant from each other. Three sediment samples were
collected from different spots (located about 10 m away from one another)
at each site with a flat spade and the subsamples put into plastic jars. Three
Table 1. Contents of organic matter, silt, clay and sand in surface sediments
collected from Saudi coasts during the present study
Sites

Depth
[m]

Organic matter
[%]

Silt
[%]

Clay
[%]

Sand
[%]

site
site
site
site
site
site

4
3.5
0.5
8
6
1

1.1
2.3
0.3
0.5
9.7
9

3.5
1.3
8.2
1.2
9.3
7.3

10.1
33.8
53.6
5.5
3.8
63.4

85.3
62.4
37.9
93.8
77.8
20.3

1
2
3
4
5
6
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replicate subsamples were taken from the top 5 cm using a 1.5-cm-diameter
syringe with a cut-off top. The three replicates were pooled and placed into
containers that were then tightly sealed to prevent germination. All the
samples were stored in the dark at 4◦ C until processing. Aliquots of the
samples were oven-dried at 105◦ C for 6 h to determine sediment dry weight.
The sediments were analysed for grain size following Folk & Ward (1957),
and their organic carbon content was determined according to el Wakeel
& Riley (1957).
2.2. Sediment preparation, microscopy and cyst germination
The sediment samples from each site were homogenized with a glass
rod, and subsamples of the sediment were extracted with a spoon and
sieved through 100 µm and 25 µm Retsch stainless steel sieves using filtered
seawater. The sediments remaining on the 25 µm sieve were collected in
a 50 ml glass container. The collected material was transferred to a test
tube and made up to a total volume of 10 ml with filtered seawater. The
slurry was homogenized by shaking the tube, and a 200 µl aliquot was
transferred to a new test tube. This new aliquot was made up with filtered
sea water to a total volume of 10 ml and poured into an Utermöhl-type
sedimentation chamber (Utermöhl 1958). To prevent their germination, the
cysts were counted and identified within 8 hours at magnifications of 200x,
400x and 1000x under a Zeiss inverted microscope. A minimum of 100
cysts were identified and counted in each sample. The cyst concentration
in each sample was given as cysts per gram (cysts/g) of dry weight
sediment.
Cysts were identified to species level whenever possible based on the
literature listed in the References section; images were obtained from DinoAtlas at http://www.pangaea.de/Projects/Dino-Atlas/dinoflagellates.html
(Marret & Zonneveld 2003). Additional taxonomic references for dinoflagellate cysts, including those of Rochon et al. (1999), Matsuoka & Fukuyo
(2003) and Fensome & Williams (2004), were also used. The biological
taxonomy system was used throughout this study. Photographs were
taken with an Olympus OM4 camera connected to the relevant microscope.
Changes in cyst assemblages were described by the total cyst concentration,
species richness (number of taxa), the proportion of cysts of heterotrophic
and autotrophic dinoflagellates, as well as the value of the Shannon-Weaver
diversity index (H) (Shannon & Weaver 1949).
2.3. Cyst germination
To study the viability of the cysts from the sediments collected and to
confirm their original species (identification), germination experiments were
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conducted. Single cysts (20) were isolated with a glass micropipette and
transferred to 96-well tissue culture plates containing 100 µl f/2 (Guillard
1975) or filtered seawater (Millipore, 0.22 µm). Plates were incubated at 15
and 25◦ C using a 12:12 h light:dark cycle provided by cool white illumination
tubes at 80 µmol m−2 s−1 . The germination experiment was carried out
in triplicate for each cyst species. Cysts were monitored every 2 days for
germination and growth for a maximum of one month, and the percentage
germination was calculated for each cyst type.
2.4. Statistical analysis
Differences in cyst abundance among the study sites were determined by
one-way ANOVA (P < 0 .05). Spearman rank correlation coefficients were
used to measure the degree of association between the cyst abundance, and
the contents of organic matter, silt, clay and sand in the sediments collected.

3. Results
3.1. Composition and distribution of dinoflagellate cysts
A total of 19 taxa of dinoflagellate cysts representing 9 genera and 19
species were identified from all sites during the present study (Table 2,
Figures 2 and 3). These dinoflagellate assemblages comprised 2 species
of Gonyaulacales (19% of the total number of dinoflagellate cysts in all
samples), 6 species of Gymnodinales (33%), 9 species of Peridiniales (16%),
1 species of Prorocentrales (18%) and 1 species of Dinophysiales (13%). Cyst
abundance at the study sites ranged from 3 to 4083 cysts g−1 dry weight
sediment. In general, the proportion of autotrophic cysts (70–83%) in the
cyst abundance was larger than that of heterotrophic ones (17–30%). Of the
individual cyst types, cysts of potentially toxic dinoflagellate species were
more abundant than those of non-toxic species. Cochlodinium polykrikos was
the most abundant at all sites (31%), followed by Prorocentrum minimum
(18%), Dinophysis acuminata (13%), Alexandrium catenella (11%) and
Scrippsiella trochoidea (10%). Although Protoperidinium cysts were found
in very small numbers at all sampling sites (0.03–1.6% of the total cyst
abundance), this genus was represented by more species (six) than any other
dinoflagellate genera during the present study (Table 2): P. claudicans,
P. conicum, P. curtipes, P. leonis, P. minutum and P. subinerme.
Species richness (number of species) of dinoflagellate cysts varied
significantly among the sites studied (F = 3.93, df = 5, P = 0.024). The
highest number of species was recorded at sites 2, 3 and 5, while the number
of species was the lowest at site 4. Species richness was weakly correlated
with the total cyst abundance (r = 0.2) and the percentage of silt in the
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Table 2. Species compositions, abundances (cysts g−1 dry weight) and dominance
of dinoflagellate cysts in surface sediments of the Red Sea off the south-western
coasts of Saudi Arabia
Resting cyst species

Abundance
(cysts g−1 dry weight)

Dominance
[%]

Sampling sites

Gonyaulacales
Alexandrium catenellaa∗
Alexandrium minutuma∗
Gymnodinales
Cochlodinium polykrikoidesa∗
Cochlodinium sp.a
Gymnodinium instriatuma
Gymnodinium sp.a
Gyrodinium sp.a
Polykrikos schwartzii
Peridiniales
Diplosalis sp.
Protoperidinium claudicans
Protoperidinium conicum
Protoperidinium curtipes
Protoperidinium leonis
Protoperidinium minutum
Protoperidinium subinerme
Scrippsiella trochoideaa∗
Scrippsiella ramoniia

3

4

5

6

413

784
823

381
582

342

941
831

1063
943

10.65
8.63

653
34
24
13
28
63

1325
81
65
11
43
98

949
19
54
3
16
47

632

4083
97
69
8
6

3678

30.7
0.7
0.8
0.1
0.3
0.7

14
39
13
24
89
11
68
676

11
51
26
18
87

5
46
39

39
63
89
97
86
31

3

103
111
145
123
151
38
26
956
7

863
2

48
5
44

62
88
67
91
13
10

31
11

0.47
1
1.1
0.9
1.6
0.03
0.48
10.42
0.1

54
823
13

1312

1545

1562

376

319

1519

18

843

977

813

466

192

1608

13.32

4317

6835

5142

2247

8206

10123

Percentage of
autotrophic cysts [%]

83

71.5

76.7

70

70

76.2

Percentage of
heterotrophic cysts [%]

17

28.5

23.3

30

30

23.8

Species richness
(no. of species)

17

18

18

14

18

15

1.93

2.1

1.92

2.25

1.77

1.84

Dinophysiales
Dinophysis acuminataa∗
Total no. of cysts

Diversity (H)

∗

2

69
5
22
524
6

Prorocentrales
Prorocentrum minimuma∗

a

1

Autotrophic species
Harmful

100
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Figure 2. Dinoflagellate cysts isolated from surface sediments off the southwestern coasts of Saudi Arabia: a) Alexandrium catenella, b) Alexandrium
minutum, c) Cochlodinium polykrikoides, d) Cochlodinium sp., e) Gymnodinium
instriatum, f) Gymnodinium sp., g) Gyrodinium sp., h) Polykrikos schwartzii, i)
Prorocentrum minimum. Scale bars: 20 µm

sediments (r = 0.3). The Shannon-Weaver diversity index (H) calculated
for the study sites did not vary significantly among them (F = 1.11, df = 5,
P = 0.4), but the species diversity at sites 2 and 4 was higher (H = 2.1,
2.25, respectively) than at other sites. The diversity index was negatively
correlated with species richness (r = −0.45, P = 0.18, n = 6) and total cyst
abundance (r = −0.72, P = 0.0, n = 6). Total cyst concentration varied from
as many as 10 123 cysts g−1 in the sediments from site 6 to as few as
2 247 cysts g−1 in site 4 sediments (Table 2). Cyst abundance was strongly
correlated with sediment characteristics. The highest cyst abundance was
associated with sediments of high organic carbon (r = 0.86, P = 0.01, n = 6),
silt (r = 0.6, P = 0.1, n = 6), and clay (r = 0.82, P = 0.02, n = 6) contents, but
was negatively correlated with the sand content (r = −0.7, p = 0.05, n = 6)
(Tables 1 and 2).
3.2. Cyst germination
The results of the germination experiment showed that most cysts were
successfully germinated at rates from 74 to 90% at 15◦ C and from 48 to 64%
at 25◦ C (Table 3). However, the germination of Alexandrium cysts was not
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Figure 3. Dinoflagellate cysts isolated from surface sediments off the southwestern coasts of Saudi Arabia: a) Diplosalis sp., b) Protoperidinium claudicans,
c) Protoperidinium conicum, d) Protoperidinium curtipes, e) Protoperidinium
leonis, f) Protoperidinium minutum, g) Protoperidinium subinerme, h) Scrippsiella
trochoidea, i) Scrippsiella ramonii, j) Dinophysis acuminata. Scale bars: 20 µm

significantly affected by the change in temperature (P = 0.12), where the
maximum germination rate was 94% at 15◦ C and 95.6% at 25◦ C (Table 3).

4. Discussion
This study provides the first data about the abundance, composition
and distribution of dinoflagellate cysts, including toxic species, in the Red
Sea sediments off the south-western coasts of Saudi Arabia. The results
showed a considerable similarity in the cyst compositions at the different
study sites, which may be explained by the transportation along with the
flood and ebb tides of dinoflagellate cysts produced in one area to other
areas, where they sink (Hwang et al. 2002, Shin et al. 2007). Earlier
such a similarity in the species composition of dinoflagellate cysts was
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Table 3. Germination rates [%] of cyst species isolated from Saudi surface
sediments during the present study
Cyst species

Germination rate [%]
15 C

25◦ C

Gonyaulacales
Alexandrium catenella
Alexandrium minutum

94 ± 0.5
94.3 ± 0.8

95.6 ± 2.4
95 ± 2.2

Gymnodinales
Cochlodinium polykrikos
Cochlodinium sp.
Gymnodinium instriatum
Gymnodinium sp.
Gyrodinium sp.
Polykrikos schwartzii

76 ± 1
78.7 ± 1.2
74 ± 0.9
80.5 ± 1.3
76 ± 1
81 ± 1.4

49.6 ± 0.7
51 ± 0.6
48 ± 0.8
56 ± 0.9
49 ± 1
57 ± 1

Peridiniales
Diplosalis sp.
Protoperidinium claudicans
Protoperidinium conicum
Protoperidinium curtipes
Protoperidinium leonis
Protoperidinium minutum
Protoperidinium subinerme
Scrippsiella trochoidea
Scrippsiella ramonii

83 ± 0.9
89 ± 2
90 ± 2.1
88.7 ± 1.8
90 ± 2
90 ± 1.6
90 ± 2.1
84 ± 1.2
86.4 ± 1

61.8 ± 1.55
63 ± 1.7
64 ± 1
59.4 ± 1.1
62.6 ± 1.6
61.8 ± 0.8
62 ± 0.9
60 ± 1
61 ± 1.1

Prorocentrales
Prorocentrum minimum

88.6 ± 1.4

64 ± 1.3

Dinophysiales
Dinophysis acuminata

79.2 ± 1

58 ± 1.2

◦

demonstrated in recent sediments from the eastern coasts of Russia (Orlova
et al. 2004). On the other hand, the species composition of dinoflagellate
cysts from the sediments of Saudi coasts can be compared to that recorded
in marine sediments off Japan, Korea, Russia, India, Sweden, Chile and
China (Godhe et al. 2000, Persson et al. 2000, Matsuoka et al. 2003,
Orlova et al. 2004, Wang et al. 2004, Shin et al. 2007, Alves-de-Souza
et al. 2008). As there are no earlier records of recent dinoflagellate cysts
from the Saudi coasts off the Red Sea, comparison with nearby Saudi
localities is not possible. In addition, the assemblages comprised mainly
cosmopolitan dinoflagellate cyst genera such as Alexandrium, Cochlodinium,
Gymnodinium, Polykrikos, Diplosalis, Protoperidinium, Prorocentrum and
Scrippsiella (Matsuoka & Fukuyo 2003).
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In this study, cysts of heterotrophic dinoflagellates were present in low
proportions (17–30%) compared to the huge numbers of cysts of autotrophic
dinoflagellates (70–83%). These results are actually contrary to those of
most studies, which report the dominance of cysts of heterotrophic species
over those of autotrophic species (Godhe & McQuoid 2003, Matsuoka et al.
2003, Fujii & Matsuoka 2006, Harland et al. 2006, Radi et al. 2007). These
authors correlated higher abundances of heterotrophic dinoflagellate cysts
in nutrient-rich areas with high diatom abundances. The discrepancy in
the results between our study and previous studies could be due to the
sampling locations of the sediments: our study was carried out on surface
sediments, whereas most studies were done using sediment traps. Therefore,
the results of the present studies support the hypothesis that heterotrophic
dinoflagellate cysts are dominant in upwelling areas, because diatoms,
being prey organisms for these heterotrophic dinoflagellates, are abundant
(Matsuoka et al. 2003), and that the concentration of heterotrophic cysts
could be reduced up to half in surface sediments (Pitcher & Joyce 2009). The
results of the present study also revealed a low richness of dinoflagellate cyst
taxa (19 species) compared to other studies. The decrease in species richness
of dinoflagellate cysts may indicate that the study region is polluted and
highly eutrophic, as suggested by Pospelova et al. (2002). In addition, we
recorded cysts of heterotrophic taxa, e.g. Protoperidinium, which has been
reported as a high productivity indicator (Dale & Fjellså 1994, Sprangers
et al. 2004, Uzar et al. 2010).
In our study, cyst abundance was closely correlated with sediment
characteristics, where higher concentrations of dinoflagellate cysts were
found in sediments with high contents of silt, clay and organic matter,
and lower cyst concentrations in sandy sediments. These results are thus
in agreement with those of previous studies, which reported that muddy
sediments have higher concentrations of dinoflagellate cysts than sandy
sediments (Nehring 1993, Anderson et al. 2005, Olli & Trunov 2010). This
may be due to the fact that the depositional behaviour of dinoflagellate
cysts is like that of fine particles, and that their abundance increases in
sediments with higher mud contents (Dale 1983).
The present study also showed that most dinoflagellate cysts identified
in Saudi sediments germinated successfully, with germination rates varying
significantly among cyst types at different temperatures. This finding thus
concurs with the conclusions drawn from previous studies that temperature
is the major factor regulating the germination of marine phytoflagellate
cysts (Dale 1983, Pfiester & Anderson 1987, Ishikawa & Taniguchi 1996,
Ishikawa & Taniguchi 1997), and that cyst germination is stimulated in
different organisms by different water temperatures (Meksumpun et al.
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2005). Our results showed that an increase in temperature from 15 to
25◦ C lowered the germination rates of dinoflagellate (Alexandrium) cysts
from Saudi sediments. These results are in agreement with those of
Meksumpun et al. (2005), who reported that some dinoflagellate cysts (but
not Alexandrium cysts) can germinate well at temperatures between 10 and
28◦ C. Also, Ishikawa & Taniguchi (1996) found that Scrippsiella cysts can
germinate at temperatures between 5 and 25◦ C. Therefore, the increase in
temperature may act to prevent seeding or the maintenance of blooms in
the water column during summer periods (Genovesi et al. 2007).
Unlike other cyst types, the germination of Alexandrium cysts was not
affected by the difference in temperatures, with maximum germination rates
reaching as high as 95.6%. Perez et al. (1998) reported that temperature had
no significant effect on the germination of Alexandrium cysts collected from
the St. Lawrence Estuary, Canada. The germination rate of Alexandrium
cysts from Saudi sediments is higher than that obtained (48–52%) by
Bravo et al. (2006), but is comparable with that reported by Garcés et al.
(2004) (up to 91%). Such a remarkable difference in the germination rates
of Alexandrium cysts between the two studies may be explained by the
presence of some distinctive internal features, such as globular content, or
other, genetic or external, factors (Bravo et al. 2006). Germination success
can also be affected by excystment medium conditions, where higher rates
of germination were found for A. catenella cysts isolated in seawater than
in L1 medium (Figueroa et al. 2005). Overall, such information on the
germination of dinoflagellate cysts may be helpful for understanding the
mechanism of the outbreak of dinoflagellate red tides along Saudi coasts, as
cyst bank germinations contribute to the initial seeding of blooms (Genovesi
et al. 2007).
Our study also highlighted the presence of harmful marine dinoflagellate
cysts in Saudi marine sediments. The cysts belonged to the potentially
toxin-producing species of Alexandrium catenella, A. minutum, Cochlodinium polykrikoides, Dinophysis acuminata, Prorocentrum minimum and
Scrippsiella trochoidea, and were recorded at all sampling sites with high
abundances compared to other dinoflagellate cyst species. The presence
of harmful marine dinoflagellate cysts in marine sediments has been
documented worldwide (Matsuoka & Fukuyo 2003, Anderson et al. 2005,
Fahnenstiel et al. 2009, Pitcher et al. 2009) and has been suggested as being
one of the dominant vectors responsible for the apparent global increase
in harmful algal blooms (Hallegraeff 1998). In addition, the dinoflagellate
cysts themselves can be very toxic, containing up to 10 times the toxin
content of vegetative cells, thus constituting a possible source of poison
to organisms long after the motile forms have disappeared from the water
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column (Oshima et al. 1982). Furthermore, the higher abundance of the
cysts of these toxic species in Saudi surface sediments could be a reflection
of the large bloom of these species that recently occurred in this area, as
suggested by Matsuoka & Takeuchi (1995), Kremp & Heiskanen (1999) and
Wang et al. (2004, 2007). These authors reported that large numbers of
resting cysts are produced at the end of blooms and that cyst formation is
regarded as one of the major factors in bloom termination.
To summarize, this is first study of dinoflagellate cysts in marine
sediments off the Saudi Red Sea coast. It therefore contributes to our
knowledge of dinoflagellate cysts and provides a basis for further studies.
The dinoflagellate cysts did not show a significant difference in species
composition or diversity, but both species richness (the number of species)
and cyst abundance varied significantly among the study sites. The
abundance of dinoflagellate cysts was markedly correlated with sediment
characteristics: cyst concentrations were high at sites containing large
amounts of organic matter, silt and clay, but lower on sandy sediments.
All dinoflagellate cysts were successfully germinated, and the maximum
germination rate for cyst species was temperature dependent. Our study
also showed that cysts of six potentially toxic and harmful species were
detected in almost all localities in high abundances. The presence of such
high numbers of toxic dinoflagellate species not only reflects the recent
occurrence of large-scale blooms of these species in the study area, but
can also be a risk factor and constitute an early warning of future harmful
algal blooms. It was stated earlier that a rich cyst bank is not only the
witness of past blooms, but also portends further blooms (Pati et al. 1999).
Therefore, the present study suggests that cyst surveys should be conducted
in other areas of Saudi Red Sea coastlines not yet investigated, in order to
monitor and manage the formation of harmful algal blooms in this country.
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Dale B., Fjellså A., 1994, Dinoflagellate cysts as paleoproductivity indicators: state
of the art, potential and limits, [in:] Carbon cycling in the glacial ocean:
constraints in the ocean’s role in global change, R. Zahn, T. F. Pedersen, M. A.
Kaminski & L. Laberie (eds.), Springer-Verlag, Berlin, 521–537.
de Vernal A., Marret F., 2007, Organic-walled dinoflagellates: tracers of sea-surface
conditions, [in:] Proxies in late cenozoic paleoceanography, C. Hillaire-Marcel
& A. de Vernal (eds.), Elsevier, Amsterdam, 371–408.
el Wakeel S. K., Riley J. P., 1957, The determination of organic carbon in marine
muds, J. Cons. Int. Explor. Mer., 22 (2), 180–183.
Fahnenstiel G., Hong Y., Millie D., Doblin M., Johengen T., Reid D., 2009,
Marine dinoflagellate cysts in the ballast tank sediments of ships entering the
Laurentian Great Lakes, Verh. Int. Verein. Limnol., 30 (7), 1035–1038.
Fensome R. A., Williams G. L., 2004, Scotian Margin PalyAtlas: ver. 1., Geological
Survey of Canada, open file 4677.
Figueroa R. I., Bravo I., Garcés E., 2005, Effects of nutritional factors and different
parental crosses on the encystment and excystment of Alexandrium catenella
(Dinophyceae) in culture, Phycologia, 44 (6), 658–670.
Figueroa R. I., Garcés E., Bravo I., 2007, Comparative study of the life
cycles of Alexandrium tamutum and Alexandrium minutum (Gonyaulacales,
Dinophyceae) in culture, J. Phycol., 43 (5), 1039–1053.
Folk R. L., Ward W. C., 1957, Brazos river bar: a study in the significance of grain
size parameters, J. Sediment. Res., 27 (1), 3–26.
Fujii R., Matsuoka K., 2006, Seasonal change of dinoflagellates cyst flux collected in
a sediment trap in Omura Bay, West Japan, J. Plankton Res., 28 (2), 131–147.
Garcés E., Bravo I., Vila M., Figueroa R. I., Masó M., Sampedro N., 2004,
Relationship between vegetative cells and cyst production during Alexandrium
minutum bloom in Arenys de Mar harbour (NW Mediterranean), J. Plankton
Res., 26 (6), 637–645.
Genovesi B., Mouillot D., Vaquer A., Laabir M., Pastoureaud A., 2007, Towards
an optimal sampling strategy for Alexandrium catenella (Dinophyceae) benthic
resting cysts, Harmful Algae, 6 (6), 837–848.
Godhe A., Karunasagar I., Karunasagar I., Karlson B., 2000, Dinoflagellate cysts
in recent marine sediments from SW India, Bot. Mar., 43 (1), 39–48.

134

Z. A. Mohamed, A. M. Al-Shehri

Godhe A., McQuoid M. R., 2003, Influence of benthic and pelagic environmental
factors on the distribution of dinoflagellate cysts in surface sediments along
the Swedish west coast, Aquat. Microb. Ecol., 32 (2), 185–201.
Guillard R. R. L., 1975, Culture of phytoplankton for feeding marine invertebrates,
[in:] Culture of marine invertebrates animals, W. L. Smith & M. H. Chanley
(eds.), Plenum Press, New York, 26–60.
Hallegraeff G. M., 1998, Transport of toxic dinoflagellates via ships’ ballast water:
bioeconomics risk assessment and efficacy of possible ballast water management
strategies, Mar. Ecol.-Prog. Ser., 168, 297–309.
Hallegraeff G. M., Bolch C. J., 1992, Transport of diatom and dinoflagellate resting
spores in ships’ ballast water: implications for plankton biogeography and
aquaculture, J. Plankton Res., 14 (8), 1067–1084.
Harland R., Nordberg K., Filipsson H. L., 2006, Dinoflagellate cysts and
hydrographical change in Gullmar Fjord, west coast of Sweden, Sci. Total
Environ., 355 (1–3), 204–231.
Hwang J.-D., Kang Y. Q., Suh Y. S., Cho K. D., Park S. E., Jang L. H., Lee N. K.,
2002, Estimation of the range of the suspended solid from the Nakdong River
using satellite imageries and numerical model, Korean Assoc. Geogr. Inf.
Stud., 5 (2), 25–33.
Ishikawa A., Taniguchi A., 1996, Contribution of benthic cysts to the population
dynamics of Scrippsiella spp. (Dinophyceae) in Ongawa Bay, northeast Japan,
Mar. Ecol.-Prog. Ser., 140, 169–178.
Ishikawa A., Taniguchi A., 1997, In situ germination patterns of cysts, and bloom
formation of some armored dinoflagellates in Onagawa Bay, north-east Japan,
J. Plankton Res., 19 (11), 1783–1791.
Kremp A., Heiskanen A.-S., 1999, Sexuality and cyst formation of the spring-bloom
dinoflagellate Scrippsiella hangoei in the coastal northern Baltic Sea, Mar.
Biol., 134 (4), 771–777.
Lewis J., Harris A. S. D., Jones K. J., Edmonds R. L., 1999, Long term survival
of marine planktonic diatoms and dinoflagellates in stored sediment samples,
J. Plankton Res., 21 (2), 343–354.
Marret F., Zonneveld K. A. F., 2003, Atlas of modern organic-walled dinoflagellate
cyst distribution, Rev. Palaeobot. Palynol., 125 (1), 1–200.
Matsuoka K., Fukuyo Y., 2003, Taxonomy of cysts, [in:] Manual on harmful
marine microalgae, G. M. Hallegraeff, D. M. Anderson & A. D. Cembella (eds.),
Monographs on Oceanographic Methodology, Vol. 11, UNESCO Publ., Paris,
563–592.
Matsuoka K., Joyce L. B., Kotani Y., Matsuyama Y., 2003, Modern dinoflagellate
cysts in hypertrophic coastal waters of Tokyo Bay, Japan, J. Plankton Res.,
25 (12), 1461–1470.
Matsuoka K., Takeuchi T., 1995, Productivity of vegetative cells, planozygates and
calcified cysts of dinoflagellate Alexandrium catenella (Whedon et Kofoid)
Balech based on the field observation, Fossils, 59, 31–46.

Occurrence and germination of dinoflagellate cysts . . .

135

Meksumpun S., Meksumpun C., Montani S., 2005, Effects of temperature on the
germination of marine phytoflagellate cysts, Kasetsart J., 39 (1), 149–158.
Mohamed Z. A., Mesaad I., 2007, First report on Noctiluca scintillans blooms in
the Red Sea off the coasts of Saudi Arabia: consequences of eutrophication,
Oceanologia, 49 (3), 337–351.
Nehring S., 1993, Mechanisms for recurrent nuisance algal blooms in coastal zones:
resting cyst formation as life-strategy of dinoflagellates, Proc. Int. Coastal
Congr., ICC-Kiel, 1992, H. Sterr, J. Hofstade & H.-P. Plag (eds.), Peter Lang,
Frankfurt, 454–467.
Olli K., Trunov K., 2010, Abundance and distribution of vernal bloom dinoflagellate
cysts in the Gulf of Finland and Gulf of Riga (the Baltic Sea), Deep-Sea Res.
Pt. II, 57 (3–4), 235–242.
Orlova T. Y., Morozova T. V., Gribble K. E., Kulis D. M., Anderson D. M., 2004,
Dinoflagellate cysts in recent marine sediments from the east coast of Russia,
Bot. Mar., 47 (3), 184–201.
Oshima Y., Bolch C. J., Hallegraeff G. M., 1992, Toxin composition of resting cysts
of Alexandrium tamarense (Dinophyceae), Toxicon, 30 (12), 1539–1544.
Oshima Y., Singh H. T., Fukuyo Y., Yasumoto T., 1982, Identification and toxicity
of the resting cysts of Protogonyaulax found in Ofunato Bay, B. Jpn. Soc. Sci.
Fish., 48 (9), 1303–1305.
Pati A. C., Belmonte G., Ceccherelli V. U., Boero F., 1999, The inactive temporary
component: an unexplored fraction of meiobenthos, Mar. Biol., 134 (3), 419
–427.
Perez C. C., Roy S., Levasseur M., Anderson D. M., 1998, Control of germination
of Alexandrium tamarense (Dinophyceae) cysts from the lower St. Lawrence
estuary, (Canada), J. Phycol., 34 (2), 242–249.
Persson A., Godhe A., Karlson B., 2000, Dinoflagellate cysts in recent sediments
from the west coast of Sweden, Bot. Mar., 43 (1), 69–79.
Pfiester L. A., Anderson D. M., 1987, Dinoflagellate life cycles and their
environmental control, [in:] The biology of dinoflagellates, F. J. R. Taylor (ed.),
Blackwell Sci. Publ. Ltd., Oxford, 611–648.
Pitcher G. C., Joyce L. B., 2009, Dinoflagellate cyst production on the southern
Namaqua shelf of the Benguela upwelling system, J. Plankton Res., 31 (8),
865–875.
Pospelova V., Chmura G. L., Boothman W. S., Latimer J. S., 2002, Dinoflagellate
cyst records and human disturbance in two neighboring estuaries, New Bedford
Harbor and Apponagansett Bay, Massachusetts (USA), Sci. Total Environ.,
298 (1–3), 81–102.
Radi T., Pospelova V., de Vernal A., Barrie J. V., 2007, Dinoflagellate cysts as
indicators of water quality and productivity in British Columbia estuarine
environments, Mar. Micropaleontol., 62 (4), 269–297.
Rochon A., de Vernal A., Turon J.-L., Matthiessen J., Head M. J., 1999,
Distribution of recent dinoflagellate cysts in surface sediments from the North

136

Z. A. Mohamed, A. M. Al-Shehri

Atlantic Ocean and adjacent seas in relation to sea-surface parameters, Am.
Assoc. Stratigr. Palynol. Contrib. Ser., 35, 1–146.
Schwinghamer P., Hawryluk M., Powell C., MacKenzie C. H., 1994, Resuspended
hypnozygotes of Alexandrium fundyense associated with winter occurrence of
PSP in inshore Newfoundland waters, Aquaculture, 122 (2–3), 171–179.
Shannon C. E., Weaver W., 1949, The mathematical theory of communication,
Univ. Illinois Press, Urbana, IL.
Shin H. H., Yoon Y. H., Matsuoka K., 2007, Modern dinoflagellate cysts distribution
off the eastern part of Geoje Island, Korea, Ocean Sci. J., 42 (1), 31–39.
Sprangers M., Dammers N., Brinkhuis H., van Weering T. C. E., Lotter A. F., 2004,
Modern organic-walled dinoflagellate cyst distribution offshore NW Iberia;
tracing the upwelling system, Rev. Palaeobot. Palyno., 128 (1–2), 97–106.
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