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Dinoflagellate cyst assemblage in core samples of Yokohama Port St.1

Kazumi MATSUOKA*

ABSTRACT

Dinoflagellate cyst assemblages in core sediments collected from Yokohama Port were analyzed for
clarifying paleoenviromental change within this port. The assemblage consisted of more than 37cyst
species of gymnodinioid, gonyaulacoid, tuberculodinioid, protoperidinibid, diplopsalid and calciodinel-
lid dinoflagellates, most of which have never been recorded in previous plankton research. Only such
o species of Protoperidinium and Scrippsiella as Protoperidinium leonis (Pavillard), P pentagonum
(Gran), P.conicum (Gran), P.oblongum (Aurivillius) and probably S.trocoidea (Stein)were also found in
plankton. Both plankton and cyst records will be required to know dinoflagellate community in a
certain area.

A remarkable floral change in dinoflagellate cysts occurred at -40 to 41cm horizon. This change was
indicated by decrease in cyst density and predominance of heterotrophic species, which probably reflect
the progress of eutrophication in the port. As the sediment age of 74cm depth from the surface was
estimated to be around 1950 on the basis of sedimentation rate calculated by 2°Pb, this floral change
might be concordant with the beginning of the high economic growth at 1970's in Japan.

At -10 to 1lcm horizon, Gyrodinium instriatum cyst occupied more than 54% in relative frequency.
This dominance is probably introduced by reproduction of G. instiafum which is one of red-

tidecausative dinoflagellates in Japan.
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Fig. | Sampling location of St.1 in Yokohama Port.
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451 (Protoperidinioid) 1 7 8Ll L, ¥« 7w 7" 1) A (Diplopsalid) 4 %8, &L %45 1 % 7% (Calciodinel-
Ud) 1ELLET, &7 3 THDME LI 2 NLAD ) 2207 8 LTHIBAMAT 27 ) 4 — 7 38 (Acritarchs)
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MHEE AR
FL/ 74 =275 (Gymnodinioid)
Folykrikos cf. kofoidii Chatton®
Polyvkrikos schwartzii Biitschli*
Pheopolykrikos hartmannii (Zimmermann) Matsuoka et Fukuyo* (Pl.4, figs. 1,2)
Gyrodinium instriatum Freudenthal et Lee* (Pl4, fig. 3)
Cochlodinium sp. indet. (type F)* (P14, fig. 4)

. T=% % v 7 28 (Gonyaulaceid)

Spiniferites cf. bentori (Rossignol) Wall et Dale

=cf. Gomvaulax degitalis (Pouchet) Kofoid*

Spiniferites bulloideus (Deflandre et Cookson) Sarjeant (PL1I, figs. 3,4)

= Gonvailax scrippsee Kofoid*

Spiniferites cf. delicatus Reid (PL1, fig. 1)

= Gonyaulox sp.*

Spiniferites elongatus Reid

= Gomyaulax spinifera complex*

Spiniferites hyperacanthus (Deflandre et Cookson) Sarjeant (PL1, fig. 2)

= Gonyaulax spinifera complex*

Spintferites mirabiris (Rossignol) Sarjeant

= Gonyaulax spinifere complex*

Spiniferites vamosus (Ehrenberg) Mantell

= Gonyanlax spinifera complex*

Protoceratium reticulatum (Claparéde et Lachmann) Biitschli (P1.1, figs. 7,8)
Lingulodinium machaerophorum (Deflandre et Cookson) Wall (P11, figs. 5,6)
= Lingulodiniuwm polyedra {Stein) Dodge*



F a7 07 4 =27 L3 (Tuberculodinioid)
Tuberculodinium vancampoae (Rossignol) Wall (PL3, fig. 1)
= Pyrophacus stenii (Schiller) Wall et Dale*

7o b F 4 =27 .50 (Protoperidinioid)
Brigantedinium cariacoense {(Wall) Reid

= Protoperidinium avellana (Meunier) Balech®
Brigantedinium majusculim Reid

= Protoperidinium sp.*

Brigantedinium simplex (Wall) Reid

= Protoperidinium conicoides (Paulsen) Balech”
Brigantedinium spp. (P1.2, fig. 6; P13, fig. 4)
Lejeunecysta concreta (Reid) Matsuoka (P12, fig. 2)

= Protoperidinium leonis (Pavillard) Balech*
Selenopemphix nephroides Benedek

= Protoperidinium subinerme (Paulsen) Balech”
Selenopemphixz quanta (Bradford) Matsuoka (P1.2, fig. 5)
= Protopeidinium conicum {Gran) Balech*

Stelladinium abei Matsuoka

Stelladinium reidii Reid

= Pyoloperidinium compressum (Abe) Balech*
Trinovantedinium capitatum Reid

= Protoperidinium pentagonum {Gran) Balech?*
Trinovantedinium pallidifurmum Matsuoka

Votadinium carvwm Reid (P12, figs.3,4)

= Protoperidinium oblongum (Aurivillius) Balech*
Votadintm spinosum Reid

= Protoperidinim claudicans (Paulsen} Balech*
Xandarodinium variabile Bujak

= Protoperidinium divaricatum (Meunier) Parke et Dodge”
Protoperidinium americanum (Gran et Braarud) Balech®
Protoperidinium lattisinim (Kofoid) Balech™

Protoperidinitm spp.

747 a7 ) 23 (Diplopsallid)

Dubridinium caperatum Reid

= Zygabikodinium lenticulatum (Paulsen) Loeblich et Loeblich*
Diplopsalis lenticula Berg™ (PL3, fig. 2)

Diplopelta cf. parvum Abe* (P14, fig. 6)



ANEFXT 4 4 53 (Calciodineloid)

Scrippstella spp. *(probably including Scrippsiella trochoidea (Stein) Loeblich Il (PL.3, figs. 5.6)
N.B. : Gonyaulax spinifera complex ¥ i3 G. spinifera DX IZESREN TV A 2O ICTETER e
L7z AfE L2 BETH 5, '

T2 1) #—74% (Acritarchs)
Baltisphaeridium spp. (P14, fig. 5)
Cymatiosphaera sp.

Domasiella ? spp.

Heallodinium major Bujak
Michystridium globosa Takahashi
Michystridium sp.

Plerospermella sp.

Dt iEEgEs Y1) /€78 (Other marine palynomorphs )
microforaminiferal linings (P14, figs. 7,8)

tintinid lorica

WAk} S ' 73 (Freshwater palynomorphs)

Pediastrum simplex (Meyen) Lemmermann

YRR Y 2 F OSHE RS RLOERENT 0~-1cm DEBIT, 1220 cysts/ml (1335 cysts/gr) 5L, &
ZDOFEHE-10-11 cm T 8866 cysts/ml (12666 cysts/gr), ®EHEF 30 L T OFHIH 6250 cysts/ml (8393
cysts/gr) THh -7z,

BAFHE Qml H720) OEEBIZ-45~46cm BEERIE L LT, ZO T T3 5500~8700 cysts/ml Ol
BETEHT sDIzx LT, B TiE-10~11 cm F#E% @ #»T 2000~1200 cysts ThH -7z, 2 b Dl
BAH (ImD 20V RBEL-45~46cm BEETORMLT 29, FOMTERNELT(LIZED LT,
BLE IEREZTH - 72 (Fig. 2),
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HY, L) LU TREBREREDS A FIMESL Ui, 7275 L-35~36 cm BHEX -10~11 cm IR HETI3 ST
FKIEFED L A LA 50% % Ll 72 (Fig. 3).

~10~11 cm JEHE T3 Gyrodinium instriatum Freudenthal et Lee D3 2 b %43 A b 54% % HH 7z,
UL G instriatum YR P FEFOMROBRETIIEE TSR LIS L T nwI ket b, i il
BRATHL, LZHTIDEDLAMNUI2 DDRL SLBEIMLNT WS, — D3R (5 47°1)
T, BEE R, BRCEREICHERE O, DS TELNE I L H B, thay—2 (54 71D)
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Fig. 2 Dinoflagellate cysts distribution including cyst density, number of species, and number of Gyrodinium instriatum
cyst in the unit volume (1ml) of the core sediment of Yokohama Port St.1. The ages in the forth column
from the left side is given by sedimentation rate caliculated from *°Ph measurement.
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dominans, Gyrodinium sp., Noctiluca scintilians 7 ¥ Th b, SEOHEHOBEEL S 2 P BHE 123
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flagellate cysts of gonyaulacoid, tuber- Fig. 4 Relative frequency of dinoflagellate cysts
culodinioid, calciodinellid and some recovered from Yokohama Port St.| sample of
gymnodinioid cysts. -10cm to |lcm depth.
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BRTHS LN 2 &, MEESL. ] TEBERBES L D 2 GEAZNAITAKTS 52 Lok
T bEEZLNE,

VIi—3 #EZEStIEREHRPOBBERS X FHES, L ABRETE

BAZEH (ImD H7200s 2 MAEFEROZEIZ-45~46 cm BHEICHED L 5, 20 T TIEEERED
5500~8700 cysts/ml DFEHHICH D, Lo 2~5ETH 2, L CERBBTOL A PEFEIFEL { i\,
CHEEFRARREETORER (I mD 2HMAIC L T AN TEKERESHEIRILENT Wi n Lic
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Plate 1 Cysts of gonyaulacoid dinoflagellates

Tig. 1 Spiniferites cf. delicatus Reid, a; Oblique lateral view, arrow showing precingular archeopyle,
b; Optical cross section of lateral view, arrow showing hollow process with petaroid distal part at
antapical area, Specimen; Yokohama St.1 110-111-2 130/4*.

Fig. 2 Spiniferites heperacanthus (Deflandre et Cookson) Sarjeant, relatively shorter processes, a;
Optical cross section of lateral view, b; Ventral surface showing wide sulcus, Specimen; Yokohama
St.1 110-111-1 R31/3.

Fig. 3 Spiniferites bulloideus (Deflandre et Cookson) Sarjeant, a; Oblique antapical surface,b; Oblique
apical surface, Specimen; Yokohama St.1 110-111-2 P24/2.

Fig. 4 Spiniferites bulloideus (Deflandre et Cookson) Sarjeant, a; Oblique lateral surface, showing 3”
paraplate, b; Optical cross section of oblique lateral view, Specimen; Yokohama $t.1110-111-2 G32/
1.

Fig. 5 Lingulodinium machaerophorum (Deflandre et Cookson) Wall, relatively shorter processes in

fewer number and attached large operculum, a;b;c; different focus levels on lateral view, Specimen:;
Yokohama St. 1 110-111-2 E30/1.

Fig. 6 Lingulodinivm wmachaerophorum (Deflandre et Cookson) Wall, oblique dorsal view, showing
combination archeopyle and archeopyle suture running along the paracingulum, short processes ;
Specimen; Yokohama St.l 110-111-1 V24/2.

Fig. 7 Cyst of Protocevatium vreticulatum (Clapargde et Lachmann) Biitschli, a; Oblique dorsal view,
showing trapezoidal precingular archeopyle, b; Ventral surface, Specimen; Yokohama St.1 110-

111-2 R32/1.

Fig. 8 Cyst of Protoceratium reticulatum (Claparéde et Lachmann) Biitschli, a; Ventral surface, b:
Optical cross section of dorso-ventral view; Specimen; Yokohama St.1 110-111-1 E22/4.

Scale bar: 20pm, *: Alphabetical number in the England Finder indicates the location of the specimen
on the slide.
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Plate 2 Cysts of protoperidinioid dinoflagellates

Fig.1 Cyst of Protoperidinium sp. indet., a; b; ¢ different focus levels on lateral view, arrows showing
antapical horns distally thickened, and (anterior) intercalary archeopyle with attached operculum,
Specimen; Yokohama St.1 110-111-1 S28/2.

Fig. 2 Lejeunecysta concreta (Reid) Matsuoka, a; Oblique ventral view showing paracingulum formed
by depression of autophragm, and parasulcus, b; Optical cross section of lateral view, arrow
showing antapical horn distally thickened, ¢; Oblique dorsal view showing {anterior) intercalary
archeopyle, Specimen; Yokchama St.1 110-111-1 M33/3.

Fig. 3 Voladinium carvum Reid, a; Optical cross section of lateral view showing indentation of
parasulcus, b; Probably dorsal surface showing archeopyle suture, Specimen; Yokohama St.1

110-111-1 S40/4.

Fig. 4 Votadinium carvum Reid, Dorsal surface showing indentation of parasulcus and archeopyle
suture, Specimen; Yokohama $t.1 110-111-3 G38/1.

Fig. 5 Selenopemphix quanta (Bradford) Matsuoka, a; Oblique apical view showing a cluster of spines
at the apical horn, and paracingular parallel rows of spines, b; Oblique apical view showing

paracingular parallel rows of spines, Specimen; Yokohama St.1 110-111-2 N35/2.

Fig. 6 Brigantedinium sp. indet., Orientation unknown, containing pyrites grains in the body, Speci-
men; Yokohama St.7 110-111-3 E40/4.

Scale bar: 20um
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Plate 3 Cysts of protoperidinioid, diplopsalid and calciodinellid dinoflagellates

Fig. 1 Tuberculodinium vancampoae (Rossignol) Wall, a; Optical cross section of lateral view, arrow
showing ectophragm, b; Lateral view showing larger bulbous processes, Specimen; Yokohama St.
1 110-111-2 O40/1.

Fig. 2 Cyst of Diplopsalis lenticula Berg, a;b; Different focus levels on lateral view, showing large
theopylitic archeopyle, Specimen: Yokohama St.1 110-111-3 H31/1.

Fig. 3 Probably cyst of diplopsalid species, a; Optical cross section of oblique lateral view, cysts
composed of brown autophragm, b; Lateral surface showing theopylitic archeopyle with zigzag
archeopyle suture {arrow), Specimen; Yokohama St.1 110-111-3 H39/2.

Fig. 4 Brigantedinium sp. indet., a;b; Different focus levels, cysts composed of pale brown autophragm,
Specimen; Yokohama St.1 110-111-1 U33/4.

Fig. 5 Probably cyst of Scrippsiella trochoidea (Stein) Loeblich III, a; Lateral view showing reticulate
surface on organic cyst wall (endophragm?) after removing calcareous ornaments with HCI, b;
Optical cross section of lateral view showing damaged theropylitic archeopyle (the operculum of
S. trochoidea cysts is originally attached from the cyst body), Specimen; Yokohama St.1 110-111-1
D40/2.

Fig. 6 Probably cyst of Scrippsiella trochoidea (Stein} Loeblich I11, a; Lateral view showing reticulate
organic wall surface after treatment with HCI, b; Optical cross section of lateral view, showing

shrinking protoplasm (?) in the cyst body (arrow), Specimen; Yokohama St. 1 110-111-2 024/2.

Scale bar: 20m






Plate 4 Cysts of gymnodinioid and diplopsalid dinoflagellates, acritarchs, and microforaminiferal
linings.

Fig.1 Cyst of Pheopolvkrikos harvimannii (Zimmermann) Matsuoka et Fukuyo, a; Optical cross section,
orientation unknown, arrow showing characteristic striations on the basal part of acuminate
processes, b; Surface of cyst, Specimen; Yokohama St.1 110-111-3 T36/3.

Fig. 2 Cyst of Pheopolykrikos hartmannii (Zimmermann) Matsuoka et Fukuyo, a, b; Different focus
levels, arrow on b showing characteristic striations on the basal part of acuminate processes,

Surface of cyst, Specimen; Yokohama S$t.1 110-111-1 M43/4.

Fig. 3 Cyst of Gyrodinium instriatum Freudenthal et Lee, Oblique lateral view showing large tremic
arpheopyle and parasulcus, Specimen; Yokohama St.1 110-111-2 132/2.

Fig. 4 Cyst of Cochlodinium sp. indet. (type F), a; b; Different focus levels, cyst body slightly deformed,
showing fin-like processes and chasmic archeopyle (arrow), Specimen; Yokohama St.I 110-111-2

044/2.

Fig. 5 Baltisphaeridium sp. a, Brownish vesicle covered with many aculiate processes, Specimen ;
Yokohama St.1 110-111-2 536/1.

Fig. 6 Cyst of Diplopelte cf. parva (Abe) Matsuoka, a; Optical cross section, orientation unknown, b;
Surface of dark brown cystcovered with many acuminate processes, Specimen; Yokohama St.1
110-111-3 R44/1.

Fig. 7 Microforaminiferal lining; coiled type, Specimen; Yokohama St.1 110-111-2 U32/3.

Fig.8 Microforaminiferal lining; uniserial type, Specimen: Yokohama St.1 110-111-2 T35/1.

Scale bar: 20um
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