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Abstract

This document presents results from a study of the Mid- to Late Eocene and earliest Oligocene marine
palynomorphs from on-shore and near-shore New Zealand. Eighty samples of appropriate age from across
mainland New Zealand were examined for fossil dinoflagellates. Acritarchs encountered in the study are
described, also, and the phenetic taxonomy of the Acritarcha provides an interesting contrast to the
present ‘mixed’ state of dinoflagellate taxonomy: phylogenetic above the genus rank, and arguably below
it, but predominantly phenetic at the genus rank.

Extensive single mount collections were harvested from a number of samples which were found to be
especially rich, well preserved, or which contained new taxa. The outcome has included descriptions of 25
new species, in addition to two (Corrudinium regulare and Corrudinium otagoense) published in an earlier
paper (Clowes & Wilson 2006), namely:

Achilleodinium echinatum Graptodinium inconditum Phthanoperidinium dentatum
Achilleodinium improcerum Graptodinium reticulatum Phthanoperidinium granulatum
?Areoligera hampdenensis Nummus inornatus Phthanoperidinium spumosum
Batiacasphaera perforata Operculodinium crouchii Phthanoperidinium tenuimurum
Chlamydophorella neopilata Operculodinium schioleri Pyxidinopsis mundus
Chlamydophorella pilata Operculodinium pulcher Pyxidinopsis teuriensis
Corrudinium bujakii Operculodinium vulgare Samlandia tenuis

Deflandrea totara Phthanoperidinium aculeatum

Disphaerogena morgansii Phthanoperidinium australe

Although there remain some difficulties where the adopted suprageneric phylogeny meets the traditionally
phenetic generic constructs, adopting an explicitly phylogenetic approach to dinoflagellate taxonomy was
found to be a fruitful approach. Investigation into some of the new taxa described herein was first prompted
by geographic or temporal occurrence criteria which hinted that relationships might be other than those
immediately suggested by gross morphology. Only upon closer inspection were subtler morphological
distinctions noticed.

To adopt a wholly phylogenetic approach almost certainly requires the abandonment of taxa, particularly
genera, which are uniquely defined by mutually exclusive morphological criteria. Other clues to phylogeny,
such as stratigraphic and regional occurrence data, may also have to be recognised. Notwithstanding, all
taxa described herein are, in fact, defined by means of conventional morphological distinctions. This study
does not take the bold step to suggest a new taxon based wholly on geographical and temporal criteria.
Doing so, however, is clearly a rational extension to the ideas presented herein, and is thought worthy of
further investigation.

A subordinate goal of this study was to further refine the younger part of Wilson's dinoflagellate
biozonation for New Zealand (Wilson 1984d, 1987, 1988; Morgans et al. 2004), to:

improve resolution, if possible;

clarify an ambiguous boundary remaining in the literature, between the Wetzeliella hampdenensis
and Wilsonidium tabulatum zones;

incorporate more common taxa, which are not restricted to particular ecological settings.

This has been progressed by a number of measures, including adopting a consistent approach to defining
zone boundaries; replacement of the Wilsonidium echinosuturatum and Wilsonidium lineidentatum Zones
with three new zones, Deflandrea convexa (early Porangan — late Porangan), Graptodinium inconditum
(late Porangan — early Bortonian), and Impagidinium elegans (early Bortonian — late Bortonian); and the
establishment of an additional new zone, the Stoveracysta kakanuiensis Zone, straddling the Eocene-
Oligocene boundary.
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Since phylogenetic concepts played no role in formulating the
classification [of Sarjeant & Downie 1966, 1974], one should be
cautious in criticizing its authors for seeming to suggest
relationships at suprageneric levels when that was not intended.
However, one can also question whether, under such
circumstances, a detailed family-like classification of “non-families”
is any more useful than an alphabetical listing or some other
systematic but frankly arbitrary ordering.

— Evitt 1985, p. 278

This contribution is dedicated to the founder and uncontested doyen of
fossil dinoflagellate studies in New Zealand,
Dr. Graeme J. Wilson
of GNS Science (formerly the New Zealand Geological Survey)
until his retirement at the end of 2007.

A wonderful mentor, field-trip companion, and kind friend.

Thanks Graeme!
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Introduction

Objectives

This document presents results from a study of the Mid- to Late Eocene and earliest Oligocene acritarchs and
dinoflagellates from on-shore and near-shore New Zealand. The focus is primarily taxonomic, but effort is also
made to characterise and compare whole assemblages, with emphasis upon refining the biozonation scheme for
the interval.

Some specific objectives of the present study are:

1. First and foremost, this study aims to evaluate the effectiveness of having adopted an explicitly phylogenetic
approach to dinoflagellate taxonomy.

The background, motivation, and evaluation of this approach are explored further in the section entitled
Taxonomic Approach.

2. The approach was trialled by applying it to “genuine” (i.e., not a contrived experiment) taxonomic research,
which was expected to further elucidate the taxonomy of the middle Eocene to early Oligocene
dinoflagellate cyst biota of New Zealand. This is the second objective.

The resulting systematic descriptions, including 25 new taxa, are documented in the systematic section.

3. A third goal is to further refine the younger part of Wilson’s (1984d1, 1987, 1988; Morgans et al. 2004)
dinoflagellate biozonation for New Zealand, to:

improve resolution, if possible;

clarify an ambiguous boundary occurring between the Wetzeliella hampdenensis and Wilsonidium
tabulatum zones (Morgans et al. 2004, p. 149);

incorporate more common taxa, which are not restricted to particular ecological settings.

This goal has been progressed (I would not claim to have written the final word on any part of the zonation)
by replacing the Wilsonidium echinosuturatum and Wilsonidium lineidentatum Zones with three new zones
and the establishment of a new zone straddling the Eocene-Oligocene boundary, as discussed in the
Biostratigraphy section.

Previous Work

Previous accounts of Paleogene dinoflagellate cysts from mainland and near-shore New Zealand include
Deflandre 1933, Couper 1960, Wilson 1967c, 1968, 1977, 1978, 1982a, 1982b and 1982c, Clowes & Morgans
1984, Wilson 1985, Clowes 1985, Wilson 1988, Beggs et al. 1992, Strong et al. 1995, Wilson & McMillan 1996,
Edbrooke et al. 1998, Crouch 2001, Willumsen 2003, Morgans et al. 2004, Willumsen 2004, Hollis et al. 2005 and
Clowes & Wilson 2006. The majority of the publications describe material from localities in eastern New Zealand
ranging from Hawkes Bay to Otago, although Beggs et al. 1992 deals exclusively with material from petroleum
exploration wells in the offshore Taranaki Basin west of North Island.

Of the several papers dealing with detailed taxonomy, the two most significant contributions are Wilson 1967c¢
and Wilson 1988 which together include full systematic descriptions and stratigraphic ranges for over 35
dinoflagellate species. These form the basis of the current New Zealand-wide dinoflagellate zonation for the
Paleocene and Eocene, part of which is also used in Australia (Wilson 1984d, 1985, 1987, Partridge & Dettmann
2003, Morgans et al. 2004). Recent refinements to parts of the scheme have resulted from the doctoral research
studies of Crouch (2001) and Willumsen (2003).

However, the Late Eocene and Early Oligocene dinoflagellate cyst fossils of New Zealand have been relatively
little documented compared to older sections. The earliest publication is Deflandre 1933, in which a siliceous
dinoflagellate, Lithoperidinium (now Peridinites) oamaruense, is described from an Oamaru diatomite, and then
there is a hiatus until a small string of publications by Wilson (1982a, 1982b, 1982c, 1985, Beggs et al. 1992,
Wilson & McMillan 1996) and the present writer (Clowes & Morgans 1984, Clowes 1985, Clowes & Wilson 2006).

! References are cited without commas separating the authors’ names and dates of publication. Where a
researcher is referred to in person, any supporting references are listed in parentheses, generally without
repreating the author’s name.
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Materials and Methods

Sample Preparation and Housing

The fossil locality numbers, denoted by “f” and recorded in the New Zealand Fossil Record File, refer to the
NZMS 260 Topographical Map Series.

Standard preparation techniques — comprising hydrofluoric acid digestion, heavy liquid flotation (SG = 2.0), and
oxidation in Schulze’s reagent — were used throughout. The practice of oxidation is now thought to selectively
remove certain cysts, and is used with more caution than in the past. Most (all but eight) of the samples used in
this study, however, were prepared long ago: many as early as the 1970s, and are likely to have been treated to
approximately 15 minutes or more of oxidation. Moreover, it remains true, even today, that oxidation is a simple,
practical technique which yields good results.

Strew slides are identified by a laboratory preparation number prefixed by the letter ‘L.’ Single grain mounts were
prepared, wherever possible, to obtain clean, oriented specimens for photography. These were hand-picked from
glycerine jelly with a mounted needle and are identified by a serial number prefixed by the letters ‘SM.’

L and SM numbers refer to the corresponding catalogues maintained by GNS Science, Lower Hutt, New
Zealand. All rock samples, palynological residues and prepared slides will be deposited in the collections of GNS
Science.

Stratigraphic Treatment

Ma NZ Stage Intl Stage Chron

In the pioneer days of New Zealand geology, Thomson 33 Rupelian C13n

formulated a system of local stages for the New
Zealand marine sequence (Thomson 1916). The 34— C13r
philosophy represented by this paper is at once the

greatest single advance and the greatest impediment

to further progress in New Zealand biostratigraphy 35— Runangan . . C15r
today. The scheme allows for the convenient pigeon- (AN) Priabonian
holing of New Zealand sediments into an overall 36 C16n
succession, with a resolution at least equal to that of Kaiatan
the international standard. However, the wholesale (AK)
continued use of Thomson'’s stages could lead us into 37
a parochial science, born and bred in isolation. Cl7n
Globally, biostratigraphic data are increasingly reported 38—
in international units — stages anchored to GSSPs or
magnetostratigraphic chrons — and this trend appears 39—
to be gaining some acceptance locally as well. Cooper Bartonian C18n
2004 represents a major milestone in our coming of Bortonian
age. Following this major undertaking, it is now 40—
possible to correlate almost any local stratigraphic (Ab)
datum with the international chronology (Table 1). C18r
Thus, a major objective of this study has been to relate 41—
the New Zealand stage material to more regional data.
42— C19r

However, to me, there seems little point in simply

substituting one set of problematic units for another —
worse, indeed, because at least the New Zealand 43 Cc20n
stages are relatively well-agreed by practising

geologists and defined by the paleontology of relatively
few organisms (most New Zealand Cenozoic stages 44—
are essentially foraminiferal zones) whereas definitions Porangan
for many international stages are still being agreed. 45— (Dp) Lutetian C20r

The samples used in the present study are all dated
independently of the study itself, generally by means of 46—
foraminifera (or interpolation from other samples which

are dated by foraminifera), although palynological
results are also important (e.g.in the Puketeraki 47—

section). Heretaungan C21n
(Dh)

Although the distinction rarely surfaces in the text, the 48—

underlying data for this study consistently distinguishes C21r

between “sections” (a delimited sequence of sediments | Taple 1: Approximate correlations between New Zealand

at a particular locality) and “collections” (a sampling | gnd international stages; after Cooper 2004.

made from a particular section, made on a given day or

Page 2



a few successive days). It is assumed that the sequence of samples from a single collection is precisely known.
But, because different collections may be made years apart, and even the most reliable of landmarks can change
over time, it is not assumed that the exact ordering of samples combined from different collections can be exactly
known. Thus, for example, when a composite section was assembled for the main species range chart given in
Appendix 2, only a single collection from each section was utilised, so as to avoid the uncertain ordering of
samples from overlapping collections.

Range Charts

The stratigraphic ranges of various taxa are presented (Appendix 2) as a series of range charts. Individual charts
are presented for a handful of genera, for which the member species are sufficiently numerous, common, and
distinctive to make it worthwhile to do so. These are referenced from the appropriate systematic sections.

Additionally, a composite range chart is provided for all taxa which have been found to be stratigraphically useful
in the studied interval. The column for this chart was assembled from various sections by hand. Samples were
selected so as to avoid uncertain correlations. As noted above, only a single collection (generally the most
extensive) from each section was utilised, so as to avoid the uncertain ordering of samples collected on different
occasions.

In all cases, the charts were prepared programmatically from raw occurrence records, ignoring identifications
marked as uncertain. Rows in the charts, corresponding to individual samples, were omitted if they contained
neither a FAD nor a LAD for any taxon included in the chart.

Descriptive Terminology and Notation

General

Descriptive terminology generally follows Evitt et al.
1977, Stover & Evitt 1978, Evitt 1985, and Fensome et
al. 1993b, extended by a small number of additions
proposed by subsequent authors. A schematic
diagram, illustrating the most fundamental features of
dinoflagellate morphology is reproduced in Text-Fig. 1,
and many of the important individual terms employed
here are defined in the glossary.

ANTERIOR OR APEX

This contribution adopts the recommendation of Norris
(1978a) to omit the unnecessary para- prefix from
terms such as paraplate, parasuture, and so on.

It adopts the most popular of the tabulation notation
systems, based on Kofoid's original, because it is a
strictly descriptive notation system. Although there are
others, such as the Evitt-Taylor and Edwards systems,
and no doubt each has some advantages (e.g. see
Fensome et al. 1996), they share a common failing in
attempting to codify presumed plate homologies within
the notation itself. While there may yet come a day VENTRAL DORSAL
when these homologies are so well-understood that VIEW VIEW

they acquire near-factual status, for the present they | text-Fig. 1: Schematic diagram, illustrating the most
remain interpretive, and interpretation has no place ina | fyndamental features of dinoflagellate morphology.

POSTERIOR OR ANTAPEX

descriptive notation. AH = apical horn; AAH = antapical horn; TP = plates;
SUT = sutures; ClI = cingulum; TF = transverse
Archeopyle Morphology flagellum (not fossilised); FP =flagellar pore;

SU =sulcus (shaded area); LF =longitudinal
flagellum (not fossilised). The upper or portion of the
cysts, anterior to the cingulum, is known as the

Detailed archeopyle morphology is nowadays
considered less important than it once was (“highly

overrated” in the words of Evitt 1985, p. 280). episome, and the posterior portion as the hyposome
Nevertheless, it still has its place and many genera in p ’ P P yp )

widespread use today are distinguished by archeopyle [After Fensome et al. 1996]

characteristics and little else (e.g. Cerebrocysta and Pyxidinopsis). Indeed, the rather fragile distinction between
the subfamilies Deflandreoideae and Palaeoperidinioideae is entirely based upon archeopyle characteristics
(Fensome et al. 1993b, p. 129, text-fig. 133) with the genus Phthanoperidinium uncomfortably straddling both.

Two particular points are noted here:

1. An archeopyle metric widely employed in the description of peridiniaceans is the transverse archeopyle
index (width of the widest part of the archeopyle divided by the total width of the cyst at the same “latitude”).

Lentin & Williams 1976 (p. 22) also defines a “transverse archeopyle ratio” (not to be confused with the
unqualified term, archeopyle ratio, e.g. as defined in Evitt 1985, p. 133) but Lentin & Williams's ratio is
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algebraically equivalent to the index [1/R = (1/I) — 1] and so it adds no new information. Specifically, it
should not be used (e.g. as in Lentin & Williams 1976, table 7) to provide a second dimension on a scatter
plot. It is here proposed that use of the transverse archeopyle ratio metric be discontinued altogether.

All of the numeric archeopyle metrics presented herein are transverse archeopyle indices.

2. Here, and in a previous study (Clowes & Wilson 2006), certain species attributed to Pyxidinopsis and
Corrudinium were observed to possess a distinctive plate 3" which is very narrow at the top, lending a
roughly triangular appearance to the archeopyle. The term “subtriangular” is applied to this morphology, and
“pentagonal” to the usual, Gonyaulax-style of precingular archeopyle, in which the top margin is broader
and typically angled where the suture between plates 2' and 3' connects.

Density of Ornament

A common characteristic of several different kinds of surface ornament — whether a reticulum, or rugulum, or
whatever — is the density of the ornamental features. Typically in the literature, ornament is described using
absolute measurements. However, ornamental features often scale in proportion to the overall cyst diameter.
Recognising this, an approach experimentally used in this study is to count the number of ornamental “units”
across the visible diameter of the cyst.

The approximate measure is obtained simply by counting across a number of radii and averaging the counts for
+round forms; across the cingulum for peridinioids. I'll revisit the wording of this section to address any ambiguity.

It might be expected that this number becomes difficult to ascertain as one approaches the ambitus, or limb, of
the cyst, where the surface retreats until it becomes perpendicular to the observer. In practise, however, an
approximate measure is easy to obtain, quicker than absolute measurement, and automatically compensates for
differences between small and large individuals. It has been found to have considerable merit.

A Note on lllustrations and Descriptions

A principle adopted in the preparation of this document is that illustrations without accompanying descriptions are
completely useless, and descriptions without accompanying illustration are not greatly better. Accordingly,
descriptions have been provided for many taxa, even if they be well-described already, and supposedly well-
understood. Any taxonomist who has tried to assemble a dataset for cladistic analysis — even for such as a well-
known taxon as Deflandrea, for example — is well-aware that observations for corresponding characters of most
species are difficult to locate in the literature. Comparable descriptions of even a few taxa are difficult to come by,
and broad datasets, including many taxa, rare indeed.

As a consequence of the second part of the proposition, almost all of the taxa identified during the study have
been illustrated by at least one specimen, the result being something in the order of 90 plates. The intention is
that all of my identifications can be readily verified by the reader, who may then make an informed decision
whether or not to include the occurrences reported here into their own synonymies. Merely listing a taxon name
as “present” does not afford such confidence.

In respect of the photographs themselves, digital images were cropped and sometimes rotated, using Adobe
Photoshop. However, no images have been enhanced by any means — including brightness, contrast or
sharpness manipulation — nor has any debris close to the imaged specimens been masked. | have attempted to
produce published images as close as possible to the first-hand experience of seeing the specimens down a
microscope.

Many of the dinoflagellate descriptions provided below are computer generated. This is an approach to
taxonomic description which is becoming increasingly popular. Observations are collected in some kind of
database — perhaps something as simple as a spreadsheet — and computer generate the description text, or at
least a draft of it, from there. Some of the practical advantages of this technique are that it ensures consistency of
the format and coverage of features, and, because the author is typically compiling descriptions from raw data in
a database anyway, reduces the likelihood of copying errors.

A similar approach was attempted here, with the dinoflagellate descriptions only. Results were mixed.

| took some pains to generate text in an acceptable final form. Once computer-generated text (of any kind) has
been hand-edited, it can no longer be recreated if a new observation requires a change to be made to the base
data, unless one also reapplies the manual changes. This requires keeping a record of all such manual changes
which, for a large database, is a considerable overhead., which does not require subsequent hand-editing. In
practice, however, | found that fully computer-generated descriptions were often inferior to those that were “hand
written” and some manual editing was necessary in many cases. Notwithstanding these few shortcomings, the
computer generated descriptions provided a useful place to start, and, | believe, saved a great deal of time.

Rather than a series of observations (“character states”) being attached to fixed set of morphological features
(“characters”; think of columns in a spreadsheet), the characters themselves are also defined in a table, together
with various annotations describing their relationship to one another. This nuance permitted new characters to be
defined, or existing characters to be modified, without any requirement to change the programme which
generates the descriptions, and was found to be very effective.
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Exactly the same table of characters and character states was also used to generate the keys described below.
This approach ensured consistency between the descriptions and the keys, and, assuming the keys are able to
resolve of all taxa, further ensured that the descriptions are truly diagnostic — at least within the context of taxa
defined in the tables. Certain character states are flagged as unsuitable for use in the keys. Typically, exact plate
counts, especially of minor series such as the sulcal plates, are not useful in keys, either because they are
variable between individuals which we would otherwise recognise as belonging to the same species, or because
they are too difficult to observe in all but the most perfect specimens. The keys are discussed further, below.

Identification Keys

Identification keys are common in modern floras, yet, despite an early outing in the influential Evitt 1985, and
some notable exceptions such as Jan du Chéne et al. 1986a, for some reason the technique does not seem to
have become widespread practice in palynological studies. Some limited use of keys for selected genera and
higher taxa has been introduced in the present endeavour. Some, typically those for supra-generic taxa have
been assembled by hand; others are computer-generated from the table of morphological features (“characters”)
and observations (“character states”) for each species.

A key comprises a number of questions, or decision points (“is the operculum free or attached?”) known as
nodes, from which arise one or more branches, depending upon the answer. Near the beginning of a typical key,
most branches will lead to further questions. Later, though, the branches will lead to answers from which no
further branches arise (“leaves”). Ideally, most of these will provide resolved identifications.

At the first node in a key, and at each subsequent node, are assembled one or more taxa, each taxon having one
or more characteristics and its associated character state. An artificially simplified set for a key to subspecies of
Hystrichosphaeridium tubiferum might look something like this:

Taxon Character Character State
H. tubiferum subsp. brevispinum archeopyle type apical

operculum attachment free

length of processes less than diameter of body
H. tubiferum subsp. tubiferum archeopyle type apical

operculum attachment free

length of processes more than diameter of body

In the special case where there is only a single species present, then we have arrived at a leaf and the only task
required is to write down the “answer.”

In the case of non-leaf nodes, however, we have a more complex task. The first decision is which character is
best to distinguish between the taxa. One approach would be to calculate the outcomes of using each character
in turn, potentially carrying this calculation forward through many nodes, and choose the best approach in
retrospect. Where there is only a small number of taxa and characters, it might even be possible make an
exhaustive calculation of every possible key. Many chess- and other game-playing programmes use some
variation of this technique.

The computer programme employed here, though, takes a different approach. Instead of calculating many
outcomes, and retrospectively choosing the best character, a heuristic is used to try to predict the best character
to use. This approach may occasionally produce suboptimal results, but it is no less “accurate” in the sense that it
doesn’'t make actual errors, and keys are able to be constructed much more quickly. The entire systematics
section of this thesis, together with all keys, descriptions, references, range charts, text-figures and plates, is
generated in three or four minutes on a regular desktop PC.

The best character to use at a given node is chosen by scoring all characters using a handful of criteria, as
follows:

The choice of a specific character divides the taxa into one or more groups, depending upon the states
each has for that character. Dichotomous keys require that the taxa at each node are always divided into
two groups (i.e., that the node has two outgoing branches); polytomous keys (as these are) do not have that
restriction. One outcome which is useless, however, is where a character produces only a single group; i.e.,
it cannot differentiate between any of the taxa. Such characters are assigned a high (effectively infinite)
negative “score”.

In both dichotomous and polytomous keys, it is considered best for the groups to be of approximately equal
size. This criterion promotes shorter keys. The programme handles this criterion by calculating the
difference between the sizes of the smallest and largest group, multiplying by a weighting factor, and setting
the resulting number as a negative score against the character being assessed.

The overall number of groups is also multiplied by a weighting factor, and set as a negative score against
the character being assessed. This criterion favours characters which divide the taxa into fewer groups:
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ideally two (producing a dichotomous node) but the weighting is not overwhelming. Nodes with three or four
outgoing branches are common in the following keys.

Finally, the number of “unknown” character states is multiplied by a high weighting factor, and set as a
negative score against the character being assessed, so as to favour characters for which the data are
complete, at the expense of characters which are poorly understood. (Characters which are ambiguous,
difficult to determine, or problematic in some other way, are simply not made available to the key generating
programme in the first place.)

Having evaluated each character against all criteria, the one with the best score is chosen for use at the current
node, and taxa are divided into groups depending on their states for the chosen character. In cases where the
state is variable (“the operculum is free or attached”), both character states are evaluated. Thus it is possible for
a single taxon to pass down two (or more) branches from a node and so appear at more than one leaf in a key.
Then, taking each group in turn, the programme invokes itself (an operation known as “recursion”) to consider the
subset of taxa, characters, and character states for that group. The idea of recursion can seem astonishing to
non-programmers, but in fact it is standard practice in cases where a large data set is to be broken into subsets,
and each subset treated the same way in turn.

The programme terminates successfully when a leaf is reached. Here, it simply prints out the name of the
remaining taxon and “returns” without invoking itself further.

However, there is also an “unsuccessful” termination, which arises when there is more than one taxon left, but no
character can be found to differentiate between them. This situation arises when there is insufficient
morphological data available to differentiate between genuinely different forms, and also in the case of true
synonyms. The programme explicitly checks for this possibility and simply treats it as a special kind of leaf. It
prints out a list of the undifferentiated taxa, and returns. Some of these cases have been picked up in earlier
drafts of this document, and additional characters defined so as to permit full resolution.

In practice, the keys so produced were found to of highly variable quality, and the majority are omitted in the
following text. Only a few have been retained where they seem to make a useful contribution to the discussion. In
other cases, minor problems have been overlooked or corrected by hand, this being a primarily taxonomic study
rather than a computer science project. Before persisting any further with this initiative, | believe it would be
necessary to improve the computer programme considerably, so as to better accommodate multiple character
states, and to support both phylogenetic and phenetic keys.
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Taxonomic Approach

Scope

Although fossil palynomorphs are taxonomically diverse, in practice, individual taxonomists do tend to specialise.
In New Zealand, at least, the tradition has been for our researchers to specialise in either terrestrial pollen and
spores, or marine acritarchs, dinoflagellates and various “algae”.

A variety of palynomorphs has been encountered during this study. | have not attempted to report them all. Only
dinoflagellates, acritarchs, and a handful of Pterospermatales have been studied.

Introduction and Motivating Philosophy

Sir Earnest Rutherford, who was born in Nelson, near what is now Brightwater, before travelling to Manchester
and discovering the atomic nucleus?, once famously proclaimed that “All science is either physics or stamp-
collecting” (e.g. Gallagher & Appenzeller 1999). While strongly disagreeing with this assessment, it is
nevertheless true that, without some unifying theory behind it — evolution, obviously —a catalogue of
dinoflagellate taxa is, indeed, little more than a stamp album. Describing and illustrating taxa has its uses,
certainly, but alone it is only part of the story. It is phylogeny that breathes meaning into the names, and makes
the pictures tell a story. In my first period of working with dinoflagellates, some twenty or more years ago, | was
unsettled by the lack of it (the words “gonyaulacacean lineage” on p. 29 of Clowes 1985 were a poor attempt to
fill a perceived vacuum) and in the present study, | was determined to try out the new developments which have
been made since then.

The science of biological taxonomy has undergone a revolution during the past 50 or so years, initiated at least in
part by ideas published by Hennig in 1950 and 1966, and the last of the dust has yet to settle, even now. Some
cherished morphological constructs have been eroded as the cladistic movement has gained traction and brought
the phylogenetic world-view into collision with established form-taxonomy.

The debate has been robust, intemperate at times, and the cladists have — easily, in my view — won the high
ground from a purely theoretical standpoint. There have even been proposals to eventually replace the Linnaean
nomenclatural system currently in use (see, for example, Brochu & Sumrall 2001 and references therein). But,
although few have been brave enough to challenge the logic of adopting a phylogenetically-based taxonomy on
theoretical grounds, some grass-roots dinoflagellate (and other) paleontologists have simply refused to
acknowledge that anything is fundamentally different; they have continued organising their material exactly as
they have always done or, arguably worse, have adopted phylogenetic frameworks merely as an alternative to
alphabetical or some other arbitrary order.

One referee of a recent paper of mine asked, rhetorically, whether it would ever be possible to truly know the
phylogenetic relationships between our taxa. Insofar as fossils are our objects of study, it can be said that
morphology is the only objective evidence we have available, but this argument is a more than a little
disingenuous: We can certainly deduce phylogeny in some cases, perhaps many. One of the earliest attempts
along these lines was that of Eaton (1971), who examined some sequences of Areosphaeridium and close allies.
Eaton’s sequences have been dismissed as “not phyletic” by some subsequent authors (e.g. Damassa et al.
1994, p. 4-5), because the break-up of the genus Areosphaeridium by Stover & Williams 1995, dispersed several
of the species across two or three genera which are purported to belong to different families. It will later be
contended herein that the analysis of Stover & Williams 1995 is fundamentally flawed, and that many of the
species are not greatly different. Eaton’s lineages may yet prove to be phyletic, after all. However, whether they
are or are not, in this particular case, is beside the point: As long ago as 1971 — more than thirty years ago —
Eaton was able to propose a plausible evolutionary succession of fossil dinoflagellate cyst taxa. It is surely not
beyond our means to effect similar work today.

Some other well-known papers which make the attempt to deduce the phylogeny of various dinoflagellate cysts
are Davey 1969c (Amphorosphaeridium and Cordosphaeridium), Bujak 1976 (Areosphaeridium and close allies),
Bujak 1979 (Rhombodinium and Gochtodinium), Costa & Downie 1979a (Wetzeliellaceae), and Dérhofer &
Davies 1980 (Rhaetogonyaulacineae). However correct or otherwise the proposed lineages are eventually
determined to be, these examples should be inspirational. They prove that we can deduce phylogeny, with
sufficient application. We certainly can do much better than we have done to date.

There are very pragmatic reasons to eschew a single-mindedly morphological taxonomy of dinoflagellates too. A
key failing of any form-taxonomy to the working stratigrapher is that form-taxa have no general stratigraphic
value: ranges can be discontinuous or of a length which defies credibility. Any stratigraphic relationship between
form-taxa is coincidental. Consider the following real-world situation: A form-taxonomic group — say the
dinoflagellate genus Pyxidinopsis — contains species ranging geographically from the North Atlantic to New

2 “Geiger recalled that, early in 1911, ‘one day Rutherford, obviously in the best of spirits, came into my room and
told me that he now knew what the atom looked like and how to explain the large deflections of alpha particles’”
(Weinberg 1993, p. 127).

Page 7



Zealand, and temporally from Late Jurassic to Quaternary. The taxon thus defined has very little to offer the
practising paleontologist. Identifying a specimen as belonging to this genus leaves the researcher none the wiser.
(Of course there are some dinoflagellate genera which are genuinely, and perhaps unavoidably, like this, though
Pyxidinopsis isn't one of them — refer to the Systematic section.)

It is obvious (or, at any rate, it will adopted as such in the following text) that the phylogenetic approach has the
greater interpretative and predictive value. As noted in Grimaldi & Engel 2005, p. 15: “Besides identifying
lineages of organisms, [a phylogeny] can record the success and demise of those lineages, and perhaps even
provide explanations for these outcomes. Phylogenies also allow the interpretation of evolutionary patterns.
Another salient scientific advantage to understanding phylogeny, though, is that it allows predictions. Armed with
knowledge about the closest relatives, accurate predictions can be made about any species, and so phylogenies
explain very well. There are many ways to classify organisms — things good to eat, bad to eat, things that sting —
but a phylogenetic classification, one that reflects and summarises phylogeny, is the most useful and a goal of
modern systematists.”

While far from blind to the practical difficulties and shortcomings of the phylogenetic scheme followed herein
(Fensome et al. 1993b), it seems to me to offer the greatest hope for the future. Developing a better form-
taxonomic framework, perhaps something analogous to Potonié’s turma concept (Traverse 1988) used for pollen,
might yield better short-term results, but to me it seems backward-looking and carries the additional risk that it
may simply detract from the collective effort even further. Working with the phylogenetic philosophy and
evaluating its contribution to (or detraction from) the study is the key element of this research project.

Suprageneric Classification

Over the past few decades, a number of authors have attempted to synthesise suprageneric classification
schemes for all or part of the Dinoflagellata. A handful of examples, by no means comprehensive, are Eisenack
1961, Sarjeant & Downie 1966, Norris 1978a, b, Bujak & Davies 1983, Taylor 1987d, 1990. Some of these
schemes were early attempts at a phylogenetic approach; others phenetic (i.e., presenting a form taxonomy).
Some considered only fossil cysts, or considered modern and fossil dinoflagellates separately; others attempted
to unify fossil and modern classifications.

By far the most comprehensive attempt to date is Fensome et al. 1993b. (A number of the authors of earlier
attempts, mentioned above, are bundled up in the “et al.”) This landmark work provides a suprageneric
classification for both modern and fossil dinoflagellates which is explicitly phylogenetic.

In this work, the Dinoflagellata is divided into two subdivisions (subphyla) and three classes, primarily on
characteristics of the nucleus (obviously a neontological feature). Lower taxa — comprising five subclasses,
fourteen orders, ten suborders and fifty six families — are recognised on the basis of tabulation patterns, which
can, at least in principle, be recognised in both fossil and modern material. Below the level of family, a broader
variety of features is employed. This is the part of the scheme which is least systematised, and, one gets the
impression, most likely to be modified in the future for that reason.

The phylogenetic philosophy underpinning the entire Fensome et al. work is made explicit as early as the third
paragraph of the abstract, which is worth quoting in its entirety:

The classification, and the phylogenetic hypothesis that derives from it, supports the following
premises: 1) that below the rank of class, amphiesmal structure, especially tabulation, is the most
valuable and meaningful criterion in classifying dinoflagellates; 2) that the use of cell or cyst habit
(i.e. general shape or morphology) in classifying dinoflagellates should be restricted in its use primarily
to subfamily and, less commonly, higher rank; 3) that, although incomplete and despite the sporadic
evidence of Paleozoic dinoflagellates, the fossil record supports a major adaptive radiation of
dinoflagellates during later Triassic and earlier Jurassic times; 4) that the majority of living thecate
dinoflagellate[s] can be interpreted as having either a peridinialean or gonyaulacalean tabulation, and
that these tabulations, and hence the orders Gonyaulacales and Peridiniales, have been separate
since at least the Early Jurassic.

A corollary to their premise is that ornamental features, per se, have less significance than plate topologies. This
is an observation which deserves explicit recognition: It is quite evident that gross ornamental morphologies,
such as spinose processes or whatever, recur again and again in taxa which are as distantly related as
peridiniaceans and gonyaulacaceans. These kinds of features, while useful species-level distinctions, offer little
insight at higher taxonomic levels. Indeed, it seems likely that ecological considerations exert as much control
over the development of these features as do genomics.

It is with these concepts firmly in mind that the present study was undertaken.

Dual Nomenclature

It is quite contrary to the spirit of a phylogenetic classification to retain a dual nomenclature for motile and cyst
forms of the same taxon. However, two major methodological difficulties stand in the way of a unified approach at
present:
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1. Although Fensome et al. 1993b does much to reconcile the higher taxa, there is still no usable
correspondence between thecal and cyst taxonomies at the generic level.

2. In most cases the association of cysts, particularly of older fossil cysts, with motile forms is not convincingly
established. It is this uncertainty which, for example, led Matsuoka et al. (1997) to recommend the retention
of ‘Hystrichosphaeridium’ centrocarpum and similar forms within the cyst genus Operculodinium, rather than
in the thecal genus Protoceratium.

Consequently (and with some misgivings) | have followed the standard practice of using exclusively cyst taxa at
the generic and species rank.

Splitting, Lumping, and the Use of Subspecies

Authorities differ in their interpretations of taxonomic boundaries, and no doubt always will. Those favouring fine
division are colloquially known as splitters; the opposite extreme as lumpers. This contribution adopts the
philosophy set out below.

Morphological breaks, or discontinuities, between taxa are sampling artefacts. If every organism that ever lived
could be called to heel, it would be possible to assemble an insensible gradation from elephants to pond-scum. In
the more prosaic phrasing of Brochu & Sumrall (2001, p. 754), “An evolutionary group exists because of common
ancestry. The only natural boundaries for these groups are [splitting of lineages] and extinction.” Richard Dawkins
(2004) hammers home a final nail with a sledgehammer: “[W]e have a continuous historical lineage in evolution.
At the borderline between any fossil species and its immediate predecessor, there must be some individuals
about whom it is absurd to argue, since the reductio of such an argument must be that parents of one species
gave birth to a child of the other. It is even more absurd ... [in the case of higher taxa]. These are evolutionary
regions into which our zoological naming conventions were never designed to go” (p. 69).

A widespread though erroneous impression of the punctuated equilibrium hypothesis (Eldredge & Gould 1972) is
that it conceives of evolution as proceeding in a series of quantum jumps, or saltations. In fact, punctuated
equilibrium isn’t, and never was, a theory of saltations. For authenticity, this is perhaps best explained by one of
its original authors: “Our theory entails no new or violent mechanism, but only represents the proper scaling of
ordinary events into the vastness of geological time. An isolated population may take a thousand years to
speciate, and its transformation would therefore appear glacially slow if measured by the irrelevant scale of our
personal lives. But a thousand years, appropriately recorded in geological time, is only an unresolvable moment,
usually preserved on a single bedding plane, in the lifetime of species that often live for several million years in
stasis” (Gould 1992; italics added).

Punctuated equilibrium is not relevant to the present study — it is concerned with the allopatric speciation of
sexually reproducing metazoans (Eldredge & Gould 1972, p. 94) — but, even if it were, it would not represent a
contradiction to the view presented in the preceeding paragraphs. Notwithstanding one or two real saltations, if
there are such things, as paleontologists we all believe in evolution, and we are all aware of transitional forms
between neatly circumscribed taxa. Thus, whether they arise slowly or quickly, punctuated by stasis or not,
divisions between taxa — morphospecies — are gradational and arbitrary. Published fossil taxa are simply
convenient, though somewhat random, “signposts” scattered over a phylogenetic tree. The presence or otherwise
of known intermediates has no phylogenetic meaning. Specifically, it is irrational to combine — to lump — taxa
simply because intermediates are observed, rather than lying undiscovered in some rock we have yet to
examine. In this respect | am an unapologetic splitter and quite reconciled to living with the imprecision inherent
in gradational boundaries between taxa.

It is a commonly held view that taxa should be distinguished — split — where they have stratigraphic value; left
combined otherwise. But this idea is equally absurd since we cannot know, a priori, which taxa will have future
stratigraphic value, and which will not. Where consistent morphological differences exist, they should be
recognised, and that's all there is to it. The reverse argument does have some merit, though. Different taxa,
whose occurrences are widely separated in time or space, should not be lumped, in my opinion, even if
morphologically very similar.

If we accept that species will be recognised, even where they may intergrade with one another, then the manner
in which we employ subspecies suggests itself for review. Given that we are dealing with fossils, we are deprived
of the semi-objective (at best) fertility and genome criteria available to neontologists. We must recognise that our
decision is almost entirely arbitrary: practical usability alone can be our guide.

In the past, implementation of the subspecies construct has been quite inconsistent, with some authorities
making extensive use of the concept and others ignoring it. Where it has been used, there may be some implied
phylogenetic relationship, generally absent from our present use of higher order taxa. Developments of the past
few years, however, have seen an increasing phylogenetic philosophy brought to bear above the genus level.
Although that work is still far from complete, the new front line in our battle to understand these organisms more
fully, lies at the level of genera and species. We must pick apart the old catch-all genera which have been used
as dumping places for species with superficial resemblance, but no seriously implied kinship, and assemble a
new taxonomy of genera reflecting true (or, at least, hypothesised) phylogenetic relationships. In that endeavour,
subspecies are something of a distraction. Their time may yet come, but for the moment | have chosen to ignore
the construct.
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Nor have | yielded to the temptation to assign difficult forms to “complexes” or superspecies. Some specimens
exhibit morphologies which are intermediate — sometimes in different and conflicting degrees for different
characteristics — between neatly circumscribed taxa. They are difficult to identify, and that is just a fact of life. The
taxonomist still has to stand up and commit to a view: otherwise his discipline becomes, indeed, “just stamp-

collecting.”
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Presentation of Findings

The findings of the study are presented as follows:

A brief review — essentially annotated references to the available literature — of the localities and geology of
the sections from which the samples were drawn is provided next. The localities occur across the country,
including both North and South Islands; both west and east coasts.

A list of the 80 or so individual samples examined in this study is provided in Appendix 1.

Next, the Systematics section describes almost all of the acritarch and dinoflagellate taxa encountered in
the study, including a small number which could not be identified to even generic level. Only the poorest
and most ambiguous material is omitted from the Systematics section entirely.

An extensive collection of more than 1000 individually mounted specimens was harvested from a number of
samples which were found to be especially rich, well preserved, or which contained new taxa.

Where sufficient material, of sufficient quality, was found, new taxa have been described. If the material was
too sparse, or poor, to be reliable, informal tags are provided. (As the writer encountered new forms during
the study, informal tags were applied consecutively. Subsequent identification or description, however,
means they are no longer so.) The outcome has included descriptions of 25 new taxa, including two
(Corrudinium regulare and Corrudinium otagoense) published in an earlier paper (Clowes & Wilson 2006).

It is recognised that description in a limited-run thesis does not constitute effective publication in the sense
of the Internation Code of Botanical Nomenclature (Article 29). However, it is intended to publish the
present text with minimal modification as soon as practical, so the usual trappings of formal publication
(specifying holotypes, repository, etc.) have been provided in preference to using manuscript names.

All taxa are described by means of morphological distinctions. As further elaborated in the Conclusion
section, this study does not take the bold step to suggest a new taxon based wholly on geographical and
temporal criteria. Doing so, however, is clearly a rational extension to the present ideas, and such an
approach is advocated as worthy of further investigation.

A Biostratigraphy section discusses the dinoflagellate biozonation for New Zealand, as it is presently known,
and presents a number of proposals to refine the scheme, including:

a. redefining zone boundaries using the lower boundary only, so as to eliminate the possibility for gaps or
overlaps to arise;

b. replacing the Wilsonidium echinosuturatum and Wilsonidium lineidentatum Zones with three new
zones;

c. replacing the Wilsonidium tabulatum Zone with an approximate equivalent defined by the more
commonly found Rhombodinium glabrum; and

d. defining a new zone marked by the FAD of Stoveracysta kakanuiensis at or very close to the Eocene-
Oligocene boundary.

Finally, a concluding section revisits the principal taxonomic theme of the study, and summarises the major
findings.

Appendices and plates complete the document.
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Study Areas

A map locating the broad study areas described below,

is provided in Text-Fig. 2. 170° 175°E

Waikato ®

Basement in the region is provided by the massive,
largely undifferentiated graywackes of the Torlesse
Supergroup. Graywackes of the Manaia Hill Group,
ranging in age up to late Jurassic, crop out east of the
Waipa Fault. Over this, a transgressional sequence,
the Te Kuiti Group, comprises basal coal measures Taran.aki
overlain by marine sediments, deposited as the early Basin 2
Cenozoic shoreline moved south and westward.

The economically significant Waikato Coal Measures
are of Arnold age; further south, the coals are Landon:
possibly as young as Duntroonian at Tongariro
National Park (Suggate et al. 1978, p. 449). The oldest
marine beds are Whaingaroan.

Old Mountain Road

The Old Mountain Road site (Text-Fig. 3) is located at
grid reference S14/937707, below a prominent bluff,
60 m south west of the summit of Old Mountain Road,
situated approximately half way between Hamilton and
Raglan, Waikato, North Island, New Zealand.

45° 4 R 45°
Great South

Basin
0 200 km

Hawkes Bay 170° 175°E 180°

Rocks of the Hawkes Bay area comprise | Text-Fig. 2: Map of New Zealand locating the broad
predominantly marine sediments ranging from about | study areas discussed herein:

mid-Cretaceous to Quaternary in an almost complete . . .
sequence Q y P (1) Waikato, (2) Taranaki Basin, (3) Hawkes Bay, (4)
' Cape Foulwind, (5) Central Canterbury, (6) Oamaru-

General accounts of the geology of the area include | Dunedin area, including Kakanui River mouth,
Kingma 1971. Hampden Beach, Puketeraki, and Abbotsford.

Pre-Cretaceous greywacke basement is overlain throughout the region by sediments laid down in a shallow
synclinal setting. Material was apparently derived from the east and southeast during the Cretaceous, and
afterwards from the west. The rate of deposition was slow prior to the Miocene; sediments are generally thin, fine
grained, and conformable throughout the Eocene and early Oligocene.

Akitio River

The Akitio River flows through the east cost ranges of north Wairarapa, New Zealand. The general geology of the
Akitio area is described in Neef 1992. The locality for the sample analysed in the present study is shown in Text-
Fig. 4.

Te Uri Stream
Te Uri Stream is located on the southern flank of the Whangai Range in southern Hawkes Bay, North Island, New
Zealand.

The type Porangan material analysed in this study was collected from between grid reference U24/031959 and
U24/032959 (Text-Fig. 5). It is the original stratotype for the entire Dannevirke Series, although exposures are
often poor and stage boundaries seldom available for close study.

Waipawa Section
Waipawa township is located on State Highway 2, north of Waipukurau, North Island, New Zealand.
The area was mapped by Kingma 1971. The section itself is a standard for the Dannevirke Series, supplementing

the incomplete type section at Te Uri Stream (Hornibrook & Harrington 1957, Wilson 1988). Columns and a taxon
range chart for Waipawa Section are provided in Wilson 1988.

The section has been extensively studied for foraminifera (Hornibrook & Harrington 1957; Hornibrook 1971;
Jenkins 1971), calcareous nannofossils (Edwards 1971), and palynomorphs. Couper 1960 describes some
terrestrial palynomorph taxa from the section but, of marine taxa, he records only the presence of unspecified
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microplankton. The earliest dinoflagellate taxonomy from the section is Wilson 1967¢ and the definitive account is
provided by Wilson 1988.

The locality for the sample analysed in the present study is shown in Text-Fig. 6.
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N
ey,
Nl -
¥
S
ALK
|‘|“

Page 13



Z "i!’" /
P RE))

< S 4K
A o =
AN

B 5

N8
o B :
 § VA _
MmN Bl B}

=1
2 N\
A TVZA
- - . |
. »
- - -
|
> -
u - At
N\ D
'
D .
— >
X

{ /

Westland

Upper Cretaceous coals are overlain, after a (probably region-wide) break, by Cenozoic sediments laid down in a
transgression which lasted through to the Oligocene, when limestone (e.g., the Cobden Limestone) was
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deposited in most areas, followed by a regressional sequence (e.g., the Miocene to Pliocene Blue Bottom
Formation).

The transgressional sequence commences with coals, which generally young to the north (Suggate 1950,
Couper 1960, p. 13-14), and include the economically significant Brunner Coal Measures, overlain by marine
sediments ranging in age from ?Teurian upwards. The earliest marine sediments are Bortonian in the Greymouth
Coalfield, Kaiatan in the Buller Coalfield. The Kaiata Siltstone may be wholly Kaiatan.

Cape Foulwind Section

Cape Foulwind forms a prominent headland on the west coast of the South Island, New Zealand (Text-Fig. 2).
The section crops out along the base of the sea cliffs extending south from the headland, roughly between grid
references K29/829386 and K29/834388 (Text-Fig. 7).

The sea cliffs along the west and north coasts of Cape Foulwind provide key reference sections through the
Runangan and Lower Whaingaroan Stages.
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Text-Fig. 7: Location map for the Cape Foulwind section samples.

Nine Mile Bluff

Nine Mile Bluff, where marine sandstones of probable Kaiatan age overlie brown coal, is located north of Point
Elizabeth and the Grey River mouth, on the Westland coast (Text-Fig. 8).

Canterbury

Principal accounts of the general geology of the area include Gair 1959, Wilson 1956, and Wilson 1963.

Base comprises indurated Triassic or Jurassic rocks of the Torlesse Supergroup, overlain by late Cretaceous and
early Cenozoic basal coals and marine sediments laid down as the shoreline migrated generally west and south.
Transgression reached a maximum in the Oligocene, followed by regression associated with uplift of the alpine
range.

Upper Eyre River

The headwaters of the Eyre River lie in the Puketeraki Ranges, north of the Waimakariri River and to the west of
Oxford, central Canterbury, South Island, New Zealand (Text-Fig. 9).

The geology of the area is mapped by Gregg 1964 and further described in MacPherson 1947, McLennan 1981,
and Wilson 1982c.

Page 15




Dinoflagellate assemblages from two samples recovered from the area, at grid reference L34/294700, are

described in Wilson 1982c.
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Oamaru-Dunedin

The Great South Basin and the on-shore correlative sediments of coastal Otago range from Late Cretaceous to
mid-Miocene.

General accounts of the geology of the Oamaru area include Park 1918, Gage 1957, and Mutch 1963. A detailed
allostratigraphic analysis is provided by McMillan & Wilson 1997.

Basement in northern Otago comprises a ?Cretaceous peneplain, principally of schist, which became inundated
from the north, beginning in the latest Cretaceous, allowing the accumulation of marginal coals and fully marine
sediments. Sedimentation appears to have ceased for a time early in the Eocene, and been reversed by erosion
in places (Gage 1957, p. 16) before recommencing. Intermittent basaltic intrusion marked the late Eocene-early
Oligocene interval, followed by slowing sedimentation through to the middle or late Oligocene, when sediment
accumulation increased again.

Burnside Marl Pit

The Burnside Marl Pit (or Burnside Quarry) is located to the west of central Dunedin, South Island, New Zealand
(Text-Fig. 10).

The section is described in Benson 1968.

A column and description of the sequence exposed in the Pit are provided in Wilson & McMillan 1996 (p. 4-5,
figs. 8-11).

Descriptions of foraminifera (p. 5, 133) and dinoflagellate (p. 5, 128-132) assemblages for this section are
provided in Wilson & McMillan 1996.

Text-Fig. 10: Location map for the M26 core (west) and Burnside Marl Pit (east).

Hampden Beach Section

Hampton Beach is located to the north of Hampden township, south of Oamaru, South Island, New Zealand
(Text-Fig. 11).

The Hampden Beach area is mapped by Brown 1938 and the section has been well-known and repeatedly
studied for many years, acquiring the working status of Bortonian stage lectostratotype (Cameron & Waghorn
1985, Wilson 1985, Hornibrook et al. 1989) owing to the poor exposure and fossil content of the original
stratotype at Bortons, in the Waitaki River valley.
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Class Syndiniophyceae — Dinoflagellates with motile cells (dinospores or gametes) with a
dinokont arrangement of flagella, and in which the nucleus possesses histones (Fensome et al.
1998); intracellular parasites without known fossil record (Evitt 1985, p. 27).

Class Dinophyceae — Dinoflagellates with a dinokaryon throughout their entire life-cycle
(Fensome et al. 1998).

Class Blastodiniphyceae — Parasitic dinoflagellates having a dinokaryon during part of the life-
cycle only. Cells are not highly vacuolated (Fensome et al. 1998).

Class Noctiluciphyceae — Dinoflagellates with a dinokaryon during part of the life-cycle only. The
principal life-cycle stage comprises a large free-living motile cell inflated by vacuoles (Fensome
et al. 1998).




Subclass Peridiniphycidae — Dinophyceans with a tabulation which accords with, or derives from,
a pattern in which there are five or six latitudinal plate series; sagittal suture lacking (Fensome et
al. 1998); includes by far the majority of fossil dinoflagellate cysts, see below.

Subclass Prorocentrophycidae — Dinophyceans in which the flagella are inserted apically and in
which there is no cingulum or sulcus; thecal plates and a wavy flagellum, the latter being clearly
homologous to the transverse flagellum of other dinoflagellates, are present (Fensome et al.
1998); no fossil record is known for this group.

Subclass Gymnodiniphycidae — Dinophyceans in which: 1) amphiesmal vesicles are humerous
and arranged nonserially or in more than six latitudinal series; or 2) the pellicle is the principal
amphiesmal element; or 3) the amphiesmal structure is uncertain but does not comprise a theca
divisible into six or fewer latitudinal series (Fensome et al. 1998); comprises the Gymnodiniales,
Ptychodiscales, and Suessiales, all of which include fossil members though none have been
encountered in the present study.

Subclass Dinophysiphycidae — Dinophyceans which possess a cingulum, sulcus and sagittal
suture (Fensome et al. 1998); normally exhibits moderate to strong lateral compression;
comprises the Dinophysiales, which have no certain fossil record, and the Nannoceratopsiales,
which are known only from the Jurassic.

Order Peridiniales Haeckel 1894 — Tabulation with one or both of the following arrangements: (a)
the first apical plate is symmetrical, the left lateral triple junction or pair of left lateral triple
junctions being essentially level with the right lateral triple junction or pair of right lateral triple
junctions; (b) there are two antapical plates, placed more or less symmetrically about the
midventral (middorsal) plane. (Fensome et al. 1998)

Order Gonyaulacales Taylor 1980 — Tabulation with one or both of the following arrangements:
(a) the first apical plate is asymmetrical, its left lateral triple junction being higher (i.e. more
anterior) than the right lateral triple junction; (b) there are two to four fundital plates — always the
posterior intercalary plate (1p) and first antapical plate (1), sometimes the posterior sulcal
homologue (*ps), and possibly in rare cases also the right sulcal homologue (*rs) or subdivisions
of these plates. Among the fundital plates, 1" is almost always larger and is in a clearly more
dorsal position than the other(s). (Fensome et al. 1998)
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Gonyaulacineae Taylor 1980 [autonym] — Gonyaulacaleans in which the hyposomal tabulation is
sexiform, i.e. in which the first antapical homologue (*1"") contacts the sixth postcingular

homologue (*6"™) and in which the posterior intercalary homologue (*1p) extends further to the
anterior than the posterior sulcal homologue (*ps). Distinctive postcingular horns are absent.
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