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I. ABSTRACT 

The fossil dinocyst genus Dichadogony­
aulax, erected by Sargeant in 1966, has 
proven to be very controversial. It has 
been synonymized with Ctenidodinium at 
least twice and resurrected at least twice. 
The separation of the two genera was 
based on the equal development of 
paracingular ornamentation in Dicha­
dogonyaulax and the unequal develop­
ment of those features in Ctenidodinium .. 
This paracingular differentiation is a some­
what variable feature and probably not ~f 
generic s ignificance: 

There is, however, a fundamental differ­
e nce in the paratabulation of the epicyst 
between representatives of the two gen­
era. The type species of Ctenidodinium, C. 
ornatum, exhibits a preapical paraplate 
separating the second and fourth apical 
pa1·aplates and also possesses anterior in­
tercalary paraplate(s); whereas the type of 
Dichadogonyaulax, D. culmula, either has 
no preapical para plate or it is reduced and 
displaced toward the ventral surface, thus 
allowing contact betwee n the second and 
fourth apical paraplates. No anterior inter-
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calary paraplates are present in D. cui­
mula. 

Korystocysta, erected by Woollam in 
1983, has a Ctenidodinium style epicystal 
paratabulation and differs from 
Ctenidodinium in having an abbreviated 
apiCal horn and accessory parasutural 
("growth bands'') ridges. 

II. INTRODUCTION 

The generic differentiation of para tabu 
late gonyaulacoid dinocysts with epicystal 
archeophyles has proved to be trouble­
some for many palynologists. In fact the 
differentiation of species within this com­
plex is frequently easier than decidinf; i., 
which genus the species fits. This sit Jation 
is a result of the two principal genera, 
Ctenidodinium and Dichadogonyaula.r, 
being separated on the unequal versus 
equal development of paracingular or­
namentation. This feature has been re­
garded as not having generic significance 
by some workers (Lentin and Williams, 
1973; Stover and Evitt, 1978) and hy others 
as the major generic criterion (Sargeant, 
1966, 1975: Wollam, 19831. The relative de· 
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velopment of ornamentation on the an­
terior and posterior paracingular margins 
is a variable feature, virtually impossible to 
discern in highly compressed specimens, 
and seems to me to be not the sort of mor­
phologic feature that should be utilized to 
separate dinocysts at the generic level. 

The paratabulation of the various 
species in this complex generally has been 
accurately recorded in the literature, if not 
by the first worker, then by further study 
and/or emendation. Upon initial examina­
tion, it emerges that both Ctenidodinium 
and Dichadogonyaulax, as currently cir­
cumscribed exhibit as paratabulation of: 0-

(Y) 

3pr, 4', 0-2a, 6", 6c , x-6s, 6'", 1p, 1"" (Wool­
lam, 1983). Further study of numerous 
specimens, however, has demonstrated 
that a means of separating Ctenidodinium 
and Dichadogonyaulax exists, that being 
the epicystal para tabulation. It is the intent 
of this paper to demonstrate the evidence 
to support the utilization of epicystal 
paratabulation as a means of separating 
the two previously mentioned genera and 
to briefly discuss and emend Korystocysta. 

The principal sources for the dinocysts 
illustrated herein are core and cutting sam­
ples of wells from the Gulf and Atlantic 
coastal plain. In addition, some outcrop 

Text Fig. 1 Diagrammatic representation of a gonyaulacoid dinocyst in: A) ventral view, 
B) apical view, C) Dorsal view, and D) antapical view comparing Kofoidian paraplate no­
tation (boldface) of major paraplate series with the Taylor (1980) notation (parentheses). 
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samples from classic British and Eurapean 
localities were examined. The type mate­
rial for Ctenidodinium chondrum was sup­
plied to the author by Warren Drugg. The 
type material for C. scissum (Mcintyre and 
Brideaux, 1980) was supplied by the 
I.S.P.G. of Calgary. Their assistance in 
this study is gratefully acknowledged. Il­
lustrated specimens are stored at Amoco 
Production Company in New Orleans, 
Louisiana (U.S.). Specimens are located 
by reference to the lower left corner of the 
coverslip, with label at observer's left, in 
millimeters to the right (R) and away ( +) 
from the observer. 
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IV. DISCUSSION 

All paratabulation information in this 
paper uses Kodoidian notation. Text figure 
1 provides a comparison of major plate 
series using Kodoidian notation with the 

newer notation of Taylor (1980) being used 
by some authors. 

The dinocysts comprising the Cteni­
dodinium "complex" are gonyaulacoid 
cysts, which exhibit differences in epicys­
tal paratabulation. The epicystal paratabu­
lation of C. ornatum, the type species, and 
its close relative C. combazii is lpr, 4', l-2a, 
6" (Pl. 1, figs. 1, 2). The para plate topologic 
arrangement is also significant when com­
paring those forms in the Ctenidodinium 
"complex." The preapical paraplate is lo­
cated at the apex, thus separating the sec­
ond and apical fourth paraplates (Pl. 1, 
figs. 1, 2; Pl. 2, figs. 1-3). This arrangement 
also exists in the species assigned to Kory­
stocysta (Pl. 1, figs. 3, 11, 12). 

Examination of the epicystal paratabula­
tion of the type species of Dichado­
gonyaulax, D. culmula (Pl. 3, fig. 1) reveals 
a paratabulation of 1pr, 4', 0-a, 6". In addi­
tion to the absence of the anterior intercal­
ary paraplates, the location of the preapi­
cal paraplate is significant. The preapical 
paraplate is displaced posteroventrally, 
thereby allowing contact between the sec­
ond and fourth apical paraplates (Pl. 3, fig. 
1). The displacement of the preapical 
parapliite, which appears to be a result of 
shortening the first apical paraplate, is also 
seen in D. pannea (Pl. 1, fig. 10), D. cf. D. 
culmula (Pl. 1, figs. 4 and 7), and 
Dichadogonyaulax sp. B (Pl. 1, figs. 5-9). 

I, ' therefore, propose to separate 
Dichadogonyaulax from Ctenidodinium on 
the basis of the posteroventral displace-

TABLE I 

APICAL ANTERIOR 
MORPHOLOGIC PREAPICAL PARAPLATE INTERCALARY PARACINGI:LAR ACCESSORY APICAL 
FEATURE PARAPLATE(S) TOPOLOGY PARAPLATES ASniMETRY RIDGES HORN 
GENUS 

1·2 2' &4 ' 1-2 Generally Not 
Ctenidodinium Paraplates Separated By Paraplates Yes, But Generally No 

Preapicals Variable Present 

0-1 2'&4'1n Generally 
Dichadogonyaulax Displaced Contact Absent Not, But No No 

Posteroventrally Variable 

1-2 2' &4 ' 1·2 No Yes 
Korystocysta Separated By Asymmetry In Yes Size 

Paraplates Preapicals Paraplates Documented Varies 
Forms 

A summary of the key morphologic features for generic separation of Ctenidodinium, Dichadogonyaulax ·and Korystocysta. 
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ment of the prcapical paraplate, which al­
lows contact between the second and 
fourth ap1cal paraplates. Although D. 
culmula and D. pannea have no anterior 
intercalary paraplate, the figure of C. 
schi:oblatllm by Norns 11965, Fig. 4Ai indi­
cates the presence of a single para plate 13' 
of Norris I m that position. The figure also 
illustrates the contact of the second and 
fourth ap1cal paraplates and a thickened 
pouasuture m the same position as the 
preapical paraplate 111 D. culmula. Until 
the type material can be re-examined it ap­
pears preferable to retain schi;:oblatum in 
the genus Ctenidodinium. 

The hypocystal paratabulation of 
Ctentdodinium. Dichadogonyaulctx. and 
Korysrocysta is the same in terrns of the 
number of paraplates and topology with 
mmor variations in paraplate shape. The 
posterior intercalary paraplate is some­
\'-.'hat elongate in Korystocysta (Pl. 1. fig. 
121 !Woollam, 19831. The antapical parap­
late of Diclwdogonyaulax and Crenido-

dinium is sl ightly asymmetric with the long 
side pointing toward the sixth postcingular 
paraplate (Pl. 1, figs. 6, 9; Pl. 2, fig.4 ). 

T he recent study by H elenes-Escamilla 
(1984) demonstrated strong asymmetry 
of the antapical paraplate in Cri­
broperidinium. The epicystal arrangement 
in that genus shows the d isplacement of 
the preapical paraplate ("P'' of Helenes­
Escamilla) in a posteroventral direction 1 

i.e.. a situation identical to that in 
DichadogonyauLax. DichadogonyauLnx ex­
hibits a unique combination of mor­
phologic features that serve to d istinguish 
it from its other relatives in the 
Ctenidodinium ·'complex.'' 

Table I summarizes the key morphologic 
features I propose to utilize to separate 
Ctettidodiniton. DichctdogonyauLax and 
Ko1~ystocysta. 

V. SYSTEMATIC PALYNOLOGY 

Class DINOPHYCEAE Fritsch 1929 
Order PERIDINIALES H aeckel 1894 

PLATE 1 
Figures 
l. 2. CreuidodiHium comba:ii. Photomicrograph and camera Lucida drawing illustrat­

mg the anten or Intercalary para plate and the central position of the preapical 
paraplate. Bar equals 20 )J m. P41126A02 S8, R 14.4 ~ 5.2. Upper Bathonian, The 
Fleet, D01·set, England. 

3. Korystocysta ketronensis <?l. Photomicrograph of detached cpicyst (operculum) il­
lustratmg the paraplate topology. Note the central location of the preapical 
paraplate and the t\o..·o anterior intercalary paraplates. Bar equals 20 flm. DNB80 
19 Kelton, R 12.8 "- 3.3. Bathon1an. Kelton Cement Quan·y, England. 

·L 7. Dichadogo11yaulax cf. D. culmula. Photomicrograph and camera Lucida drawing 
11\ustratmg the posteroventral displacement of the preapical para plate and there­
sultmg contact of paraplates 2' and 4'. Compare \vith pl. 3, figs. 1. 2. Bar equals 
20 p m. P1018C54A. R14.3 + 15.8. Upper Jurassic subsurface, Atlantic Coast 
offshore. U.S. 

5, 6. 

8. 9. 

10. 

11' 12. 

Dichadogonycwlax sp. B. Intact specimen. epicyst and hypocyst (interior view) of 
a !Jghtly on1amented form. Note the slight asymmetry of the antapical paraplate 
111 F1g. 5. Bar equals 20 }' ln. Upper Jurassic. C.O.S.T. B-3, Atlantic Coast 
offshore. U.S. 
Dichadogonycwla.1· sp. B. lntat:t specimen. cpicyst <interior view! and hypocyst of 
a complexly ornamented form. Bar equals 20 ,u.m. Upper Jurassic. C.O.S.T. B-3. 
AtlantiC Coast offshore. U.S. 
DicJwdogonyaulax panuea. D etached epicyst <interior view) showing the contact 
between paraplates 2' and 4'. Bar equals 20 )Jm. PL2330 I; R2.7 + 14.6, Middle 
T1thoman. Pallas1oides Zone. Littleton Brick Pit. Wheatley. England. 
Korystocysra pachydenna. L ateral views Illustrating the two anterior intercalary 
paraplates and the slightly elongate 1p paraplate. Bar equals 20 I'm. P41135B09. 
R26.9 +22.3. Lower Bathoman. Burton Cliff. England. 
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Genus CTENIDODINIUM Deflandre 
1938 emend. 

Synonym: Brotzenia Horowitz 1975 
Type species: C. ornatum (Eisenack 1935) De­
flandre 1938 

Ernended Description: Proximochorate dino­
flagellate cysts constructed of an autophragm, 
subspherical to ellipsoidal in shape, lacking an 
a pica~. horn. Pa;,~,tabulali?,,~ formul~: 1~3pr, 4', 1-
2a, 6 , x-6c, 6 , lp, 1 , x-6s, mdJCated by 
parasulural ridges, crests or septa which are 
generally ornamented with spines. Accessory 
ridges ("growth bands") generally absent. Com­
bincition (epicystal, tprtAtltP , henceforth refer­
red to as Type E) archeopyle, operculum 
separating from the hypocyst along the posterior 
margin of the precingular paraplates. 
Parasutural features on the paracingulum may 
or may not be reduced on the anterior margin as 
compared with the posterior margin. 

Comparison: Ctenidodinium differs from 
Dichadogonyaulax in possessing one or 
more preapical paraplates positioned at 
the apex and anterior intercalary parap­
lates, from Korystocysta in generally lack­
ing accessory parasutural ridges (although 
see Gocht, 1984, and Pl. 2, fig. 4) and an 
apical horn, and from Energlynia in lack­
ing an antapical horn and having an epi­
cyst and hypocyst of nearly equal size. 

Accepted Species: 
C. chondrum- Drugg 1978 
C. combazii- Dupin 1968 
C. continuum- Gocht 1970 
C. elegantulum- Millioud 1969 
C. ornatum- (Eisenack, 1935) Deflandre 1938 
C. sellwoodii - (Sarjeant, 1975) Stover and 
Evilll978 
C. tenellum - Deflandre 1938 

PLATE2 

Figures 
l. Ctenidodinium chondrum, Detached epicyst illustrating the paraplate topology. Bar 

equals 20 pm. P1018C61A, R10/ + 18.9, Upper Jurassic subsurface, Atlantic Coast 
offshore, U.S. 

2. Ctenidodinium continuum, Detached epicyst illustrating the paraplate topology. 
Bar equals 20 JJm. B41135B09, R8.6/ + 16.5, Lower Bathonian, Burton Cliff, Eng­
land. 

3. Ctenidodinium tenellum, Detached epicyst illustrating the paraplate topology. Bar 
equals 20 pm. P41126A02 58, R14.5/+ 16.2, Upper Bathonian, The Fleet, Dorset, 
England. 

4. Ctenidodinium cf. combazii, Antapical para plate illustrating accessory parasutural 
ridges ("growth bands") similar to those described by Gocht (1984). Bar equals 20 
,.,m. P41126A05 58, R7.3/ + 13.3, Upper Bathonian, The Fleet, Dorset, England. 

5, 6. Dichadogonyaulax irregulare, n. sp., Holotype. Hypocyst and epicyst (interior view) 
of an intact specimen. Note la rge size of the antapical paraplate and the interrupted 
parasutural crests. Bar equals 20 p.m. P320C66A, R15.7/+9.7, Lowe r Cretaceous, 
north Louisiana subsurface, U.S.A. 

7. Paratype. An intact, compressed specimen illustrating the large antapical parap­
late. Bar equals 20 j.lm. P280C52A, R19.1/+ 5.3, Lower Cretaceous, north Louisiana 
subsurface, U.S.A. 

8. Bar equals'20 ,urn. 64X A33-8, Lower Cretaceous, eastern Louisiana subsurface, 
U.S.A. 

9. Paratype. An intact specimen illustrating the extreme variation in parasutural or­
namentation and dissection. Bar equals 20 p.tm. P280C52A, R15. 7/ + 8.6, Lower Cre­
taceous, north Louisiana subsurface, U.S.A. 

10. Paratype. Interior view of e picyst. Bar equals 20 pm. P280C44A R6.2/+7, Lowe r 
Cretaceous, north Louisiana subsurface, U.S.A. 

11. Hypocyst. Note dissected parasutural crests and large size of the antapical para p­
late. Bar equals 20 pm. 64X A33-6, Lower Cretaceous, eastern Louisia na subsur­
face, U.S.A. 

12. Hypocyst. Note highly dissected parasutural ornamentation. Bar equals 20 pm. 
P317C29A Rl. 7/ + 9.7, Lower Cretaceous, north Louisiana subsurface, U.S.A. 
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Provisionally accepted species: 
Generally these are species about which 

questions exist concerning the epicystal 
para tabulation. 

C.? mosaicum- Dodekova 1975 
C.? rotundum- Dodekova 1975 
C.? schizoblatum - (Norris 1965) Lentin and 

Williams 1973 
C.? scissum- Mcintyre and Brideaux 1980 
C.? stam·omatos- (Sarjeant, 1976) Stover and 

Evitt 1978. If the number of 
ante1·ior intercalary parap­
lates repm·ted by Sarjeant 
is correct, then this species 
warrants a new genus. 

Genus DICHADOGONY A ULAX Sarjeant 
1966 emend. 

Type species: Dichadogonyaulax culmula 
(Norris 1965) Loeblich and 
Loeblich 1968. 

Emended Description: Proximoch01·ate dino­
flagellate cysts constructed of an autophragm 
only. Subspherical in shape, lacking an apical 
horn. Paratabulation formula: 1pr, 4', Oa, 6'', x-
6c\ 6'", 1p, 1"", x-6s, indicated by parasutural 
crests, ridges, or rows of processes, crests gen­
e rally ornamented with spines. Accessory 
r·idges absent. Para plates of the anterior inter­
calary series absent. Preapical paraplate re­
duced in size and displaced posteroventrally, re­
sulting in contact between paraplates 2' and 4 '. 
Combination (epicystal, type E) archeophyle 
separating from the hypo cyst along the posterior 
margin of the precingular paraplates. Para­
sutural features on the paracingulum may or 
may not be reduced on the anterior margin as 
compared with the posterior margin. 

Comparison: The transfer of D. culmula 
to Alvellodinium Duxbury by Davey (1982) 
is herein rejected. A. falsificum and D. 
culmula resemble each other in having an 
epicystal (type E) archeopyle and proces­
ses similar to those of Spiniferites Mantell. 
However, Duxbury (1977) reports that Al-

vellodinium has three apical paraplates, 
and makes no reference to the presence of 
a preapical paraplate or its position, thus 
allowing differentiation of the two genera. 

Dicltadogonyaulax is separated from 
Ctenidodinium by possessing a type of 
epicystal paratabulation that lacks anterior 
intercalary paraplates and allows the 2' 
and 4' to be in contact. Dicltadogonyaulax 
differs from Korystocysta in its epicystal 
paratabulation and in lacking accessory 
ridges and apical horn; from Energlynia in 
lacking an antapical horn and possessing 
an epicyst and hypocyst of nearly equal 
size. 

Accepted species: 
D. culmula- (Norris 1965) Sarjeant 1966 
D. pannea- (Norris 1965) Sarjeant 1966 
D. irregulare- n . sp. herein 

Reattributed species: 
D. rotunda- (Dodekova 1975) Woollam 1983 to 

Ctenidodinium (?) 
D. schizoblata- (Norris 1965) Sarjeant 1966 to 

Ctenidodinium (?}. This form 
may represent an inter­
mediate type between 
Ctenidodinium and Dichado­
gonyaulax. The illustration by 
Norris (1965, fig. 4) of speci­
men 416/2 shows an anterior 
intercalary and an apparent 
preapical area that is dis­
placed posteroventrally al­
lowing 2' and 4' to contact. 
Additional specimens are 
necessary to determine the 
consistency of this relation­
ship in this species. 

D. sellwoodii - Sarjeant 1975 to Ctenidodiniurn 
D. staurornatos - Sarjeant 1975 to Ctenido. 

diniurn (?) 

PLATE3 

Figures 
1, 2. Dichadogonyaulax culmula, Detached epicyst (interior view). The arrow indicates 

the apparent position of the preapical paraplate. Bar equals 20 IJm. P61059A09; 
Rl4.9/+0.8, Tithonian, Cherty Series, Portland Beds, Worbarrow Bay, Dorset, 
England. 

3-6. Intact specimen, Figs. 3-5, L. lateral, optical section and R. lateral (interior) views 
respectively. Note well-developed paratabulation and relatively long processes. 
Fig. 6, process detail. Bar equals 20_um. P61060A09 R11.2/ + 18.7, Tithonian, Cherty 
Series, Portland Beds, Worbarrow Bay, Dorset, England. 
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DrCHADOGONYAULAX IRREGULAR£ n. sp. 

Plate 2, figs. 5-12 
Holotype: Sample P320C66A; Rl5.7/+9.7, Pl. 2, 

figs. 5, 6. 
Type locality: Hosston Formation , Amoco No. 1, 

Crown- Zellerbach; Sec,tion 10, T l3N, R lW , 
Winn Parish, Louisiana. 
Description: Gonyaulacoid dinocyst with 

epicystal (type E) a rcheopyle, operculum gen­
erally free. Paratabulation formula: lpr, 4 ', Oa, 
6", xc, lp, 6" ' , 1"", xs, expressed by discontinu­
ous parasutural crests which a re ornamented 
with acuminate spines of varying lengths. 
Paraplates 2' and 4' in contact, preapical parap­
late displaced posteroventrally. Antapical 
paraplate only slightly asymmetric and very 
large (Pl. 2, figs. 11, 12). Cyst surface chagrenate 
to microreticulate. 
Dimensions: Holotype: 49 pm in diameter. 

Range: 43 (48.5) 51 ~m in diameter (20 speci­
mens). 

Comments: Most specimens are encoun­
tered as isolated epicysts or hypocysts. 
The discontinuous nature of the para­
sutural crests is distinctive and exhibits no 
repetitive pattern that could be distin­
guished in several hundred observations. 

Comparison with similar species: D. ir­
regulare is most similar to D. pannea but 
differs by being slightly smaller, having 
parasutural crests that are discontinuous 
in distribution, and by having higher crest 
ornamentation on the epicyst. D. irregu­
lare differs from D. culmula in having ac­
cuminate terminations on the crest spines 
rather than bifid terminations as in D. cui­
mula. In addition, the parasutural crests of 
D. irregulare do not exhibit the basal per­
forations that are present in D. culmula. 
The antapical paraplate is larger than in 
other species of Dichadogonyaulax, gener­
ally being about half the diameter of the 
hypocyst. 

Occurrence: Lower Cretaceous, Neo­
comian, north Louisiana subsurface, At­
lantic coast offshore subsurface, U.S.A. 

Genus KORYSTOCYSTA Woollam 1983 
emend. 

Type species: Korystocysta kettonensis (Sar­
jeant 1976) Woollam 1983 

Emended Description: Proximate dinocysts 
constructed of an autophragm. Subspherical to 
ellipsoidal in shape generally bearing an ab­
breviate apical horn. Paratabulation formula: l-
3pr, 4', 1-2a, x-6c, 6"', lp, 1"" , x-6s, indicated by 
parasutural ridges, which may or may not be or-

namented with short spines or denticles. Acces­
sory ridges ("growth bands") invariably present, 
expressed as denticulate or non-denticulate 
ridges. Combination (epicystal, type E) ar­
cheopyle separating along the posterior margin 
of the precingular paraplates. Operculum free 
or attached at parasulcus. 

Comparison: Korystocysta differs from 
other genera with epicystal archeopyles by 
having accessory ridges paralleling its 
parasutural ornamentation (i.e ., "growth 
bands"), and by possessing an apical horn. 
The accessory parasutural features readily 
allow separation of this genus from other 
related forms, although they may be diffi­
cult to discern on poorly preserved speci­
mens (Pl. 1, figs. 3, 11, 12). 

Comments: Recently, Gocht (1984) dem­
onstrated "growth bands" on specimens 
otherwise attributable to C. combazii and I 
have observed similar features on the 
same species (Pl. 2, fig. 4). If this condition 
is observed on other species of 
Ctenidodinium , Korystocysta may prove to 
be a superfluous genus. The emendation 
also restricts the genus to those forms hav­
ing preapical and anterior intercalary 
paraplates and allows the operculum be 
free or attached. It is the author's experi­
ence that epicysts are commonly observed 
separate from hypocysts and that only in 
areas of poor preservation are the preapi­
cal and anterior intercalary para plates not 
evident. 

Accepted Species: 
K. gochtii- (Sarjeant 1966) Woollam 1983. It is 

possible that this species may be a 
junior synonym of K. kettonensis 
and a result of an artifact of pre­
servation. I concur with Wool­
lam's (1983) comment on the diffi­
culty of differentiating these 
species. 

K. kettonense - (Sarjeant 1966) Woollam 1983. 
Type species (see comments 
above) 

K. pachyderma - (Deflandre 1938) Woollam 
1983. 

Note: K. norrisii (Pocock 1972) Woollam 1983 is 
considered herein to be a junior synonym 
of K. pachyderma. 
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THE MAMMOTH HUNTERS, a n ovel by 
Jean M. Auel. Published by Crow n Pub­
lishers, Inc., New York, 1985, x + 645 p p. , 
casebound, $19.95 

This is the third in the readable series of 
novels published by the author treating of 

li fe in prehistoric times. It is a continuation 
of the life of Ayla, the young girl from The 
Clan of the Cave Bear and The Valley of 
Horses. It will be welcomed by those who 
enjoyed the previous volumes. 

--H.C.S. 


