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Dinophysis (Dinophyceae) in the pelagic waters of
central and western Pacific
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Abstract: Dinophysis species were observed in the pelagic waters of central and western Pacific.
A total of 33 species, including many rare species that have been seldomly seen before, were re-
corded. Two species, D. acutissima and D. balechii, were confirmed for the occurrence for the
first time since their first descriptions. Compared to the original descriptions, specimens found
in the region usually showed some levels of morphological variations. D. doryphorum, D.
hastata, D. parvula and D. schuettii each comprised more than one morphotypes, the
conspecificity of which is uncertain. These uncertainties call for further studies on both mor-

phology and genetics of the genus.
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1. Introduction

EHRENBERG described the genus Dinophysis
in 1839 with D. acutata as the type species. It
was the only genus of dinophysoids until 1883,
when STEIN introduced several other genera,
including the morphologically closely related
genus Phalacroma. The basic criteria for sepa-
ration of Dinophysis and Phalacroma are the
height of epitheca and the inclination of the
cingular list. Species with low epitheca (which
is not detectable above the cingular list) and
anteriorly—inclined cingular list are classified
as Dinophysis, while those with detectable
epitheca and horizontal cingular list are classi-
fied as Phalacroma. However, since there are
many intermediate species, the delineation be-
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tween the two genera is not clear and the ge-
neric assignments by taxonomists were, as
Korom and SKOGSBERG (1928) stated, “arb-
itrary”. Considering the problem, ABE (1967)
and BALEcH (1967) independently proposed to
merge genus Phalacroma to Dinophysis. There-
after, although there are still sporadically tax-
onomists such as STEIDINGER (1997) and
HALLEGRAEFF (2002) keeping the two genera
separated, this merging is generally accepted
by taxonomists (PARKE and DIXON, 1968;
LARSEN and MOESTRUP, 1992; TAYLOR et al.
2003 e.g.).

So far, more than 200 species of Dinophysis
were reported world wide (SOURNIA, 1968).
Dinophysis are well documented in many parts
of the world such as the Atlantic (STEIN, 1883;
MURRAY and WHITTING, 1899; ScHUTT 1895,
JORGENSEN, 1923 and NORRIS and BERNER,
1970), the Indian Ocean (TAYLOR, 1976). In the
Pacific region, however, studies on this genus
are limited to the eastern waters (KoroIp and
SKOGSBERG 1928) and the neritic western wa-
ters (OKAMURA 1907, 1912; Bonm, 1936; Woob
1954; ABE, 1967). The pelagic waters of central
and western Pacific remain poorly understood.

This study tries to grasp the Dinophysis spe-
cies composition in these poorly known areas.
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Dinophysis in the Pacific region

2. Materials and methods

The study was based on materials collected
during two cruises of R/V MIRAI, MR0O7-01
and MR07-06, in the Pacific Ocean (Fig. 1) dur-
ing 16" February — 26™ March 2007 and 8"
October — 26™ December 2007, respectively.
Plankton samples (totally 141 samples) were
collected by filtering the seawater, which was
continuously pumped from the ship bottom (at
depth of about 4.5 m) during cruising, through
a plankton net with a mesh size of 20 xm. Live
cells of Dinophysis were microscopically iso-
lated using a capillary pipette before trans-
ferred to a chamber made of a vinyl frame and
glass slide (following HORIGUCHI et al. 2000)
and covered with a coverslip for detailed obser-
vation. Morphological characteristics were ob-
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served under an Olympus BX 60 microscope, at
resolutions of 100 x to 400 x (sometimes 1000
x). Images of live cells were taken using a DP
25 Digital Camera accompanied by DP2-BSW
software (Olympus). Identification of species
was based on original descriptions. In cases
where the original description was unclear or
unavailable, the classification was based on the
earliest taxonomical interpretation of the spe-
cies or based on major taxonomical accounts of
Koroib and SKOGSBERG (1928), JORGENSEN
(1923), ABE (1967) and TAYLOR (1976). Group-
ing of morphological groups was made follow-
ing KoroID and SKOGSBERG (1928)'s definitions.

3. Results
A total of thirty—three species of Dinophysis

Table 1. List of Dinophysis species found in the central and western Pacific during R/V cruises MR07-01 and MR07-06.

Morphological groups and species

Stations where the species was found

Rotundatum group

1. D. lativelata (KoroIb et SKOGSBERG) BaLrch (fig. 2)
2. D. rotundata CLAPAREDE et Lacumany (fig. 3)

3. D. whittingae BaLeca (fig. 4)

4. D. parvula (Scaurr) BaLecn (fig. 5 a-b)

Argus group

5. D. elongata (JorRGENSEN) BaLech (fig. 6 a-b)

. amandula Sournia (fig. 7)

. acutoides Balech (fig. 8)

. argus (SteN) Aga (fig. 9)

9. D. apicata (KoroIp et SKoGSBERG) ABE (fig. 10)
Cuneus group

10. D. cuneus (Scnurt) aBa (fig. 11)

Rapa group

11. D. rapa (SteiN) Bavecn (fig. 12)

12. D. mitra (Scuurr) ABE (fig. 13)

13. D. favus (Korom et MicHENER) ABE (fig. 14)

14. D. hindmarchii (Murray et WrrrTiNG) BaLecn (fig. 15)
Doryphorum group

15. D. ¢f. cuneolus (Koroip et SKkoGsBERG) BaLech (fig. 16)
16. D. cf. pugiunculus (JorceENsEN) Barech (fig. 17)
17. D. doryphorum (SteiN) Barkch (fig. 18)

18. D. acutissima Gaarper (fig. 19)

Hastata group

o N>
Soo

130

6,15,60,62,68,70,75,77,78,82,126,128, 130,142
54,56,50,60,62,69,70,75,77,78,82,84,128,130
12,217,29 30,32,33 38,40,85,84,86

86,138
5,15,16,17,20,24,35,40,77,82,90,91,96,105,124,126,130
27,38

35,40,136

15,17,18,24,35,38,53,91,92

17,24,33,36,53,91,92,102,104,126 127,130,137

15,16,17,19,20,24,27,30,89,92,96,97,99
15,16,60,62,91,92,93,96,97,99,105,124,126,134,141
18,20

95,99,126,135,136

95

130,137
4,7,16,17,18,20,24,38,88,89,91,92,93,102,120,124,130,134,136,141
86

19. D. hastata SteIN sensu lato Koroip et Skoassera (fig. 20a-¢)7,22,23,24,30,34,35,40,96,99,100,102,105,116,122,124,128,130,131,133,137

20. D. schuettii MURRAY et WHITTING (fig. 21 a-b)
21. D. pusilla Jorcensen (fig. 22 a-b)

22. D. balechii Norrrs et BErngr (fig. 23 a-b)
Acuta group

23. D. exigua Koroip et SkosserG (fig. 24)

24. D. infundibulus SchiLLER sensu Agg (fig. 25)
25. D. similis Koroib et SkoGsBerG (fig. 26)

26. D. norvegica CLAPAREDE et Laciavann (fig. 27a-b)
27. D. recurva Koroip et SkoasserG (fig. 28)

28. D. ¢f. ovum Scuurt (fig. 29)

29. D. fortii PaviLLarp (fig. 30)

30. D. schroederi PaviLLarD (fig. 31)

Caudata group

31. D. caudata SaviLLe-Kent (fig. 32)

32. D. tripos Gourrer (fig. 33)

Expulsa group

33. D. expulsa Korowp et Micuengr (fig. 34)

6,16,17,18,24,38,92,100,102,126,128,130
40,96,130,136
20,85,86,126,128

20,34,35,89,40

69,77
17,25,30,40,90,91,100,114,130
69,70,71,72,74,75,76,77,78,81,82
40,69,70,71,72,73,74,75,76,77,82
88

5, 69,87,88,91
40,41,43,44,45,50,53,62,88,133,141

38,43,45,50,51,53,54,60,61,62,63
45,50,53,54,56,60,62,69,82,83,84,85,86,92,108

10,90,93,121
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Figs. 2-11. Dinophysis of the rotundata, argus and cuneus groups. 2-5 : the rotundata group. 2. D. lativelata,
3. D. rotundata, 4. D. whittingae, 5. D. parvula. 6-10 : the argus group. 6. D. elongata, 7. D.
amandula. 8. D. acutoides, 9 - D. argus, 10- D. apicata. 11 : the cuneus group : 11. D. cuneus. Scale
bar is applied for all figures.

belonging to nine morphological groups were
recorded (table 1). Images of live-specimen of
these species are shown in Figures 2-34. Among
them, fifteen species were widely distributed
(recorded in more than ten stations — see table
1); nine species had very limited distribution
(found in only one or two stations); and the
rest nine species were moderately distributed
(found in three to ten stations). Particularly,
the two species, D. cf. cuneolus (Fig. 15) and D.
acutissima (Fig. 19) were so rare that, for each

species, we were able to find only one cell dur-
ing the two cruises.

In addition to these thirty-three species, we
also encountered some new species. Descrip-
tions of these species are being prepared.

In terms of morphology, most of Dinophysis
species found in the region showed some levels
of variation from their type description. Four
species, D. doryphorum (Fig. 18), D. hastata
(Fig. 20), D. parvula (Fig. 5) and D. schuettii
(Fig. 21), each showed several morphotypes,
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Figs. 12-19. Dinophysis of the rapa and doryphorum groups. 12-15 : rapa group. 12. D. rapa, 13. D. mitra, 14.
D. favus, 15. D. hindmarchii. 16-19 : doryphorum group. 16. D. c¢f. cuneolus, 17- D. ¢f. pugiunculus,
18- D. doryphorum, 19- D. acutissima. Scale bar is applied for all figures.

Figs. 20-23. Dinophysis of the hastata group. 20. D. hastata, 21. D. schuettii, 22. D. pusilla, 23. D. balechii.
Scale bar is applied for all figures.
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Figs. 24-34. Dinophysis of the acuta, caudata and expulsa groups. 24-31 : the acuta group. 24. Dinophysis
extgua, 25. D. infundibulus, 26. D. similis, 27. D. norvegica, 28. D. recurva, 29. D. ovum, 30. D.
fortii, 31. D. schroederi. 32-33 . the caudata group. 32. D. caudata, 33. D. tripos. 34 . the expulsa
group. 34 . D. expulsa. Scale bar is applied for all figures.

some of which may not be conspecific. These
morphotypes are being subjected to further
morphological ~and  molecular  analysis
(NGUYEN et al., in preparation).

4. Discussion

Prior to this study, there have been only few
studies on Dinophysis in the central and west-
ern Pacific, although numerous studies on
phytoplankton have been carried out in the re-
gion (see HASEL (1960) for the list). Except

four species, D. hastata, D. schuettii, D. similis
(Fig. 26), and D. caudata (Fig. 32), which have
been reported from the tropical water of middle
Pacific by Rampr (1952) and SCHRODER (1906),
the rest twenty—nine species are new records
for the region.

Most of these Dinophysis species (thirty out
of thirty—three species), however, have been
previously reported elsewhere in Pacific Ocean,
either in the pelagic eastern Pacific (Korop
and SKOGSBERG, 1928) or the neretic waters of
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Australia (Woobp, 1954), Japan (OKAMURA
1907, 1912 and ABE, 1967) and South China Sea
(Bomnm, 1936).

Three species, D. acutissima, D. balechii (Fig.
23) and D. pussila (Fig. 22), were for the first
time recorded in the Pacific Ocean. Particu-
larly, for D. acutissima and D. balechii, this is
the first confirmation of their existence since
their first descriptions were made by GAARDER

(1954) and NoRrIs and BERNER (1970), respec-
tively.

It should be noted that three species D.
recurva, D. whittingae and D. amandula are
frequently documented under invalid names D.
lenticula, D. rudgei and D. ovum, respectively
in some papers such as ABE (1967), GARATE —
LIZARRAGA et al. (2007).

The first species, D. recurva, was first de-
scribed by Pavillard (1916) under the name D.
lenticula. KoroID and SKOGSBERG (1928) (page
228) renamed it as D. recurva since they recog-
nized that the name D. lenticula had been pre-
occupied. ABE (1967) wused the name D.
lenticula to refer this species, perhaps, because
of overlooking KoroID and SKOGSBERG® S argu-
ment.

The second species, D. whittingae, was
named by BaLecH (1967) for the senior syno-
nym Phalacroma rudget when he merged the
genus Phalacroma to Dinophysis. In the same
year, ABE (1967) made the same merging but
this author used the name D. rudgei for P.
rudget without recognizing that the name D.
rudger had been previously reserved for an-
other species by MURRAY and WHITTING
(1899).

The third species, D. amandula, passed a
complicated history of systematic. It was origi-
nally described by ScHUTT (1895) under the
name Phalacroma ovum (In his figure (figure
112, plate 2), however, it was noted by the
name P. operculoides; but this was a mistake —
see KOFOID & SKOGSBERG, 1928, page 121 for ex-
planation). When merging genus Phalacroma
to Dinophysis, BALECH (1967) renamed it as D.
amygdala because the name D. ovum was pre-
occupied (D. ovum ScHUTT, 1895). Later, how-
ever, SOURNIA (1973) found that D. amygdala
was invalid because it was a homonym for D.
amygdalus, a species raised by PAULSEN (1949).

SOURNIA therefore again renamed it as D.
amandula.
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