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Phytoplankton composition collected in October 2003
in Ariake Sound, West Japan

Kazumi Marsuoka”!, Keisuke Trzaxr’? Mitsunori Iwaraxr''?
and Koichiro MizusHiMa”?

For understanding frequent occurrences of red tides in Ariake Sound, West Japan, recogni-
tion of annual succession of phytoplankton is one of the important fundamental data. We exam-
ined phytoplankton species composition in several different sampling stations in Ariake Sound in
October 17-19 by the T/R vessel Kakuyo-Maru. Samples were collected by vertical net hauling
from 3-4 m water depth. Differences on species composition were found between mouth and
inner part of the sound. Phytoplankton species in Stations 1 and 2 (mouth of the sound) con-
sisted mainly of diatoms such as Actinoptychus senarius, Odontella mobiliensis, Thalassionema
nitzschioides and T. frauenfeldii, whereas Station 4 (inner part) was characterized by dominance
of diatoms, Chaetoceros pseudocurvisetus, Eucampia zodiacus, Rhizosolenia setigera as well as
dinoflagellates Akashiwo sanguinea and several species of Protoperidinium. Additionally,
silicoflagellates and haptophytes were also observed in the inner part. In the most inner part of
the sound, red-tide caused by A. sanguinea was observed. This floristic difference between the
mouth and inner parts was assumed due to the influence of the high temperature and salinity
pelagic waters from the East China Sea.

Key Words: 0 00O Ariake Sound, 00000000 phytoplankton, OO red tide, 00O diatom,
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Fig. 1 Sampling stations during the cruise of the T/R
vessel Kakuyo-Maru (St.0 ., N32°35, E130°00';
St.0, N32°35, E130°15"; St.O ., N32°45.3", E130°
26.2'; St.0 ., N32°55.5", E130°18"). A point of 'red
tide' showing a site where red tide of A.
sanguinea was confirmed (N33°00.5', E130°13.7").
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Fig. 2 Temperature, salinity and chlorophyll a at each
station.

Odontella mobiliensis (Bailey) Grunow, Thalassionema
nitzschioides (Grunow) Mereschkowsky

O 0 00 00 Prorocentrum micans Ehrenberg, Dinophysis
caudata Saville-Kent

00Ooooogdod Dictyocha fibula Ehrenberg, Dictyocha
speculum Ehrenberg

0000000 Ebria tripartita (Schumann) Lemmermann
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0 O 0O O Skeletonema costatum (Greville) Cleve, Thalassionema
Sfrauenfeldii (Grunow) Hallegraeff, Thalassionema
nitzschioides
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O O O O Actinoptychus senarius, Chaetoceros pseudocurvisetus
Mangin, Eucampia cornuta  (Cleve)  Grunow,

Eucampia zodiacus Ehrenberg, Rhizosolenia setigera
Brightwell, Thalassionema frauenfeldii

000000 Akashiwo sanguinea (Hirasaka) G. Hansen
et Moestrup, Protoperidinium spp.
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Fig. 3 Light microscopy of diatoms and cyanobacteria occurred in this study (1-22). 1.

Actinoptychus senarius (Ehrenberg) Ehrenberg; 2. Asterionellopsis glacialis (Castracane)
Round; 3. Bacteriastrum hyalinum Lauder; 4. Chaetoceros curvisetus Cleve; 5. Chaetoceros
danicus Cleve; 6. Chaetoceros decipiens Cleve; 7. Chaetoceros lorenzianus Grunow; 8.
Chaetoceros peruvianus Brightwell; 9. Chaetoceros pseudocurvisetus Mangin; 10. Corethron
criophilum Castracane; 11. Ditylum brighytwellii (West) Grunow; 12. Eucampia zodiacus
Ehrenberg; 13. Neodelphineis pelagica Takano; 14. Odontella longicruris (Greville) Hoban;
15. Odontella mobiliensis (Bailey) Grunow; 16. Odontella sinensis (Greville) Grunow; 17.
Rhizosolenia setigera Brightwell; 18. Skeletonema costatum (Greville) Cleve; 19.
Thalassionema frauenfeldii (Grunow) Hallegraeff; 20. Thalassionema nitzschioides (Grunow)
Mereschkowsky; 21. Thalassiosira mala Takano; 22. Microcystis sp. Scale bar: 20y m
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Fig. 4 Light microscopy of dinoflagellates, raphidophytes, haptophytes and silicoflagellates occurred
in this study (23-42). 23. Prorocentrum micans Ehrenberg; 24. Prorocentrum sigmoides Bohn;
25. Dinophysis acuminata Claparede et Lachmann; 26. Dinophysis caudata Saville-Kent; 27.
Dinophysis fortii Pavillard; 28. Dinophysis rotundata Claparede et Lachmann; 29. Akashiwo
sanguinea (Hirasaka) G. Hansen et Moestrup; 30. Protoperidinium depressum (Bailey) Balech;
31. Protoperidinium cf obtusum (Karsten) Parke et Dodge; 32. Scrippsiella sp.; 33. Ceratium
furca (Ehrenberg) Claparede et Lachmann; 34. Ceratium tripos (Muller) Nitzsch; 35.
Gonyaulax spinifera (Claparede et Lachmann) Diesing; 36. Lingulodinium polyedrum (Stein)
Dodge; 37. Pyrophacus steinit (Schiller) Wall et Dale; 38. Chattonella marina (Subrahmanyan)
Hara et Chihara; 39. Dictyocha fibula Ehrenberg; 40. Dictyocha speculum Ehrenberg; 41.
Gephyrocapsa oceanica Kamptner; 42. Ebria tripartita (Schumann) Lemmermann. Scale bar: 20y m
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Table 1. Species composition and frequency of phytoplankton occurred in this study.

Red tides reports from Japan

Picture

No.

St.1

St.2

St.3

St.4

St. 4-1
{20:00,0m)

St. 4-1
(22:00,0m})

St. 4-1
(22:00,13m)

Red tide

[Diatoms

Actinoptychus senarius

Q0

&)

(8]

8]

| Asterionellopsis glacialis

Tokyo Bay, Matoya Bay

|Asteromphalus flabellatus

ag

[Bacteriastrum hyalinum

|Reported as Bacteriastrum spp.

adg

adg

Bacteriastrum minus

(o]
(o]

Cerataulina dentata

Chaetoceros compressus

|Tlepoered as Chaetoceros spp.

Chaetoceros curvisetus

a

Chaetoceros danicus

Chaetoceros decipiens

]

gg

Chaetoceros didymus

Chaetoceros lorenzianus

@

Chaetoceros peruvianus

Chaetoceros pseudocurvisetis

[e]®)

[@)

Corethron criophilum

S| ool

Coscinodiscus spp.

ll—leponed as Coscinodi spp.

Cyclotella sp.(litoralis or striata)

Doukai Bay.

Jd 19ggag

Cylindrotheca closterium?

[Detonula pumila

Ditylum brightwellii

[Eucampia cornuta

Eucampia zodiacus

Ariake Sound, Chiba Bay, Harima Sound

aqad

aag

Helicotheca tamesis

Jd [adg

[Lauderia annulata

Leptocylindrus danicus
Melosi P

13

is pelagica

Odontella longicruris

14

Odontella mobiliensis

Odontella sinensis

16

[ele

Paralia sulcata

Pleurosigma spp.

d Qg |G

Pseudo-nitzschia sp.

dg

Rhizosolenia imbricata

Ariake Sound

Rhizosolenia setigera

|Reported as Rhizasolenia sp.

g

Pseudosolenia calcar-avis

Skeletonema costatum

d [9odag {ddg

gqaqagaaag

@

Stephanopyxis palmeriana
Thalassi Foldi

19

d

Thalassi - —

20

ag

Thalassiosira mala

Tokyo Bay

21

Thalassiosira spp.

Triceratium sp.

dq 1agqdqq |G

dg 1aggaqaq |99 19

dd 1agd g 194G

e[e

(Navicula spp.

aqaggyg

Surirella sp.

[Ephemera sp.

Jdoagdag

[&

[&

{Dinoflagellates

Prorocentrum micans

Ise Bay, Hunka Bay

23

=

Prorocentrum sigmoides

Omura Bay, Kagoshima Bay, Shodo Isiand

24

(Dinophysis acuminata

25

|Dinophysis caudata

Ado Tke

26,

[@]

[Dinophysis fortii

27

Dinophysis rowundata

28

ggqaq

[Akashiwo

|Seto Inland Sea, Ariake Sound, Tokyo Bay,cic. ...

29

Orare)

O(rare)

Gymnadinium sp.

aq g (g

Gyrodinium instriatum

Misaki Coast

a g {gqg

Polykrikos kofoidii

Isc Bay

Diplopsalis cf. lenticula
7

Protoperidinium claudicans

Protoperidinium conicum

Protoperidinium depressum

30]

Protoperidinium_cf. obtusum

31

Protoperidinium pallidum

Protoperidinium pellucidum

Protoperidinium p

Protoperidinium pyriforme

Protoperidinium subinerme

Protoperidinium_spp.

Scrippsiella cf. trochoidea

32

aqg

ada |dg

aqaq [qgqgqgagqga 1Iag 19

Alexandrium fraterculus

Ceratium furca

Ariake Sound, Sagami Bay, etc....

Ceratium fusus

Ariake Sound, Sagami Bay, efc....

dg

Ceratium tripos

34

ag

Gonyaulax spinifera

Reported as Gonyaulax sp.

35

Lingulodinium polyedrum

Ago Bay

36

Pyrophacus steinii

37

g A 1qd9g

Raphidophytes

Ch lla marina

|Seto Infand Sea, Kagosima Bay

Dictyochophytes

Dictyocha fibula

Osaka Bay, Mikawa Bay, etc....

39

Dictyocha speculum

40

[aptophytes

Gephyrocapsa oceanica

Isc Bay ?

a1

Cyanophyfes

Microcystis sp.

22

incertac sedis

|Fbria inipariita

42

poooooobobobboooooobobooooo, oo
OoooocC. curvisetus, C. pseudocurvisetusd O O 0O O
gooooooobooobo, bobooboooobooo
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Table 2. Distribution of phytoplankton confirmed in this study.

Distribution

Diatom

| Actinoptychus senarius

cosmopolitan,coastal waters.

| Asterionellopsis glacialis

cosmopolitan,sometimes abundant in plankton in cold to temperate coastal waters.

lwarm water region.

(Asteromphalus flabellatus

Bacteriastrum hyal

in P waters. coastal?

Bacteriastrum minus

wanm water region?

Ce lina dentata

coastal warm water region.

Chaetoceros compressus

warm water region to temperate. coastal?

Chaetoceros curvisetus

cosmopolitan, mainly temperate and warm water.  coastal?

Chaetoceros danicus

an?

Chaetoceros d

coastal?

Chaetoceros didymus

lwarm water region to temperate.

Chaetoceros lorenzianus

warm water region.  coastal?

Chaetoceros peruvianus

lwarm water region to temperate. oceanic?

Chaetoceros pseudocurvisetus

warm water region. oceanic?

Corethron criophil

Coscinodiscus spp.

Cyclotella sp.(litoralis or striata

litoralis:southern and northern temperate region,coastal. striata:northern temperate region coastal.

Cylindrotheca closterium?

[Detonula pumila

probably litan with a preference for warmer waters.

Ditylum brightwellii

although not recorded from polar regions.  coastal?

Eucampia cornuta

lwarm water region.  coastal?

Eucampia zodiacus

cosmopolitan, probably absent from polar region. coastal?

Helicotheca tamesis

[warm water region to teperate.

Lauderia I

warm water region to teperate.

cosmopolitan,absent or scarce in the subantarctic/antarctic.

Leptocylindrus danicus
Melosi Toid,

cosmopolitan?  coastal to brackish?

Neodelphineis pelagica

warm water region to temperate?

Odontella longicruris

[warm water region to temperate.

Ty

Od 7 biliensis

Odontella sinensis

cosmopolitan?

Paralia sulcata

bottom form but fairly comman in coastal plankton, probably cosmopolitan.

[Pleurosigma spp.

Pseudo-nitzschia sp.

Rhizosolenia imbricata

widely distributed although not in polar regions. _oceanic?

[Rhizosolenia setigera

litan, probably absent from polar waters. coastal?

Pseudosolenia calcar-avis

warm water region, occationally in temperate waters. icum?

litan, absent from the high Arctic and Antarctic.

temperate to warm water region,  coastal?

Stephanopyxis palmeriana
Thalassi 7 YAP

warm water region to temperate.

Thalassionema nitzschivides

Jitan but not in the high Arctic and Antarctic

Thalassiosira mala

warm water region to temperate?

Thalassiosira spp.

Triceratium sp.

Navicula spp.

Surirella_sp.

[Ephemera sp.

Dinoflagellata

[Prorocentrales

Prorocentrum micans

neritic and estuarine, but found in oceanic enviroments. cosmopolitan.

Prorocentrum sigmoides

temperate to warm water region.

Dinophysiales

Dinophysis acuminata

neritic; typically cold and warm waters, cosmopolitan

Dinophysis caudata nertic and estuarine in warm temperate to tropical waters, worldwide; rarely found in cold water, pessibly in warm water masses.
Dinophysis fortii oceanic and neritic; cold temperate to tropical waters, worldwide distribution.

Dinophysis rotunda cosmopalitan.

‘Gymnodiniales

Akashiwo temperate to tropical estualine and coastal waters.

Gymnodiniun sp.

Gyrodinium instriatum

temperate and tropical estuarine and neritic water; cosmopolitan.

Polykrikos kofoidii temperate to tropical waters; cosmopolitan.
Peridin
Diplopsalis cf. lenticul estuarine to oceanic; cosmopolitan in cold temperate to tropical waters.

Protoperidinium claudicans

principally coastal and open water, but found in estuarine envil . Temp to tropical;

Protoperidinium conicum

coastal and oceanic. cosmopolitan in temperate to tropical waters

Protoperidinium depressum

coastal and oceanic; even forms blooms in warm water estuaries.temperate to tropical waters; cosmopolitan.

Protoperidinium cf. obtusum

coastal and oceanic; temperate to tropical. cosmopolitan.

Protoperidinium pailidum

coastal and oceanic from cold temperate to warm temperate waters; worldwide distribution

Protoperidinium pellucidum

mainly coastal and in to tropical waters.

Protoperidinium pentagonunt

principally coastal, but found in estuarine environments. cosmopolitan in temperate to tropical waters.

Protoperidinium pyriforme

cosmopalitan. coastal.

Protoperidinium subinerme

coastal and open water.temperate to tropical waters.

Protoperidinium spp.

Scrippsiella cf. trochoidea

cosmopolitan neritic and estuarine species.

Gonyaulacales

(Alexandrium fraterculus warm water.

Ceratium furca principally coastal, but found in estuarine and oceanic environments; itan in cold temperate to tropicat waters.
Ceratium fusus oceanic to estuarine; principally coastal. cosmopolitan in cold temperate to tropical waters.

Ceratium tripos

coastal and oceanic. cosmopolitan in cold temperate to tropical waters;worldwide distribution.

Gonyaulax spinifera

neritic, estuarine, oceanic; cosmopalitan.

Lingulodinium polyedrum

cosmopolitan.

Pyrophacus steinii

'warm temperate to tropical waters of all oceans.

Raphidophyceae

Raphidomonadales

Chattonella marina

Dictyochophyceae

Dictyochales

Dictyocha fibula

oceanic.

Dicryocha speculum

coastal and oceanic.

Haptophyceae

Tsochrysidales

Gephyrocapsa oceanica

tropical to warm temperate waters region.

Cyanophyceae

Microcystis sp.

incertae sedis

Ebria tripartita

coastal.
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Fig. 5 Vertical distribution of chlorophyll «, salinity and temperature at St. 4 (A 14:00, B 22:00). "Max" showing
the depth of chlorophyll ¢ maximum.
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Appendix 1. Synonym list of phytoplankton species oc-
curred in the present and previous studies
at Ariake Sound.

Species name

Dinoflageliate
|\ Akashiwo sanguinea (Hirasaka) G. Hansen et Moestrup Gymnodinium sanguineum Hirasaka
Lingulodinium polyedrum (Stein) Dodge Lingulodinium polyedra Stein

Synonym

Diatom

| Asterioneliopsis glacialis (Castrane) F. E. Round
Chaetoceros affinis Lauder

Chaetoceros compressus Lauder
Chaetoceros costatus Pavillard
Chaetoceros curvisetus Cleve

Chaetoceros debilis Cleve

Chaetoceros didymus Ehrenberg
Chaetoceros laciniosus Schiitt
Chactoceros lorenzianus Grunow
Chaetoceros pseudocurvisetus Mangin
Chaetoceros socialis Lauder

Guinardia delicatula (Cleve) Hasle
|Dactyliosolen fragilissimus (Bergon) Hasle
Guinardia striata (Stolterfoth) Hasle

Asterionella glacialis Castracane
Chaetoceros affine Lauder
Chaetoceros compressum Lander
Chaetoceros costatum Pavillard
Chaetoceros curvisetum Cleve
Chaetoceros debile Cleve
Chaetoceros didymum Ehrenberg
Chaetoceros laciniosum Schiitt
Chaetoceros lorenzianum Grunow
Chaetoceros pseudocurvisetum Mangin
Chaetoceros sociale Lauder
Rhizosolenia delicatula Cleve
Rhizosolenia fragilissima Bergon
Rhizosolenia stolterfothii ¥. Peragallo




