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Muller, O. F. (1773). Vermium terrestrium et fluviatilium, seu
animalium infusoriorum, helminthicorum et testaceorum, non

Bursaria hirundinella
= Ceratium hirundinella
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206 VERM: INFUS: BURS: CERC: TRICH;

2479. BURSARIA truncatefla, ventricofa , apice truncata.
Mofe-Pungen. V. 54. * +-

248c. B. Hirnndinella, cxcavata, mucronata, Strur-Pungen.

V.ss. ¥+

s  Teretes.

2481. CERCARIA Gyrinns, rotundata, couda acuminata,
Fri-Unge-Haleven. V. 56. Arm, ¥

2482- C. Carcﬂm, tripartita, cauda bifeta. Killing-Haleven.
57, * +
2483 C. Podura, cylindracea, poftice acuminata , fubfiffa,
Loppe-Haleren. V. 58, %=

2484 C. Lupss, cylindrica, elongata, torefa; cauda {pinis
duabvs. Ulv-Haleven. V. 59. * 4+

2485. C. Lemna, mutabilis, cauda annulata. Ande - Mad.
Haleren. V. 6o. ¥ -+
s %  Depreflz.

2486. C. Gyclidinm ovalis, poftice fubemarginata ; cauda ex-
fertili.  Rund-Haleren. V. 61. * 4=

2487. C, Tenax membranacea, antice crafliufcula, truncata,
cauda triplo breviore. Sei-Haleren. V. 62. * 4=

2488 C. Plenroucites orbicularis, cauda unifeta. Flonder-
Haleren. V. 63 ¥ +

2489. C. Tripos fubtriangularis, brachiis deflexis, Tre-Fod-
Halerep.  In aqua marina, * -

# Caudatz.
2490. TRICHODA Clava, clavata fronte crinita ; cauda re.
flexili. Kolle-Spillereir. V. 64 * -
2491. T. Pupa, cucullata, fronte erinira, cauda inflexa. Puppe-
Spilleren. V. 65. * 4
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Figure 4.81

Peridiniopsis {ubiniensiforme. Sexual reproduction and encystment in a freshwater dinoflagellate.
Bar = 15 um. 1,2. Development of gametes within parent theca. 3. Release of gametes. 4,5. Gametes
joining in pairs to form zygote. 6,7. Resting zygote cyst. 8. Germination, resulting in disruption of;
cyst. 9,10. Production of four daughter cells (probable result of meiosis) that become new motile ;
cells. Redrawn from Diwald, 1938.

: -~ Diwald 1937
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Gymnodinium catenatum
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Figure 1.3 - SCHEMATIC LIFE CYCLE OF CYST-PRODUCING DINOFLAGELLATE
(Numbers refer to steps described in text; x's in Step 2 represent the unfigured second products of binary fission.)

William R.
IV-IPC at Calgary, 1984
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Motile, thecate
stage

Gymnodinioid
stage (hours only)

Encystment
within the thec

=1

Barrie Dale & David Wall At Dino V Utrecht 1993

v
Abandoned Nonmotile Disintegration
cyst is fossilised resting stage and decay of the theca

Fi1G. 17. Theca-cyst cycle of the living marine dinoflagellate Gomyawlax digitalis
(Pouchet) Kofoid. The resting cyst is identical with the fossil species Spiniferites
bentori (Rossignol) Sarjeant. Redrawn after Wall and Dale, 1968.
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Review of Palaeobotany and Palynology, 44(3-4), pp.217-231; 1985

ARCHEOPYLE STRUCTURE IN MODERN GYMNODINIALEAN
DINOFLAGELLATE CYSTS

KAZUMI MATSUOKA

Department of Geology, Faculty of Liberal Arts, Nagasaki University, Nagasaki 852
{Japan)

Description of new archeopyle types

rl)l Chasmic archeopyle (Fig.1D, E)|
Derivation of name: Greek ydoua = chasm,

Definition: The opening is a linear to slightly curved rupture without oper-
culum, and mainly formed at the median zone on the cyst. Length of rupture
is various and ranges from one-tenth to half of the cyst diameter. Rupture
line is mostly smooth, but rarely slightly zigzag.

Remarks: An operculum is not produced, the protoplasm being released
through a simple rupture. If this archeopyle is small, its optical cross-section
shows a shallow V-shape. In other cases, the rupture may be well developed,
with the cyst body almost being cut into two hemispheres.

The cysts belonging to two gymnodinialean dinoflagellates have this
archeopyle type: Polykrikos hartmannii Zimmermann (Fig.1D) and Cocholo-
dinium sp. (Fig.1E). Openings similar to this type are also observed in such
early Paleozoic acritarchs as the genera Mierhystridium, Orthosphaeridium,
and Unellium.

(2)| Tremic archeopyle (Fig.1A—C) |
Derivation of name: Greek 7piua = hole.

Definition: The opening is circular to nearly circular in shape, sometimes
with a slightly zigzag margin, and is usually formed in the polar region, i.e.
probably the apical area, but rarely elsewhere. Margin of the opening is
thickened in some cases.

Remarks: This opening type, formed in the cyst of Polykrikos schwartzii
Biitschili, has been recognized as an apical archeopyle by Harland (1977,
1981) and Reid (1978). The definition of an apical archeopyle given by Evitt
(1967, p.18) is as follows: “The apical archeopyle includes the apex of the
cyst and does not extend to the cingulum, it usually corresponds to apical
thecal plates alone, but minor intercalary plates may be represented in some
examples”,

The opening observed in the cyst of Polykrikos schwartzii is situated at
the polar region, probably the apical area, and its margin shows a slightly
zigzag line. The cyst, however, lacks any such paraplates as seen in many
cysts of peridinialean dinoflagellates, and therefore the zigzag margin does
not seem to be identical with either principal or accessory archeopyle para-
sutures.

Cryptopylic archeopyle




Theropylic archeopyle

Review of Palaeobotany and Palynology, 44(3-4), pp.217-231; 1985

CYST-THECA RELATIONSHIPS IN THE DIPLOPSALID GROUP
(PERIDINIALES, DINOPHYCEAE)

KAZUMI MATSUOKA

Department of Geology, Faculty of Liberal Arts, Nagasaki University, 1:14, Bunkyo-machi, Nagasaki, 852 (Japan)

The opercular type of the transverse archeo-
pyle defined by Bujak and Davies (1983) is
basically identical to the adnate type of Evitt
(1985). However, Evitt (1985) suggested no term
for a cyst or corresponding archeopyle that is
characterized by opercula that differ in their
degree of attachment. Therefore, I suggest that
cysts or archeopyles having adnate opercula
will be described as [ theropylic”, (Greek
thairos + pyle; hinge of a door + gate) and those
that have free opercula (which may sometimes
be adherent) will be called ‘“saphopylic”
(Greek saphes + pyle; distinct + gate). As far as
we know, the theropylic archeopyle has been
observed in cysts of the diplopsalid group (this
paper), Scrippsiella trochoidea by Wall and
Dale (1968), Ensiculifera sp. (personal observa-
tion) and a few freshwater Peridinium species;
P_limbatum and P.wisconsiense (Evitt and
Wall, 1968; Wall and Dale, 1968).
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Saphopylic archeopyle
(FifRRItR % & DEERICHY)

Cryptopylic archeopyle
(EEMRICHE LEL)

Tremic (A, B, C)
Chasmic (D, E)

Theropylic archeopyle
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TEXT-FIGURE 145

Family Cong; idi ily Diplopsalici Sutural or ic™ archeopyles in cysts of selected genera. A. Diplopelta parva in apical
view. B. Diplopsalis lebouriae in apical view. C. Diplopsalis lenticula (according to Wall and Dale 1968b, text-fig. 7) in apical view. D, Diplopsalis
lenticula (according 1o Matsuoka 1988) in apical view. E. Diplopsalopsis orbicularis in apical view. F. Gotoius abei in apical view. G. Zygabikodinium
lenticulatum in apical view. KEY: Intercalary plates are shaded to facilitate orientation. Inverted “V" indicates position of flagellar insertion. Variably
heavy black lines indicate archeopyle (or excystment) sutures. SOURCE: adapted from Matsuoka (1988, text-figs. 28.38,3D 4B.5B,7B and £B).
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Genus Protoperidinium
Subgenus Archaeoperidinium
Section Avellana
Section Excentrica
Subgenus Minuscula

Diagram showing arrangement of first apical plate in SUbgenUS Testeria o
a. Orthoperidinium.  b. Metaperidinium. ¢, Paraperidinium. Subgenus Protoperidinium

i 18 " o Group Orthoperidinium
" \‘EES?{; Section Oceanica
=L e 2 4' oy AL B Section Tabulata
Section Conica

Dla.gra.m showing arrangement of the second anterior inter-

calary plate in the sections of Orthoperidinium and Metaperidinium. Group Metaperidinium
aand b. Orthoperidinium Tabulats, Metaperidinium Pyriformia. Section Divergentina
¢. Orthoperidinium Conics, Metaperidinium Poraperidinium. . T
d. Orthoperidinium Oceanica, Metaperidinium Divergens and Humilia. SeCt!On Humllla ]
Lebour 1925 Section Pyrlformla

by Jorgensen 1912
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Protoperidinium oblongum complex D&

Fig.40. )1{\\

AN

Berg 1882

A Peridinium oblongum
B1 var. latidosale, B2 var. inaequale, B3 var. symmetricum
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“Ld Archaeperidinium minutum AB564310
10an®l Protoperidinium minutum GQ227502
Preperidinium meunieri
Protoperidinium excentricum
Protoperidinium leonis

e Protoperidinium abei
100110 Protoperidinium denticulatum
Protoperidinium conicum
Protoperidinium thulesense
Protoperidinium punctulatum
Protoperidinium conicoides
Protoperidinium pentagonum
Protoperidinium angustum Protoperidinium ss
Protoperidinium divergens
Protoperidinium crassipes
; Protoperidinium elegans
Protoperidinium sp.DQ444225
Protoperidinium pallidum (
Protoperidinium pellucidum
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Protoperidinium claudicans AB255842
o Protoperidinium claudicans AB255841 )
@y Protoperidinium claudicans AB255840 Oceanica Group
Protoperidinium steidingerae DQ444231
| Protoperidinium paracblongum AB255857 (var.inaequale)
ey Protoperidinium paraoblongum AB255858 (var.inaequale)
Protoperidinium paraocblongum

o Protoperidinium quadrioblongum DQ444230 (var.symmetricum)
‘7569-2'515] [ Protoperidinium depressum AB255850
00100 " Protoperidinium depressum DQ444228

ecadinium kofoidi
AE: Gonyaulax baltica
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Rhomboidal Cordate Pentagaonal Horned

Wall et Dale {1968)

Wall et Cale [1 J68) Wall ot [Jala- (1968) This study
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Thiz study Thiz study ThiE study Gribble et al. 2008
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Sarcocystis muris FO12883

Akashiw o sanguinea AF260397
Gymnodinium fuscum AF200676
Symbiodinium microadriaticum UB3483
9951555 Pojarela glacialis AY 571373
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Scrippsiela trochoidea AF260393
Heterocapsa triquetra AF260401

Prorocentrum micans X 16108
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Kryptoperidinium foliaceun EF052684
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Peridinfum cinctum AF260385

—— Preperidinium meunier DOA4A73
Protopernidinium excentricum AB255855

Protoperidinium leonis AB255856
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100 Protoperidinium abei AB255839
100/ 100 Protoperidinium denticulatum AB255848
52 Protoperidinium conicurmn AB255843
-"'-I— Protoperidinium thulesense ABT16929
Protoperidinium confcoides DO444227

Protoperidinium pentagonum AB255864 T
Protoperidinium angusfum DO444237 o .
Protopsridinium divergens AB255851 | TCtoperidinium sensu striclo
Protoperidinium crassipes AB255846

Subgenus Archaeoperidinium
Section Avellana
Section ecentrica

Subgenus Protoperidinium

Group Orthoperidinium
Section Conica

Group Metaperidinium

Section Divergentina

Group Paraperidinium
including the type species;
Protop. pellucidum
Subgenus Minuscula

763/ 770 617640 — Protoperidinium elegans AB255853
b= Protoperidinium pefucidum AB255862
94.1 1100 Protoperidinium palidum AB255860
rotoperidinium claudicans AB255841

(- Y

Clade Oceanica

P
%meﬂpsﬂ'da’nﬁum oblongum AB255857
) EE Protoperidinium steidingerae DQ444231
100 Protoperidinium oblongum DQ444230
100 /100 || Protoperdinium depressum AB255850
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Group Orthoperidinium
Section Oceanica
Section Tabulata

T T ]
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H T T
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B0 4 rehasperidinium minutum GQ227502
Herdmania litoralis ABSG4307
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;) Protoper, H
Ny 10001000 protoperidinium monovelum AB716928 1 subgroup

1

.

=

9.4
Clade Monovela

e
@

623 T

Monovela Group

Protoperidinium americanum AB716925: Americanum
subgroup

100100} protaperidinium americanum ABT 16926 §
(— Diplopsalis lenticula DO444296

C) 100 Diplopsalopsis bomba ABT1633

gg| 100/100— Gotoius excentricus ABT16922
Fa0 1619 50 — Diplops alfis lebourae AB716921

Clade Diplopsalopsis
0.1

100/ 00— Ohea torta ABT 16924

Note; Diplopsalid group is also
separated into two groups

Matsuoka & Kawami Fig. 2
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Dapsilidinium pastielsii (Davey et Williams) Bujak, Downie, Eaton et Williams1980

Holotype; Late Eocene; 40Ma Early Oligocene Middle Miocene
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— *Alexandrium fundyense (a,b,c1,cb,h) Q
*Alexandrium minutum Sa,b,m ,cb,h) (]
Pyrocystis lunula (c1,cb) 8
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{E & Dapsilidinium pastielsii (Davey et Williams) 0 IR 5 8%

Late Eocene; 40Ma Early Oligocene; 33Ma

Middle Miocene; 15Ma Early Pliocene; 5Ma Early Pliocene; 4Ma

Cysts are large and chorate, and have an ovoidal central body with a finely granulate outer surface from which arises
numerous hollow processes. The fine granulation continues beneath process bases . Processes are intratabular and most
are fairly evenly spaced, tapering distally to a narrow neck before expanding minutely to an opening with entire or
serrated/irregular margin. The processes are oval to circular in basal cross-section. Cysts may have two or three adjacent
processes fused along most of their length. The archeopyle is apical corresponding to the four apical plates.
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