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Abstract

Forty-two different dinoflagellate cyst types were found
in recent sediment samples collected between July
1999–September 2002 from 44 stations along the east-
ern coast of Russia. This represents the first survey of
recent dinoflagellate cysts in Russian marine waters. For-
ty cysts were identified to the species level, representing
17 genera. The most common cysts were those of ellip-
soidal Alexandrium spp., Protoceratium reticulatum,
Gonyaulax spp., Polykrikos kofoidii, P. schwartzii, Proto-
peridinium americanum, P. minutum, P. conicoides, P.
subinerme, P. conicum and Scrippsiella trochoidea.
Fifteen of the dinoflagellate species have not previously
been recorded as motile cells in Russian marine waters:
Alexandrium cf. minutum, Cochlodinium cf. polykrikoides,
Diplopsalis cf. lebourae, Fragilidium mexicanum, Gon-
yaulax elongata, G. membranaceae, Gymnodinium cf.
catenatum, Pentapharsodinium dalei, P. tyrrhenicum,
Protoperidinium americanum, P. cf. avellanum, Scripps-
iella cf. lachrymosa, S. cf. precaria, S. cf. rotunda and
Warnowia cf. rosea. Cysts of the potentially toxic species
Alexandrium cf. minutum, A. tamarense and Gymnodi-
nium cf. catenatum were also found in this survey. Ellip-
soidal Alexandrium tamarense type cysts were widely
distributed and dominated many localities in the study
area. These data suggest that additional cyst surveys
should be conducted in areas of the eastern Russian
coastline not yet investigated, and that the potential for
paralytic shellfish poisoning toxicity as a result of blooms
of toxic species may be more widespread than previously
documented.
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Introduction

Reliance on a resting stage to withstand periods of unfa-
vorable environmental conditions is a well-known life-
history strategy in planktonic marine dinoflagellates.
More than 200 species of marine dinoflagellates are

known to form resting cysts (Head 1996). During the last
four decades, dinoflagellate cysts from recent marine
sediments have been studied in many areas of the world:
on the east coast of the United States, in Japan, Australia
and New Zealand, in Europe, China, India, among other
locations (Wall and Dale 1968, Baldwin 1987, Bolch and
Hallegraeff 1990, Ellegaard et al. 1994, Qi et al. 1996,
Sonneman and Hill 1997, Nehring 1997a, Godhe et al.
2000, Persson et al. 2000). Such broad interest in this
type of study indicates the importance of cysts as a com-
ponent of coastal marine ecosystems. Dinoflagellate
cysts can be useful indicators of the development or
presence of eutrophication in recent marine environ-
ments (Harland 1983, Nehring 1995, Sætre et al. 1997,
Matsuoka 1999, Dale et al. 1999). Cysts are also impor-
tant in studies of dinoflagellate ecology and biogeogra-
phy (Dale 1983). The distribution of cysts represents
integrated records of the planktonic assemblage over
time and space, and provides biogeographical informa-
tion on a scale usually not attained by conventional
plankton surveys (Dale 1983).

The cysts found in the sediment will indicate to some
extent which species of motile dinoflagellate cells are
present in the water column. Cyst surveys can thus give
early warning of the presence and abundance of toxic
species in a given area. It is well known that cyst ger-
mination provides an inoculum for blooms, and cyst for-
mation can subsequently remove substantial numbers of
cells as a major factor in bloom decline (Anderson and
Wall 1978, Anderson 1984). The cyst survey reported
here was prompted by questions about harmful algal
blooms (HABs) previously recorded on the Russian Pacif-
ic coast (Konovalova 1995, 1999). The earliest docu-
mented case of paralytic shellfish poisoning (PSP) was in
September 1945 when six people were poisoned, and
two of them died after eating mussels collected in Pavla
Bay on the west coast of the Bering Sea (Lebedev 1968,
Konovalova 1999). Red tides caused by Alexandrium
tamarense (Lebour) Balech were observed in Olyutorsky
Bay in the Bering Sea in July 1986, 1988 and 1990 and
were accompanied by mortalities of cetaceans, fish and
birds (Konovalova 1999). Recent investigations of HAB
events on the Russian Pacific coast have shown an
increase in species diversity and expansion of potentially
toxic species including Alexandrium spp. over the last
several decades (Konovalova 1993, 1999, Orlova et al.
1998).

Knowledge of the composition and distribution of dino-
flagellate cysts in the North Pacific area is limited and
restricted mostly to the southwest Pacific coast. Cyst
distribution has been studied in the coastal waters of
Japan (Matsuoka 1985a,b, 1987, Kobayashi et al. 1986,
Kobayashi and Yuki 1991), in the Chinese coastal areas
of the South China Sea, in the East China Sea and Yellow
Sea (Qi et al. 1996, Cho and Matsuoka 2001), and in
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Figure 1 Map showing the sampling regions and stations on the Russian east coast.
(I) south Primorye, the Sea of Japan, (II) north east Primorye, the Sea of Japan, (III) Aniva Bay, Sakhalin Island, (IV) east coast of
Sakhalin Island, the Sea of Okhotsk, (V) Avachinskaya Guba Inlet, Kamchatka, (VI) Olytorskii Gulf, the Bering Sea, (VII) the west coast
of the Bering Sea and (VIII) Chukotka, the Bering Sea.

southern Korean waters (Lee and Matsuoka 1996). Sur-
veys of fossil dinoflagellate cysts in sediments from the
Bering Sea have been carried out by Bujak and Matsu-
oka (Bujak 1984, Bujak and Matsuoka 1986, Matsuoka
and Bujak 1988). In contrast to adequate data on plank-
tonic dinoflagellates in the Far Eastern Seas of Russia
(Kisselev 1937, 1950, 1959, Gail 1950, Kuzmina 1962,
Konovalova et al. 1989, Konovalova 1998), information
on dinoflagellate cyst assemblages in recent marine sed-
iments on the Russian Pacific coast is almost absent.
Recently, resting cysts of Gyrodinium instriatum Freuden-
thal et Lee and Scrippsiella crystallina Lewis were
described from Russian marine sediments (Orlova and
Morozova 2003, Orlova et al. 2003). The objective of our
study was to describe the species composition and dis-

tribution of dinoflagellate cysts in recent marine sedi-
ments from the Russian Pacific coast.

Materials and methods

Surface sediment samples were collected between Sep-
tember 1999 and October 2002 from 44 stations among
8 geographic regions along the Russian Pacific coast
(Figure 1, Table 1). Samples were collected by divers
using glass or aluminum coring tubes, or by grab. Sam-
ples were stored in the dark at 48C. A total of 81 samples
was analyzed and used for germination experiments
within six months of collection. Sediment processing
generally followed the methods of Anderson et al. (1982)
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Table 1 Location on a map (Figure 1) latitude, longitude, water depth, and sediment characteristics of each sampling station on the
east coast of Russia.

Region Station no. Sampling date No. samples Latitude N Longitude E Depth (m) Sediment characteristic

I 1 01 Nov 2000 1 438029 1318479 25 sand
2 16 Aug 2001 1 42832.89 130850.59 12 muddy sand
3 28 Sep 2000 5 428379 1308499 21 muddy sand
4 11 Sep 1999 1 428339 1308569 15 muddy sand
5 10 Sep 1999 1 428399 1308509 9 mud
6 07 Sep 2001 1 428409 1308479 6 mud
7 05 Dec 2001 4 42837.39 131807.59 17 muddy sand
8 15 Oct 2000 1 42835.59 130855.59 7 muddy sand
9 28 Aug 2001 8 42836.179 130851.59 16 mud

10 16 Aug 2000 4 438159 1318509 11 mud
11 11 Oct 2000 1 43804.289 131852.39 24 mud
12 12 Oct 2000 2 43804.5599 131859.9339 30 mud
13 15 Sep 2000 4 428509 1328469 7 mud
14 20 Sep 2000 3 428459 1338009 10 mud

II 15 14 Oct 2000 1 42849.3419 133848.9879 86 mud
16 14 Oct 2000 1 42852.959 133851.559 25 mud
17 15 Oct 2000 1 43840.3089 135814.8819 26 mud
18 17 Oct 2000 1 448219 1358509 30 mud

III 19 17 Jun 2001 2 46835.379 142825.6459 14 muddy sand
20 17 Jun 2001 1 46835.389 142825.645 14 mud
21 17 Jun 2001 1 46838.39 142841.89E 15 mud
22 17 Jun 2000 2 46824.99 142823.39E 15 sandy mud with pebbles
23 02 Jul 2001 1 46836.99 142852.19E 10 sandy mud with pebbles
24 08 Jul 2001 1 468529 1438079 4 sandy mud with pebbles

IV 25 27 Sep 2001 1 52842.8219 143834.2359 31 sand
26 28 Sep 2001 1 52842.989 143833.89 27 sand
27 30 Sep 2001 1 52843.69 1438449 25 sand

V 28 07 Sep 2001 1 538029 1588359 2 volcanic muddy sand
29 07 Sep 2001 1 538019 1588369 2 volcanic muddy sand
30 07 Sep 2001 1 538009 1588369 1.5 volcanic muddy sand

VI 31 18 Jul 2002 4 59806.539 164817.129 3 mud
32 19 Jul 2002 1 59814.4849 164817.129 6 mud
33 20 Jul 2002 2 60813.339 166848.229 6 mud
34 20 Jul 2002 2 60826.4699 167803.9159 9 mud

VII 35 21 Jul 2002 3 60821.2369 170837.5139 12 muddy sand
36 21 Jul 2002 1 60826.259 171842.299 21 muddy sand
37 21 Jul 2002 2 61801.1879 172806.9079 24.4 mud
38 22 Jul 2002 1 61807.469 172815.639 15.8 mud
39 23 Jul 2002 3 61826.6949 172854.8389 8 mud

VIII 40 26 Jul 2002 2 64838.89 172831.39 38 mud
41 26 Jul 2002 1 64846.19 173809.29 20 mud
42 27 Jul 2002 1 668109 1698499 10.5 muddy sand
43 27 Jul 2002 2 65851.239 170831.159 15 mud
44 27 Jul 2002 1 65838.49 170852.69 13.7 mud

and Matsuoka et al. (1989). Subsamples (1–2 ml) were
diluted with filtered seawater and sonicated for 60 s
using a Branson Sonifier 250 (Branson Ultrasonics Corp.,
Danbury, USA) with a 1.3 cm disrupter horn at a setting
of 4 amperes. The sonicated suspension was sieved
through Nitex screens to obtain a 20–80-mm size com-
ponent. Sieved material was transferred to a polyethylene
tube with filtered seawater and the final volume of this
subsample adjusted to 15.0 ml. One-milliliter aliquots
from this subsample were counted in Sedgwick-Rafter
counting chambers using a Nikon Labophot (Tokyo,
Japan) light microscope at a total magnification of 200=.
Only live cysts were counted. The total numbers of cysts
counted per 1 ml of subsample. Selected cysts were iso-
lated by micropipette and placed on a microscopic slide,
identified, and photographed with a Zeiss (Oberkochen,
Germany) Axioskop light microscope, using bright field.
Individual cysts were used for germination experiments

in order to identify the species characteristics of both
cyst and motile stages. If successful germination of cysts
into thecate cells occurred, they were isolated, washed
in filtered seawater and placed in separate wells of a 96-
well tissue culture plate containing modified f/2 medium
without silicate (Guillard and Ryther 1962), made up with
filtered sea water (Millipore, 0.22 mm). The f/2 medium
was modified by adding Na2SeO3 to 10y8 M and decreas-
ing the concentration of CuSO4Ø5H2O to a final concen-
tration of 10y8 M. The plates were sealed with tape to
avoid evaporation and were incubated at 158C on a
14:10 h light:dark cycle (ca. 200 mmol photons my2 sy1

irradiance provided by cool white fluorescent bulbs).
Cysts were monitored for germination for two weeks
using an inverted Zeiss (Oberkochen, Germany) micro-
scope, IM 35. Thecal plates of germinated cells were
analyzed by staining with Calcofluor White and examin-
ing under epifluorescence, following the method of Fritz
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Table 2 Names of dinoflagellate cyst types identified from the east coast of Russia.

Biological species name Palaeontological References Number of Figures
species name germinated (present

cysts paper)

Alexandrium cf. None Erard-Le Denn et al. 1993, p.110, fig. 2; 0 2
minutum (Lebour) Nehring 1997a, p. 308, figs 44–45
Balech

Alexandrium tamarense None Dale 1977, p. 30, figs 1a–c; 36 3–5
(Lebour) Balech Anderson and Wall 1978, p. 226–227, figs 22–33

Cochlodinium cf. None Fukuyo 1982, as Cochlodinium sp. 1, p.207, 2 6, 7
polykrikoides Margalef pl. 2 figs 1–3; Matsuoka and Fukuyo 2000, as

Cochlodinium sp. 1 (cf. polykrikoides), pl. 5

Diplopelta cf. parva None Matsuoka 1988, p. 100, pl. 1 figs G–K; 0 8, 9
(Abé) Matsuoka Bolch and Hallegraeff 1990, p.186, figs 31 a–c;

Hallegraeff and Bolch 1992, fig. 13

Diplopsalis cf. lebourae None Matsuoka 1988, p. 101–105, pl. 2 figs G–L, 1 10, 11
(Nie) Balech fig. 3b

Diplopsalis lenticula None Matsuoka 1988, p. 105, 107, pl. 3 figs E–K, 8 12
Bergh pl. 7 figs C–E; Lewis 1990, p. 343–345, figs

12, 16, 17; Ellegaard et al. 1994, p. 184, figs
9–10

Fragilidium mexicanum None Blanco 1989, p. 793–795, fig. 21 5 13–17
Balech (as Fragilidium sp.1)

Gonyaulax digitalis Spiniferites bentori Wall and Dale 1968, p. 269, fig. 2; Dale 1983, 2 18, 19
(Pouchet) Kofoid (Rossignol) Wall fig. 5; Nehring, 1997a, p. 311, fig. 5

et Dale

Gonyaulax elongata Spiniferites Reid 1974, p. 602–603, pl. 3, 23,24; 0 20
(Reid) Ellegaard, elongatus Nehring 1997a, p. 311, fig. 7; Ellegaard et al.,
Daugbjerg, Rochon, Reid 2003, 154–156, figs 4–30
J. Lewis et I. Harding

Gonyaulax Spiniferites Lewis et al. 1999, figs 1–19; Ellegaard et al. 2003, 0 21
membranacea membranaceus 157–158, figs 37–54
(Rossignol) Ellegaard, (Rossignol) Sarjeant
Daugbjerg, Rochon, J.
Lewis et I. Harding

Gonyaulax cf. scrippsae Spiniferites Wall and Dale 1968, p. 270–271, pl. 1 figs 0 22, 23
Kofoid bulloideus 13–15; Dale 1983, fig. 6; Matsuoka 1987,

(Deflandre et p. 42–44, pl. 2 figs 5–6; Qi et al. 1996, p. 91,
Cookson) pl. 1B; Nehring 1997a, p. 311, fig. 6
Sargeant

Gonyaulax spinifera Spiniferites mirabilis Wall and Dale 1968, pl. 1 fig. 10; 24, 25
(Claparéde et Lachmann) (Rossignol) Sarjeant Matsuoka 1985a, p. 36–37, pl. 3 figs 1–4;
Diesing Type Spiniferites Bolch and Hallegraeff 1990, p. 175, figs 4a–c;
mirabilis Nehring 1997a, p.311, fig. 8

Gonyaulax verior None Matsuoka et al. 1988, p. 313, figs 1–5; 4 26
Sournia Ellegaard et al. 1994, p. 185–186, figs 17–18

Gonyaulax cf. None Anderson et al. 1988, p. 259–261, figs 7–12, – 27
catenatum Graham 14–16; Bolch and Hallegraeff 1990, p. 185,

Figs 33 a–c; Matsuoka and Fukuyo 1994,
p. 496, figs 2b–e

Gyrodinium instriatum None Fukuyo 1982, p. 206–207, pl. 1 figs 1–3; 3 28
Freudenthal et Lee Kojima and Kobayashi 1992, p. 242–245,

figs 1–7; Uchida et al. 1996, p. 121, figs 11–12

Lingulodinium Lingulodinium Wall and Dale 1968, p. 271–272, pl. 1 fig. 18; – 29
polyedrum (Stein) machaerophorum Matsuoka 1985a, p. 40–41, pl. 8 figs 1–5;
Dodge (Deflandre et Ellegaard 2000, p. 75–78, pl. III fig. 1;

Cookson) Wall Matsuoka and Fukuyo 2000, pl. 9

Pentapharsodinium None Lewis 1991, p. 95–96, figs 10–11, 13–15; 0 30
dalei Indelicato et Godhe et al. 2000, p. 43, fig. 9
Loeblich III

Pentapharsodinium Calcicarpinum Montresor et al. 1993, p. 227, figs 16–21; 0 31, 32
tyrrhenicum (Balech) bivalvum Versteegh Montresor et al. 1994, p. 51, pl. 1 fig. 6;
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(Table 2 continued)

Biological species name Palaeontological References Number of Figures
species name germinated (present

cysts paper)

Montresor, Zingone et Sonneman and Hill 1997, p. 158, figs 12a–d
Marino

Polykrikos kofoidii None Matsuoka 1987, as Polykrikos sp. cf. 0 33, 34
Chatton kofoidii, p. 67–68, pl. 16 figs 1–9;

Nehring 1997a, as, p. 312, figs 11–12

Polykrikos schwartzii None Matsuoka 1985a, p. 61–62, pl. 16 figs 4–10; 0 35, 36
Bütschli Bolch and Hallegraeff 1990, p. 186, figs 32a–b;

Nehring 1997a, p. 312, figs 13–14

Preperidinium meunieri Dubridinium Wall and Dale 1968, p. 280, pl. 4 figs 21–22; 1 37, 38
(Pavillard) Elbrächter caperatum Reid Matsuoka 1988, p. 115–117, pl. 6 figs J–K,

pl. 7 figs G–J, text-figs 8b–c

Protoceratium Operculodinium Wall and Dale 1968, p. 272, pl. 1 fig. 20; 6 39, 40
reticulatum (Claparéde centrocarpum Reid 1974, p. 594–595, pl. 2 figs 10–11;
et Lachmann) Bütschli (Deflandre et Matsuoka 1985a, p. 41–43, pl. 7 figs 1–6;

Cookson) Wall Nehring 1997a, p. 312–313, figs 15, 38

Protoperidinium None Lewis and Dodge 1987, p. 114–115, pl. 1 0 41, 42
americanum (Gran et figs. 1–4; Bolch and Hallegraeff 1990, p.184,
Braarud) figs 29 a–b; Ellegaard et al. 1994, figs 53–55;

Nehring 1997a, p. 313, fig. 32

Protoperidinium cf. Brigantedinium Wall and Dale 1968, p. 277, pl. 4 fig.2; – 43
avellanum (Meunier) cariacoense Lewis et al. 1984, p. 26, fig. 2b; Matsuoka 1984,
Balech (Wall) Reid p. 38–39, pl. 2 figs 5–7, text-fig. 1;

Ellegaard et al. 1994, fig. 44

Protoperidinium Votadinium Wall and Dale 1968, p. 273, pl. 2 figs 1, 2; 0 44–46
claudicans (Paulsen) spinosum Matsuoka 1985a, p. 58–59, pl. 14 figs 1–6;
Balech Reid Bolch and Hallegraeff 1990, p. 184, fig. 25;

Nehring 1997a, p. 313, fig. 17

Protoperidinium Brigantedinium Lewis et al. 1984, p. 26, fig. 2f; 0 47–49
conicoides (Paulsen) simplex Matsuoka 1987, p. 54–55, pl. 6 figs 1–14;
Balech (Wall) Reid Ellegaard et al. 1994, p. 186, figs 36–40

Protoperidinium Selenopemphix Wall and Dale 1968, p. 273–274, pl. 2 figs 4–5; 0 50–53
conicum (Gran) quanta Kobayashi and Matsuoka 1984, figs. 1–15;
Balech (Bradford) Matsuoka Matsuoka 1985a, p. 51–52, pl. 11 figs 1–9

Protoperidinium leonis Quinquecuspis Wall and Dale 1968, p. 276, pl. 2 figs 18–21; 0 54, 55
(Pavillard) Balech concreta Lewis et al. 1984, p. 30–31, pl. 2, fig.3;

(Reid) Harland Matsuoka 1985a, p. 56–57, pl. 3–8, pl. 13
figs 1–4

Protoperidinium None Wall and Dale 1968, p. 278; Fukuyo et al. 1977, 0 56, 57
minutum (Kofoid) p. 11, figs 2A, 3–4; Bolch and Hallegraeff 1990,
Loeblich p. 184, fig. 27; Nehring 1997a,

p. 315, fig. 39; Godhe et al. 2000, p. 43, fig.13

Protoperidinium Votadinium calvum Wall and Dale 1968, p. 272–273, pl. 1 figs 2 58
oblongum (Aurivillius) Reid 25–28; Baldwin 1987, p. 549, fig. 14;
Balech Bolch and Hallegraeff 1990, p. 182, fig. 19a;

Nehring 1997a, p. 315, fig. 22

Protoperidinium Trinovantedinium Wall and Dale 1968, p. 274, pl. 2 figs 11–12; 0 59, 60
pentagonum (Gran) applanatum Lewis et al. 1984, p. 31, pl. 2 fig. 1;
Balech (Bradford) Matsuoka 1985a, p.54–55, pl. 9 figs 1–6;

Bujak et Davies pl. 10 figs 1–6

Protoperidinium Selenopemphix Wall and Dale 1968, p. 276, pl. 2 figs 22–24; 0 61, 62
subinerme (Paulsen) alticincta (Bradford) Bolch and Hallegraeff 1990, p. 180, figs 16a–c;
Loeblich III Matsuoka Baldwin 1987, p. 547, figs 9–11;

Nehring 1997a, p. 317–318, fig. 25

Pyrophacus horologium None Wall and Dale 1971, p. 230–231, figs 34–36; 1 63
Stein Montresor and Marino 1994, p. 265, fig. 13

Pyrophacus steinii Tuberculodinium Wall and Dale 1971, p. 224–226, figs 19–23; 0 64, 66
(Schiller) Wall et Dale vancampoae Matsuoka 1985d, p. 252–254, plates 35–39

(Rossignol) Wall

Scrippsiella crystallina None Lewis 1991, p. 96–99, figs 17–29; 2 67
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(Table 2 continued)

Biological species name Palaeontological References Number of Figures
species name germinated (present

cysts paper)

Lewis Ishikawa and Taniguchi 1993, p. 2–3,
pl. 1 figs 1–5

Scrippsiella cf. None Lewis 1991, p. 98–99, figs 30–36; 0 68, 69
lachrymosa Lewis Montresor et al. 1994, p. 49;

Nehring 1997a, p. 318, figs 26, 41, 58

Scrippsiella cf. precaria None Montresor and Zingone 1988, p. 391, figs 9– 0 70
Montresor et Zingone 10; Ishikawa and Taniguchi 1993, p. 3, 6, pl. 1

figs 11–12

Scrippsiella cf. rotunda None Lewis 1991, p. 101–103, figs 49–52; 0 71
Lewis Ishikawa and Taniguchi 1993, p. 3, pl. 1 figs 6–9

Scrippsiella trochoidea None Bolch and Hallegraeff 1990, p. 177, figs 11a–f; 8 72, 73
(Stein) Loeblich III Lewis 1991, p. 93–94, figs 1–7

Scrippsiella sp. None Bolch and Hallegraeff 1990, p. 180, figs 13a–c 0 74

Warnowia cf. rosea (Pouchet) None Ellegaard et al. 2002, p. 543, figs 2–9 2 75–77
Kofoid et Swezy

Unidentified cyst (cyst type A) 0 78

and Triemer (1985). The terminology used for describing
the dinoflagellate cysts essentially follows the works of
Wall and Dale (1968), Dale (1983), Matsuoka et al. (1989)
and Matsuoka and Fukuyo (2000).

Results

A total of forty-two cyst types, representing 17 genera,
was recorded in the sediment samples analyzed, of
which forty-one types were identified to species level,
and one to genus level. One cyst type could not be clas-
sified and is referred to as cyst type A. A list of the bio-
logical and palaeontological species names of the cysts
is given in Table 2, together with reference to illustrations
and descriptions in the literature. Cysts were found at all
stations in the study area (Table 3). Most cysts were live
and many of them were germinated for identification of
the vegetative cell. The numbers of successful incuba-
tions for each cyst type are given in Table 2. Sampling
sites from which cysts were successfully germinated into
thecate cell are shown in Table 3. Since most of the spe-
cies found are well described in the literature, we give a
detailed description only of those of special interest, the
potentially toxic species and cysts that are new or known
as rare species and that differ in morphology from pre-
viously published reports .

Alexandrium cf. minutum (Lebour) Balech (Figure 2)

The cyst is reniform in lateral view, 23–25 mm in diameter
(number of specimens measured: 3). The wall is covered
with an amorphous, transparent, mucilaginous material
containing detritus. The living cyst contains numerous
clear starch and lipid granules and a red accumulation
body. This cyst type was found in Primorye (regions I and
II) and Aniva Bay (region III). Motile cells of A. minutum

have never been observed in plankton in Russian marine
waters.

Alexandrium tamarense (Lebour) Balech (Figures
3–5)

The elongated ellipsoidal cyst has rounded ends, is
42–62 mm long, and 32–42 mm wide (number of speci-
mens measured: 45). The smooth wall is thick and cov-
ered by a mucoid layer containing detrital particles. The
cyst contains numerous clear starch and lipid granules
and one or two bright yellow-brown pigmented bodies.
Ellipsoidal Alexandrium cysts were widely distributed and
abundant in many localities in the study area (Table 2).
All ellipsoidal Alexandrium cysts used for germination
experiments produced motile cells (Figure 5), which were
identified as Alexandrium tamarense sensu Balech
(1995).

Gymnodinium cf. catenatum Graham (Figure 27)

The cyst is dark reddish-brown, spherical, 51–55 mm in
diameter (number of specimens measured: 4). The wall
is covered by microreticulate surface ornamentation, with
the paracingulum and parasulcus clearly delineated. The
excystment opening is a slit (chasmic archeopyle sensu
Matsuoka 1985c), usually following the paracingulum.
Only empty cysts were found in south Primorye (region
I), so germination experiments were impossible. Motile
cells of Gymnodinium catenatum have never been
observed in plankton in Russian marine waters.

Fragilidium mexicanum Balech (Figures 13–17)

The cyst is spherical, 45–60 mm in diameter (number of
specimens measured: 8), and contains a pale granular
cytoplasm with small droplet inclusions and a bright yel-
low pigmentation body. The cyst wall is smooth and clear
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Table 3 Distribution of dinoflagellate cysts at the sites investigated (% of total represented by each taxon).

Taxa / Stations 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Alexandrium cf. minutum 2 2 1 1 1 1

Alexandrium tamarense 4 e e 4 3 e 1 1 1 2 e 17* e 3 e 11 12 20*

Cochlodinium cf. polykrikoides e 1* 1 e

Diplopelta cf. parva 2 1 1

Diplopsalis cf. lebourae 4 1 e e

Diplopsalis lenticula 4 6* 2 e 6 8* 6* 3 3* 1 4 10 4* 5 3 3* 5 6 9 5 7*

Fragilidium mexicanum 8 4 2 3* 3 2* 3* 4 1 3 3* 5

Gonyaulax digitalis 3 2 e 3 3* 2 1 2 3 3 3 6* 3 4 1

Gonyaulax elongata 1 e 3 4 1

Gonyaulax membranacea 6 e 3 3 1 1 e 1 3 e 3 e 3 e 5

Gonyaulax cf. scrippsae e e 3 3 1 2 1 e 1 1 5 3 3 3 4

Gonyaulax spinifera, type Spiniferites mirabilis 4 2 e 4 e 3 9 2 2 4 4 1 10 3 26 9 3 4 5 3

Gonyaulax verior 3* 1 2 1 1 6* 4* 5 3

Gymnodinium cf. catenatum e e e e e e

Gyrodinium instriatum 2 2 6* 1 3* 1 1 1

Lingulodinium polyedrum e e e e e e e e e e

Pentapharsodinium dalei 3 3

Pentapharsodinium tyrrhenicum 2 2 1 1

Polykrikos kofoidii e 2 e e e e e e 2 e e 1 1 e e e e e e

Polykrikos schwartzii 2 e e e e 1 5 e 1 e e e e e

Preperidinium meunieri 4 3 1 1 1 2 1 1

Protoceratium reticulatum 12 18* 17 8 6 17 6 6* 7* 6 7 6 6 4 10 9 3 14 17* 7* 12 10

Protoperidinium americanum 4 2 3 4 3 3 1 1 4 1 1 e e e 5 3 e 3

Protoperidinium cf. avellanum e e e e e e e e e e e e

Protoperidinium claudicans 2 6 8 3 1 1 1 3 1 e 5 1
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(Table 3 continued)

Taxa / Stations 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Protoperidinium conicoides e e 2 e e e e 3 1 1 e 2 3 3 3 e e 4 5 1

Protoperidinium conicum e 2 4 3 4 1 5 4 6 1 4 6 3

Protoperidinium leonis e 3 e 1 1 3 e e e e

Protoperidinium minutum e 4 1 1 2 1 e 3 3 e 1

Protoperidinium oblongum 4 2 4 6* 3 1 1 2 2 3* 1 3 e

Protoperidinium pentagonum 3 2 6 e 1 e 3 e 3 3

Protoperidinium subinerme 2 1 1 e

Pyrophacus horologium 3 1 1*

Pyrophacus steinii e e e e e 1 1 e

Scrippsiella crystallina 3 1 5* 4 8* 1 7 6

Scrippsiella cf. lachrymosa 1

Scrippsiella cf. precaria 4 2 9 4 6 3 2 1 6 3 4 3 4 3 4 3

Scrippsiella cf. rotunda 3 3 3 1 2 3 1 3 5

Scrippsiella trochoidea 4 12 8 23 9 8 6* 9 11* 13 14 4 16* 2 10 12 3 14 3 4 5 7

Scrippsiella sp. 16 6 2 12 3 4 3 6 3 6 9 4 5 6 9 3 4 3

Warnowia cf. rosea 3* 1 1

Cyst type A

‘‘Round brown’’ cysts* 20 20 17 27 14 14 21 28 16 12 19 28 12 14 21 22 13 14 17 14 17 10

Unidentified cysts* 14 32 18 22 12 13 17 24 17 13 13 16 10 20 39 21 22 27 13 15 31 10

Total number of cysts counted 70 65 100 45 90 60 65 65 156 136 220 108 154 144 40 68 62 45 72 52 40 140
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(Table 3 continued)

Taxa / Stations 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

Alexandrium cf. minutum 1 2

Alexandrium tamarense 55* 92* 93 94 4 55 57* 90 56* 95 95 90* 47 14* 8 13 10 4

Cochlodinium cf. polykrikoides 0.1* 0.1

Diplopelta cf. parva 1

Diplopsalis cf. lebourae 0.1*

Diplopsalis lenticula 8 2 4 e e 0.1 0.1 0.1 1 e e 0.5

Fragilidium mexicanum 1 1

Gonyaulax digitalis 1 e

Gonyaulax elongata e e 4 4 e 0.1 0.1 2 1 e 0.1 1 0.1 1 2 e e e

Gonyaulax membranacea 1 e e e

Gonyaulax cf. scrippsae 1 3 2

Gonyaulax spinifera, type Spiniferites mirabilis 2 1 3 6

Gonyaulax verior 15* 5 3

Gymnodinium cf. catenatum

Gyrodinium instriatum 1 1

Lingulodinium polyedrum e e e

Pentapharsodinium dalei 2 1 5 8 6 1 0.2 0.3 5 6 1 1 0.5 1 2 24 35 5 8 28

Pentapharsodinium tyrrhenicum

Polykrikos kofoidii e e e e e 0.1 e 0.1 e e e e e e e e

Polykrikos schwartzii 4 e e e e e e e

Preperidinium meunieri 1 3 2 3* 0.1 0.1 0.3 1 e

Protoceratium reticulatum 17 10* 22 10 12 1 0.3 6 8 2 0.4 8* e e 4 24 4 35* 15

Protoperidinium americanum 2 e 3 3 0.1 0.1 0.1 2 1 3 0.1 1 0.1 e e 2 4 4 5 4

Protoperidinium cf. avellanum e e e e e e e

Protoperidinium claudicans 2 e 1 e e
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(Table 3 continued)

Taxa / Stations 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

Protoperidinium conicoides 2 e e 4 3 0.1 e 0.1 e e 1 e e e e e 4 e 4

Protoperidinium conicum e e 1

Protoperidinium leonis e e e e

Protoperidinium minutum 2 3 e 3 0.1 0.1 0.1 e 1

Protoperidinium oblongum 1 e

Protoperidinium pentagonum e e e e e e e e e e

Protoperidinium subinerme 2 1 e 4 3 2 1 e 2 2 e 5 4

Pyrophacus horologium

Pyrophacus steinii

Scrippsiella crystallina 2 1 1.4 0.2 3 3 6 0.3 2 0.5 e 15 20

Scrippsiella cf. lachrymosa 0.1 0.1 e 1 2

Scrippsiella cf. precaria 2 3

Scrippsiella cf. rotunda

Scrippsiella trochoidea 5 1 4 5 3 1 2 3 70 9 4 4 4 1 1 5 4 4 8 4 12 4

Scrippsiella sp. 5 1 3 8 3 1 1 1 2 1 1 0.2 5

Warnowia cf. rosea 2*

Cyst type A 2 6 7 1 2 0.1 2 2 7 4 5 4

‘‘Round brown’’ cysts* 15 11 20 25 28 1 1 0.2 4 2 6 1 13 0.3 1 1 9 17 15 24 15 12

Unidentified cyst* 12 8 18 25 22 1 1 0.2 3 2 4 0.2 11 2 2 2 13 9 15 15 20 16

Total number of cysts counted 82 106 70 50 58 611 600 750 166 305 102 1200 92 585 306 1024 100 95 52 50 40 50

e: only empty cysts were observed; *: some cysts from this station were successfully germinated into thecate cell in the present study.
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Figures 2–17 Dinoflagellate cysts isolated from recent sediments of the east coast of Russia.
(2) Alexandrium cf. minutum: median focus, contents. (3–5) Alexandrium tamarense: (3) ellipsoidal cyst, (4) elongated cyst, (5) theca
of a motile cell, germinated from cyst of this type. (6–7) Cochlodinium cf. polykrikoides: (6) irregular labiate processes and folded
membranous outer layer, (7) the germination opening split (arrow). (8–9) Diplopelta cf. parva: (8) median focus, contents, (9) surface
ornamentation. (10–11) Diplopsalis cf. lebourae: (10) granular contents, (11) germinated cyst with hexagonal archeopyle. (12) Diplop-
salis lenticula: empty cyst with theropylic archeopyle. (13–17) Fragilidium mexicanum: (13) median focus, contents and accumulation
body (arrow), (14) surface view, granular wall, (15) circular archeopyle (arrow), (16, 17) theca of a motile cell, germinated from cyst of
this type. – Figures 2–4, 6–15, light microscopy (bright field); Figures 5, 16, 17, light microscopy (epifluorescence using Calcofluor
White). All scale bars 10 mm.

with varying amounts of mucilage and associated detrital
particles attached. The excystment opening is circular.
The wall of the empty cyst is colorless and slightly gran-
ular. This cyst type was common in Primorye (region I)
and in Aniva Bay (region III). Six cysts were isolated and
five of them were successfully germinated to produce
motile cells after 3 days of incubation. The vegetative
stage was identified in cell germination experiments from
the thecal plate pattern (Figures 16, 17) as Fragilidium
mexicanum (Balech 1988). Cysts are known for some
species of the genus Fragilidium (Steidinger 1975, Owen
and Norris 1985, Blanco 1989, Sonneman and Hill 1997).
A red accumulation body is typical of Fragilidium spp.
(Owen and Norris 1985, Sonneman and Hill 1997). All
Fragilidium cysts that were used for germination experi-
ments in this study contained a yellow-colored body. The
cyst found in Russian waters is similar to a cyst of Fra-
gilidium sp. described from European waters by Blanco
(1989), showing the same size, shape, and a yellow-col-
ored body. Motile cells of F. mexicanum have not been
observed previously in Russian marine waters.

Gonyaulax verior Sournia (Figure 26)

The cyst is ovoidal to ellipsoidal, 29–35 mm long,
25–30 mm wide (number of specimens measured: 11),
with a clear yellow-pigmented body and many starch
granules. The cyst is smooth or surrounded by gelatinous
material containing detritus. The post-equatorial zone is
the widest. The cyst wall is without tabulation, some-
times with small antapical boss. Russian cysts are slight-
ly smaller in size than those reported for this cyst type in
the references cited in Table 2.

Scrippsiella sp. (Figure 74)

The spherical cyst, 25–27 mm in diameter (number of
specimens measured: 10), has clear contents and a
bright, ruby-red accumulation body. The cyst wall is rel-
atively thin and clear.

A similar taxon has been recorded in Tasmanian marine
sediments (references in Table 2). This was a common
and widespread cyst type in the study area. Germination
experiments were unsuccessful.
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Figures 18–32 Dinoflagellate cysts isolated from recent sediments of the east coast of Russia.
(18–19) Gonyaulax digitalis: (18) live cyst, median focus, granular contents, processes, (19) empty cyst, surface ornamentation,
precingular archeopyle. (20) Gonyaulax elongata: live cyst, median focus, granular contents, processes. (21) Gonyaulax membranacea:
live cyst, median focus, granular contents, processes. (22–23) Gonyaulax cf. scrippsae: (22) empty cyst, median focus, processes,
(23) same cyst, surface ornamentation. (24–25) Gonyaulax spinifera: type Spiniferites mirabilis, live cyst, median focus, granular
contents, processes. ( 26) Gonyaulax verior: live cyst with granular contents and accumulation body, median focus. (27) Gymnodinium
cf. catenatum: cyst surface with ornamentation and archeopyle. (28) Gyrodinium instriatum: live cyst with granular contents and
accumulation body. (29) Lingulodinium polyedrum: empty cyst with processes and archeopyle. (30) Pentapharsodinium dalei: live
cyst, granular contents and accumulation body. (31–32) Pentapharsodinium tyrrhenicum: live cysts showing the outer calcareous
ridges enclosing an inner spherical body. – Figures 18–32, light microscopy (bright field). All scale bars 10 mm.

Warnowia cf. rosea (Pouchet) Kofoid et Swezy
(Figures 75–77)

The cyst is spherical, 32–37 mm in diameter excluding
processes (number of specimens measured: 3), light
brown in color with a central red-pigmented spot and
globules. The cyst has irregular tufts of darker brown
material and fused darker brown processes. The germi-
nation opening is a simple median split, identical to
chasmic type openings. This cyst has the same size and
morphology as specimens described from Portuguese
waters (Ellegaard et al. 2002). Two cysts were germinated
to produce a motile greenish cell. The motile cells were
short-lived. After two days, cell division and swimming
were not observed, so attempts to establish a culture
were unsuccessful. The motile cell was similar to that of
W. cf. rosea, described by Ellegaard et al. (2002), having
the same size, shape, color and behavior in culture.

Motile cells of Warnowia cf. rosea have not been
observed in Russian marine waters.

Cyst type A (Figure 78)

The one unidentifiable cyst type observed in the study
area is termed type A. The sage-green cysts are round,
20–25 mm in diameter excluding spines (number of
specimens measured: 6), with granular cell contents. The
cyst surface is covered with numerous long spines
(5–6 mm long), which are capitate at the apex. An encyst-
ment opening was not observed.

Discussion

Distribution of cysts

This survey is the first record of dinoflagellate cysts in
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Figures 33–49 Dinoflagellate cysts isolated from recent sediments of the east coast of Russia.
(33–34) Polykrikos kofoidii: (33) empty cyst, median focus, (34) same cyst, surface ornamentation. (35–36) Polykrikos schwartzii: (35)
live cyst, median focus, (36) empty cyst, surface ornamentation. (37–38) Preperidinium meunieri: (37) live cyst, paracingulum, surface
ornamentation, (38) same cyst, apical view. (39–40) Protoceratium reticulatum: (39) live cyst, contents, processes, median focus, (40)
empty cyst, archeopyle. (41–42) Protoperidinium americanum: (41) live cyst, granular contents, folded membranous outer layer, (42)
empty cyst, archeopyle. (43) Protoperidinium cf. avellanum: empty cyst, archeopyle. (44–46): Protoperidinium claudicans: (44) live
cyst, dorsal view, spines, (45) same cyst, apical view, (46) live cyst, granular contents. (47–49) Protoperidinium conicoides: (47) live
cyst, granular contents, para–flagellar pores (arrows), (48) live cyst in lateral view, (49) empty cyst, trapezoidal archeopyle. – Figures
33–49, light microscopy (bright field). All scale bars 10 mm.

recent sediments from the Russian Pacific coast, and
provides useful information on dinoflagellate species dis-
tribution in this area. It should be noted that this is the
first study of its type, and is not intended to be compre-
hensive. Additional, more expansive and detailed studies
are needed. Living dinoflagellate cysts were found at all
forty-four stations. Dinoflagellate cysts were both diverse
and abundant. The most common types were those of
ellipsoidal Alexandrium sp., Protoceratium reticulatum,
Gonyaulax spp., Polykrikos kofoidii, P. schwartzii, Proto-
peridinium americanum, P. minutum, P. conicoides, P.
conicum, P. subinerme and Scrippsiella trochoidea. The
study area covers more than 30 degrees of latitude and
extends from the Arctic, in the northern Bering Sea, to
the Southern Sakhalin and the Sea of Japan. Despite the
difference in hydrographic conditions and number of
sampling stations, we observed considerable similarity in
cyst composition between different study locations (Table
3). More that 17% of cyst types were observed at all
study locations. This may be explained by the high per-
centage of widely distributed and cosmopolitan dinoflag-

ellate species, which can produce resting cysts in the
plankton of the Far Eastern Seas of Russia (Konovalova
1998). The species composition of dinoflagellate cysts
from recent marine sediments along the Russian Pacific
coast is similar to that observed in Japanese, Korean and
Chinese waters (Matsuoka 1985a,b, 1987, 1992, Qi et al.
1996, Lee and Matsuoka 1996, Cho and Matsuoka
2001). As this represents the first study of recent dino-
flagellate cysts in Russian marine waters, comparison
with nearby Russian localities is not possible. However,
fossilized dinoflagellate cysts in sediments from the
Bering Sea have been studied by Bujak and Matsuoka
(Bujak 1984, Bujak and Matsuoka 1986, Matsuoka and
Bujak 1988). Some of the species observed in the recent
sediments in this study were also identified in sediment
cores dated to the Upper Miocene and Pleistocene, e.g.,
Protoperidinium conicoides (sBrigantedinium simplex);
Protoceratium reticulatum (sOperculodinium centrocar-
pum); Gonyaulax spinifera complex (sSpiniferites frigi-
dus); Protoperidinium leonis (sQuinquecuspis concreta);
Pyrophacus steinii (sTuberculodinium vancampoae).
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Figures 50–66 Dinoflagellate cysts isolated from recent sediments of the east coast of Russia.
(50–53) Protoperidinium conicum: (50, 51) live cysts, ventral view, (52) live cyst, apical view, granular contents and spines, (53) empty
cyst, apical view, trapezoidal archeopyle. (54–55) Protoperidinium leonis: (54) live cyst, ventral view, trapezoidal archeopyle (arrow),
(55) empty cyst, dorso-apical view, hexagonal archeopyle and paracingulum. (56–57) Protoperidinium minutum: (56) live cyst, median
focus, contents, processes, (57) same cyst, surface ornamentation. (58) Protoperidinium oblongum: live cyst, median focus, contents.
(59–60) Protoperidinium pentagonum: (59) live cyst, ventral view, (60) empty cyst, ventral view, paracingulum, hexagonal archeopyle
(arrow). (61–62) Protoperidinium subinerme: (61) empty cyst, apical view, (62) same cyst, lateral view. (63) Pyrophacus horologium:
live cyst, granular contents. (64–66) Pyrophacus steinii: (64) live cyst with granular contents and outer wall layer, (65) empty cyst,
surface ornamentation, (66), same cyst, median focus, archeopyle. – Figures 50–66, light microscopy (bright field). All scale bars
10 mm.

Comparison between the species composition of
planktonic dinoflagellates and the resting cysts in differ-
ent study locations along the Russian east coast reveals
similarity in distribution of species. Some dissimilarity
may be noted, however. Cysts of Gonyaulax cf. scrippsae
were common in sediments collected in study regions I
and II (Primorye) and regions III and IV (Sakhalin Island)
(Table 3). According to Konovalova (1998), motile cells of
this species are known only in plankton of Peter the
Great Bay (south Primorye). Cysts of Protoperidinium
oblongum were found in coastal waters of Primorye
(regions I and II), in Aniva Bay (region III) in the Bering
sea (region VI) (Table 3). But distribution of this species
in plankton is restricted to south Primorye coastal waters
(Konovalova 1998). Species of Preperidinium meunieri,
Protoperidinium claudicans and P. leonis have not been
found previously as motile stages in the Bering Sea.
Cysts of Polykrikos kofoidii and P. schwartzii were wide-
spread and very common in the study area (Table 3).
According to Matsuoka and Cho (2000), the cyst-motile
form relationship in P. schwartzii and P. kofoidii must be
reassessed, and they suggest that a separator based on
the surface ornamentation of cysts is not effective for

differentiating these two species. In this paper, we con-
sider the cysts of P. schwartzii and P. kofoidii as two dif-
ferent species. No differences in the distribution of these
species were observed in the study area. In surrounding
waters, motile cells of P. schwartzii and P. kofoidii are
known in the Avachinskaya Guba Inlet on Kamchatka
and in coastal waters of south Primorye of the Sea of
Japan (Konovalova 1998).

Primorye (region I) had the greatest diversity of spe-
cies, with up to 90% of all cyst types found in the study
area. In this region, the largest number of species was
observed in samples collected at the seaport stations in
Amurskii Bay (station 10), in Golden Horn Bay (station
11), in Nakhodka Bay (station 14) and in an area of aqua-
culture farms (stations 3, 7–9, 13). Plankton surveys have
shown that this is an anthropogenically eutrophicated
area, where massive blooms of phytoplankton occur
annually (Stonik and Selina 1995, Stonik and Orlova
2002, Morozova et al. 2002). Cultural eutrophication can
increase phytoplankton production including that of cyst-
forming dinoflagellates (Dale and Fjellså 1994, Dale et al.
1999). Our results agree with data on dinoflagellate cyst
assemblages in surrounding waters, which show the
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Figures 67–78 Dinoflagellate cysts isolated from recent sediments of the east coast of Russia.
(67) Scrippsiella crystallina: live cyst, surface ornamentation. (68–69) Scrippsiella cf. lachrymosa: (68) live cyst, surface ornamentation,
(69), live cyst, median focus. (70) Scrippsiella cf. precaria: live cyst, median focus, contents, processes. (71) Scrippsiella cf. rotunda:
live cyst, median focus, contents. (72–73) Scrippsiella trochoidea: (72) live cyst, median focus, contents, (73) live cyst, surface
ornamentation. (74) Scrippsiella sp.: live cyst, median focus. (75–77) Warnowia cf. rosea: (75) live cyst, median focus, granular contents
and accumulation body, (76) germinated cyst, surface ornamentation, processes, (77) same cyst, archeopyle. (78) Cyst type A: live
cyst, processes. – Figures 67–78, light microscopy (bright field). All scale bars 10 mm.

greatest abundance and diversity of cysts in sediments
of eutrophic coastal waters of China, Korea and Japan
(Lee and Matsuoka 1996, Qi et al. 1996, Matsuoka 1999).

Species previously unknown in Russian marine
waters

Fifteen species observed in this study have not been
found previously in Russian marine waters: Alexandrium
cf. minutum, Cochlodinium cf. polykrikoides, Diplopsalis
cf. lebourae, Fragilidium mexicanum, Gonyaulax elonga-
ta, G. membranaceae, Gymnodinium cf. catenatum, Pen-
tapharsodinium dalei, P. tyrrhenicum, Protoperidinium
americanum, P. cf. avellanum, Scrippsiella cf. lachrymo-
sa, S. cf. precaria, S. cf. rotunda and Warnowia cf. rosea.
Cysts of Fragilidium mexicanum, Scrippsiella cf. precaria
and Warnowia cf. rosea were common (Table 3). Cysts
of Protoperidinium americanum were viable in all study
locations. Successful germination of Cochlodinium cf.
polykrikoides, Fragilidium mexicanum and Warnowia cf.
rosea suggests that these species may be common
members of the phytoplankton community of the Far
Eastern Seas of Russia. Almost all ‘non-indigenous’ spe-
cies are difficult to identify as vegetative cells by light
microscopy. Instead, most of these had an easily rec-
ognizable cyst stage. There are several possible expla-
nations as to why the motile stages of these species
have not been found previously in the plankton (Dale
1983, Ellegaard et al. 1994, Nehring 1994, 1996, 1997b,
Sonneman and Hill 1997): the motile stage is difficult to

identify, short-lived or rare, and hence overlooked in
plankton surveys; the species may have been brought in
to the new area as cysts by currents or ballast water and
may not exist as a motile stage in the plankton; and emp-
ty cysts may be fossilized and originate from older sed-
iments. Cochlodinium cf. polykrikoides, Gymnodinium cf.
catenatum and Warnowia cf. rosea are known as naked
dinoflagellates which are very difficult to identify live in
plankton samples, and impossible in fixed samples.
Small thecate dinoflagellates of both Diplopsalis and
Scrippsiella are often recorded in phytoplankton surveys
in the Far Eastern Seas of Russia but are difficult to iden-
tify without special treatment such as thecal plate anal-
ysis (G. Konovalova and M. Selina pers. comm.). Many
Scrippsiella species were originally described on the
basis of cultures obtained from germination of resting
cysts (Montresor 1995, Lewis 1991).

Finding new species of dinoflagellates in Russian
marine waters during the first cyst survey in the region,
especially given the relatively limited sampling effort in
comparison with the large existing phytoplankton data
set, confirms the floristic and biogeographic importance
of cyst (resting stage) research.

Cysts of toxic dinoflagellates

The cysts of potentially toxic species were found at all
eight locations sampled in this study. Alexandrium cf.
minutum, A. tamarense and Gymnodinium cf. catenatum
are known as PSP producers. Ellipsoidal Alexandrium
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cysts were widely distributed and abundant in many
localities in the study area. Shape, size and cyst contents
varied greatly. The ellipsoidal Alexandrium cysts of the
largest size (length) were observed in the coastal waters
of the Bering Sea (regions 6–8) and near Sakhalin Island
(regions 3 and 4). More elongated cysts of smaller size
(length) were observed in the coastal waters of south Pri-
morye (region 1). The yellow-brown accumulation body
was the characteristic feature for all ellipsoidal Alexan-
drium cysts in this study area. A red accumulation body
is typical of Alexandrium spp. cysts in some other loca-
tions (Anderson and Wall 1978). All ellipsoidal Alexan-
drium cysts used for germination experiments produced
motile cells, which were identified as Alexandrium
tamarense sensu Balech (1995). This cyst type was dom-
inant in the coastal waters of the Bering Sea (regions 6
and 7), in the Anachinskaya Guba Inlet (region 5) and in
Aniva Bay (region 3). This distribution is evidently consis-
tent with the region in which toxic PSP events have been
recorded (Lebedev 1968, Kurenkov 1973). The maximum
density of A. tamarense cysts was recorded in Pavla Bay
(region 7), the area where the earliest documented case
of PSP in Russian waters was recorded in September
1945 (Lebedev 1968).

Gymnodinium cf. catenatum was found only in south
Primorye (region 1). The morphology of this cyst is similar
to the descriptions of the cysts of Gymnodinium caten-
atum, G. microreticulatum and G. nolleri (Ellegaard and
Oshima 1998, Bolch et al. 1999). Differences among
cysts of these species are mainly in size and color. Our
cyst type resembles that of G. catenatum reported from
Spain (Anderson et al. 1988), Tasmania (Bolch and Hal-
legraeff 1990) and Japan (Matsuoka and Fukuyo 1994).
According to Matsuoka and Fukuyo (1994), both cysts
and motile forms of G. catenatum are widely distributed
in the plankton and surface sediments of the Japanese
coast, including along the west coast of the Sea of
Japan, where the maximum surface water temperature is
above 258C. The coastal waters of south Primorye
(region 1) are characterized by summer surface water
temperatures above 208C. The presence of G. catenatum
in the plankton of the study area is doubtful. It is quite
possible that cysts observed in recent sediments are
actually fossilized cysts.

Data on composition and distribution of dinoflagellate
cysts showed that potentially toxic species were found
at all study locations over a much wider area than was
previously known from planktonic observations. These
results suggest that additional cyst surveys should be
conducted in areas of the eastern Russian coastline not
yet investigated, and that the potential for PSP toxicity
as a result of blooms of toxic species may be more wide-
spread than previously documented.
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